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1 INTRODUCTION

The two forms of solids are the crystalline form amel &morphous form (Cui, 2007).
Solid materials are usually processed in their criyséalform, but application of the
amorphous form is increasing. Glassy materials assl us many industrial fields glassy
materials are used such as the plastics industryetiée industry, the food industry, and for
the production of semiconductors, ceramics and dptiggasses, and naturally ithe
pharmaceutical industry.

In pharmaceutical formulations, most drug materialspaoeessed in their crystalline
form. This is a thermodynamically stable state #wdtibits both short-range and long-range
order (Hancock & Zografi, 1997; Aaltonen et a2009) Unlike a crystalline solid, an
amorphous solid has no long-range order of molecudaakipg, so the molecules are
conformationally flexible (Yu, 2001). The applicatiofan active pharmaceutical ingredient
(API) in amorphous form is increasingly common in tleeelopment of pharmaceutical solid
formulations, with all its risks and benefits (Craigkt 1999; Pokharkar et al., 2006).

What are the most important advantages of the egdmn of the amorphous drugs?
Amorphous forms of APIs have many useful propertiesoAg the most important ones are a
higher dissolution rate and sometimes higher water solubility relative to that thé
crystalline form(Rodriguez-Spong et al.,2004; Zhang et al, 2004; Takeuchalgt2005;
Hancock & Parks, 2000) as there is no lattice enengych is a thermodynamic barrier to
dissolution (Singhal & Curatolo, 2004).

It must be mentioned that there are disadvantagteetase of this form. Amorphous
solids generally have lower stability than the coroesiing crystals because of the higher
energy level (Chadha et al., 2005, Craig et al., 12@8harkar et al., 2006). Crystallization
inhibitors therefore have to be used in most cas@asnorphous pharmaceutical technological
formulations. A wide range of auxiliary agents araitble to stabilize this form and to
prepare a suitable glassy dosage form.

In this way two possibilities to achieve an amorphous phasebeadifferentiated: the
first is when an amorphous material is preparedeglas a pure glassy drug; and the second is

when auxiliary agents (crystallization inhibitorgeaised to prepare the amorphous systems.



The latter preparation methods result in solid disipas. From the aspect of stability, this
latter possibilityis more appropriate and more applicable industrially.

The pharmaceutical industry is highly interestecamorphous formulations because
amorphization techniques are very innovative, thattkkghe advances in the analytical
methods. The detection of amorphous forms is cugreatlwiddy investigated field of
pharmaceutical technology, as concern both delieexatorphization and when an unwanted
glassy form appears spontaneously during formulatietarage.

In connection with the amorphous form in pharmacaltiechnology, the most
important reviews have been written by in this sdienfield. They are Craig, Hancock,
Zografi, Ker¢, Sré¢i¢, Yu etc. Ker¢ and Src¢i¢ published the first results relating to the
amorphous form oAPIs in 1995, in Thermochimia Actd he first significant review article
connected with amorphous materials in pharmaceutasiniology (Yu, 2001), discussed
preparation methods, characterization technigues pssibilities for the stabilization of
glassy drugs. From a Hungarian aspect, our team fepbred the advantages of
amorphization in 2003 and used different methods&énimdustrial research and development

work.
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2AIMS

The primary aim of this study was to establish therditure background of
pharmaceutical amorphization. We wanted to knowtwhathods are available to produce
this special solid form, and how amorphous mateals be investigated and characterized
with different analytical techniques.

The secondary aim was to investigate clopidogrelrdyehsulfate (CLP) as madde
drug from the aspect of pharmaceutical amorphizatidme steps of this work were as

follows:

- Characterization of the glassy property of CLP: detertimnaof the investigation
methods that can be used to classify CLP accorditg tfass formability (a poor
or agood glasformer).

- Choice of a preparation method which results in parerphous CLP without use
of an auxiliary agent.

- Investigation of the stability of pure amorphous CL&tduse ofts tendency to
undergo recrystallization during storage.

- ldentification of a suitable recrystallization inhini and determination of its
amount which can stabilize the amorphous form of CLP.

- Use of the amorphized product in a scaling-up process

- Development of tablets as final dosage form thapjsropriately stable as concern
the recrystallization of CLP.

- Devising a protocol of amorphization in general, gsactical consideration.

It should be mentioned that the experimental parthisf thesis was carried out in
20022004.In that period, the pharmaceutical industry was ¢yeatthe amorphization of
APIs. The amorphous form remains important nowadays the approach has changed
appreciably. Deliberate amorphization is still oé@rinterest industrigd, but in the scientific
field, a new issue has arisen and has been subjecdnsiderable development. This is when
an anorphous form arises spontaneously during the pharrtiaaedormulation or dumg
storage. This can give rise to different propertiesctvimay cause problems in the processing

technology or in the application of drugs.
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3LITERATURE BACKGROUND

3.1 Amorphization in phar maceutical technology

The amorphous or glassy form is one of the two salibpbhases; the other is the
crystalline form (Cui, 2007). In pharmaceutical techgglahis solid form is well known and
widely studied because of its advantageous propdRmster et al., 2002; Franks, 2002). The
applications of amorphization can be divided ittt groups:

- the amorphization of inorganic crystalline materiale{dec et al., 2009);

- the amorphization of organic materials consisting of small molecules (most

APIs can beclassified in thisgroup) (Panchagnula & Bhardwaj, 2008); and

- the amorphization of large polymer molecules (Casast,£2009).

The present work is concerned with the second posihg a model API for amorphization.
Amorphization can be applied in pharmaceutical tethgy for four reasons:
- to increase the dissolution rate and solubility op@orly water-soluble API
(Hancock & Parks,1999 Leuner & Dressman, 2000; Forster et al., 2001;
Kinoshita et al., 2002),

- to protect active agents from a polymorphous transfoom@Zhang et al., 2004),

- to revise the processibility of the correspondingstalline drug (Bozic et al.
2008), and

- to take out a new patent relating to the amorptiotrs of a given API (Lifshitz et
al., 2004.

3.1.1 Increase of dissolution rate and solubility

In practice, many APIs are applied that display pawmulslity in water. New drug
materials are nowadays rarely classified into Biophaeuthcs Classification System groups
Il and IV. Because of their poor solubility in water, thesevactigents do not have sufficient
bioavailability (Singhal & Curatolo, 2004).

This point is also important in the developmentgeheric formulations. When an
original drug product contairescrystalline API, with a better dissolution profile ththat of

the amorphous formulation, a new generic formulati@thod may be started.
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It is a great problem that many API candidates exipbdr solubility in water. In
preclinical studies, when a high concentration iedeel in the serum, amorphization may
increase the solubility ain API.

There are examples, where the goal of amorphizateto achieve better solubility.
Indomethacin(Hédoux et al., 2009) piroxicam (Tantishaiyakul et al., 1999) and curcumin
(Paradkar et al., 2004) were amorphized with this #ishould be mentioned that there is an
example of amorphization not increasing but decregat$ia solubility of a drug material. This

APl is rifampicin (Panchagnula & Bhardwaj, 2008).

3.1.2 Protection from polymorphic transformation

Numerous applied APIs have several polymorphic formish different physical
and/or physico-chemical properties. These formsbeamterconverted during the formulation
process. In this way, the API can display changesolability, melting point, processibility
and (not least) physiological effects. Such a polymarpfonversion may be prevented
through amorphization (Singhal & Curatolo, 2004). Baraple, carbamazepine has different
polymorphic forms, with different dissolution propertiésowever, he amorphous form of

this API can also be prepared.

3.1.3 Improvemendf processibility

Most of the work in this field deals with the polymabic transformation of crystalline
drug substances, but several studies have paidiatténtthe mechanical properties radn
crystalline APIs (Hancock et al., 2002). When thecpssing of crystalline drug substances
lead runs into difficulties, it is possible that taenorphous form can be treated easily. In
many cases, for example, the compressibility of ther@ghous form is better than that of the
crystalline form (Trasi et al., 2011). In Trasi et avestigated the dehydration of glucose,
during which the amorphous content of the glucoseesssed and hence the mechanical
properties (e.g. the compressibility) of glucose imprb Bozic et al. (2008) investigated
macrolide antibiotic, which is a perfect example frtra literature of how the compressibility
of a drug can be revisday amorphization. In their work, the capping probleniniy tablet

compression was reduced by amorphization.
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3.1.4 Taking out a new patent

When the aim of amorphization is a new patenttiredato the amorphous form,
economic aspects are also involved. Patents congeamiorphous formulations are taken out
with a wide range of aims. At the end of the 1990s andbéginning of the2000s, years
numerous inventors dealt with the compressibilBhérwood et al., 2003) and tabletability
(Chen & Chou, 1998) of amorphous APIs and at that timiemelt technologies were very
innovative techniques (Ghebre-Sellassie et al. 4200ater, special preparation methods for
came to the forefront of amorphous patents, e.g.rpimmation with electrospininng
(Ignatious et bk, 2006), the preparation of coated implantable mediealces by a solvent-
free method (Maryanoff et al., 2008) or the amorpharatof pure API (esomeprazole)
(Reddy et al., 2009) and stabilization (Yu et al., 200®wadays, glassy drugs often featur
in patents because of the better dissolution rate dMa& Rubnov, 2012), or in patents

relating to crystalline formulations, to solve preinis that arise during preparation methods.

3.2 Amorphization processes in phar maceutical technology

In pharmaceutical formulations, it is necessary to dkfiate two possibilities: when
an amorphous form of the API is produced alone, witlibe use of any auxiliary agents (Fix
& Steffens, 2004; Ambike et al., 2005), when a coritrs involves both the amorphide
APl and an auxiliary material(s) as crystallizatiohibitor(s). A product made in this way
can be a solid dispersion (Rupprecht & Kindl, 19743 splid solution or some other multiple
system (Bettinetti et al., 2006).

The technologies applied to make an amorphous farpharmaceutical technology,
are a solvent method (Panchagnula & Bhardwaj, 20@8)ntelt technology (Kinoshita et al.

2003) and milling process(Delogu et al., 2004Figure 1 summarizes the possibilities.
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FIGURE 1: Methods for the preparation of amorphous materials

3.2.1 Solvent method

Solvent methoslare among of the simplest processes utilized for ahapon in
industry. It is important that the agent must dissolithout leaving a residue. If crystals
remain in the system, these could start nucleatioaching as seeding crystals in the phase of
supersaturation during removal of the solvdhta solvent is applied in a pharmaceutical
technological method, the danger class of this swlraust be taken into consideration
according to the ICH Q3C guideline (ICH Q3C, 1998). ©bgctive of this guideline is to
recommend acceptable amounts for residual solventsammaceuticals for the safety of the
patient.

In the next step, the solvent has to be removed thensystem. The removal must be
as fast as possible, because in this way the bgildf the crystal lattice can be inhibited. The
solvent can be removed by heating, by reducing ttesspre or by spray-drying. The
technological processes are outlineFigure 2. The literature presents many examples of
amorphization with solvent technologyable | lists some APIs amorphized laysolvent

method.
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Distillation

P Heating — P Evaporation by heating

Evaporation by applying vacuum
Solvent technology ¥ preassure reduction » Granulation by vacuum
Freeze-drying or lyophilization

Vapourizing onto the surface
of a carrier

—p Evaporation ——Pp Spray-drying w

FIGURE 2: Methods of solvent technology

Tablel: Amorphization of APIs with solvent technology

Amor phized API Applied technology Applied Literature
additive(s) reference
Atrovastatin Spray-drying - Kim et al.,
SAS process 2008
Carbamazepine Solvent evaporation PVP Sethia&
Squillante, 2004
Fenofibrate Spray-drying Lactose and SLS  Vogt et al,
2008
Indomethacin Spray-drying Nonporous or | Takeuchi et a.
porous silica 2005
Ketoprofen Solvent evaporation under PVP Martino et al,
reduced pressure at 40 2004
Loperamide Spray-drying PVP Weuts et al.
2004
Paracetamol SAS process - Rossmann et
al., 2012
Piroxicam RESS Benzoic acid Vemavarapu et
al., 2009
Piroxicam Solvent removal by reduced PVP Tantishaiyakul
pressure at 46C et al., 1999
Tacrolimus Solvent evaporation PEG 6000 or Yamashita et
PVP or al., 2003
HPMC
Tolbutamide Spray-drying nonporous or | Takeuchi et aJ.
porous silica 2004

PVP: poly(vinyl pyrrolidone), RESS: rapid expansion of supercrischilition, SAS: supercritical antisolvent,
PEG: poly(ethylene glycol), HPMC: hydroxypropylmethylcellulose, SLS:usodiaurylsulfate

3.2.2 Hot-melt technology
Hot-melt technologies are currently popular in thanmaceutical industry because
these methods are free from solvents. This is alsortapt environmentally and additionally

residual solvent will not be present in the prodiércir the applicability of this roat first of
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all, the melting point () must be determined and also the temperature athvihe API

decomposesWe have to differentiate two processes: when the APmelted without

auxiliary agent and then cooled on a cold surfacerigh-cooling technology), and when the

active ingredient is dissolved in a molten auxililagent and then the product is then

solidified immediately bycooling. In this method, surfactants too can be &gblFigure 3

illustrates the processes for hot-melt technologied.dble || details some APIs which are

amorphized by hot-melt technology.

Melting of crystalline API 4

Quench-cooling

Hot-melt technology ——

Dissolution of crystalline API
in molten auxiliary ingredient

-

| Quench-cooling
Extrudation of melt
Solidification of melt in drops

FIGURE 3: Hot-melt technology

Tablell: Amorphization of APIs with hot melt technology

Amor phized API Applied Applied additive(s) Literature
technology reference
Carvedinol Quenching of melt - Pokharkar et al.
2006
Guaifenesin Hot-melt extrusion Acryl-Eze or Bruce et al., 2007
Eudragit L10055

Halofantrine

Fusion method

Gelucire 44/14 and
vitamin E TPGS and

Khoo et al., 2000

PEG 6000
Indomethacin Hot-melt extrusion PEG 8000 or Forster et a.
PEG 10000 or 2001
PVP
Itraconazole Quench-cooling - Weuts et al., 2001
Ketconazole Quench-cooling - Weuts et al., 2001
Lacidipine Hot-melt extrusion Citric acid or Forster et b,
glucose or 2001
anhydrous lactoser
mannitol or
PVP
Metoprolol Hot-melt extrusion PVA and PVP Saerens et al.
2012
Miconazole Quench-cooling - Weuts et al., 2001
Simvastatin Quenching of melt - Ambike et al,
2005
TAS-301 Melt-adsorbed Porous calcium silicate | Kinosita et al.
technique 2003

PVA: poly(vinyl acetate), PVP: poly(vinyl pyrrolidone), PEG: potifgene glycol), TAS-301: 3-bis(4-

methoxyphenyl)methylene-2-indolinone
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3.2.3 Milling technology

Grinding or milling is commonly used in pharmaceudtitachnology. With this
procedure, amorphous forms can also be prepared ooadigi The efficiency of grinding
depends on the structural properties of the drug mkgehids influenced by the hardness of
the API, which carbe characterized on the Mohs scale ranging from 1 (sefty to 10 (very
hard). This scale is used to characterize both minaralspharmaceutical compounésgid
or hard crystals, or crystals containing many latdegects, can be ground more effectively.
The technical equipment applied can be ball miflvibration mills or other grinders. Here
again there are possibilities: APIs can be groumthelor can be co-ground with auxiliary
agents, which can protect the amorphized materiedsn frecrystallization.Figure 4
summarizes the milling technologieS.able 11l contains some literature examples of

amorphization by grinding technology.

Grinding of drug
material alone

11: ‘ | Development of structural properties | |
Milling teChnOlOgy‘ + of drug material (rigidity, hardness,...)

Co-grinding
with additives

FIGURE 4: Milling technology

Tablelll: Amorphization of APIs by milling technology

Amor phized API

Applied technology

Applied additive(s)

Literaturereference

Ibuprofen Co-grinding inaball Kaolin Mallick et al., 2008
mill

Indomethacin Co-grinding in a Non-porous silica | Watanabe et al., 200
vibration mill

Indomethacin Co-grinding in a PVP Watanabe et al., 200
vibration mill

Indomethacin Co-grinding in a the mixture of Watanabe et al., 200
vibration mill nonporous silica anc

talc

Indomethacin

Cryogrinding

Hédoux et al., 2009

Meloxicam

Co-grinding ina
planetary monomill

PVP and PEG

Kirti et al., 2011

PVP: poly(vinyl pyrrolidone), PEG: poly(ethylene glycol)
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3.3 Classification of materials from the aspect of amor phization

The amorphous form hashigher free energy, enthalpy and entropy and a great
volume corresponding crystalline phadégure 5). On increase of temperature, the free
energy decreases and the enthalpy, entropy andnealcrease. If the entropy changes of the
amorphous form are extrapolated to the curve of the gy changes of the crystalline form,
we obtain the Kauzmann temperaturg)(TAt this point, the crystalline and the amorphous
forms have the same entropy volume. When a materisiored below d, the amorphous
form is more stable than the corresponding crystafionen because its entropy is lower than
that of the crystalline form. In the literature, thideis referred to as the Kauzmann padoa
(Kauzmann, 1948).

Amorphous

o 2 y
—— =]
g Melt /
S % /
~ . > /
o Crystalline N Amorphous ”.
S N\ >
o _\ \ o, A "
Amorphous

5 &S 2 I
(5]
2] 5 Amorphous
A =

S

< wwetalline

Melt & |Crystalline
=
43}
T T T T T
] m g m
Temperature Temperature

FIGURE 5: Temperature parameters of crystalline and amorphaossfdy: glass transition

temperature; Jf. melting point; k: Kauzmann temperature (Kauzmann, 1948).

Crystalline systems can be characterized by their mgefinints (), but amorphous
materials do not possess this characteristic temperparameter. They can rather be defined
by the glass transition temperaturgy)(Toelow which amorphous materials are brittle and
above which they are in a liquid or rubbery staigelids in the interval from approximately
2/3 to 4/5 of the & (in Kelvin) (Yu, 2001). For investigations of the amlbops form and
differential scanning calorimetry (DSC) is a suitable eexpental method (Giron, 2002,
Gombas et al., 2002).

Crystalline agents can be divided into poor (or fragyk)ss-formers and good (or

strong) glass-formers.

For poor or fragile glass-formers, I—gl > 0.7;

for good or strong glass-for mers, 'IT_r?I < 0.7 (Ker¢ & Sr¢ic, 1995).
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(In other publications, the limit is given as 1.5 fo§/Ty: when T/Tg>1.5, the material is
good glass-former (Craig et al., 1999, Hancock & Zogd97) This allows a prediction of
the amorphization properties of APIs. Good glass-8seexhibit minimal molecular mobility
changes at g and hence the shift in heat capacity tends tostmall. However, this
complicates the determination of this charactergi@meter of the glassy form.

In an amorphous system containing several amorphompaients, we can define

Ty(mix) through the Gordon-Taylor equation.
l(a)l 'Tgl)+(K ) 'ng)J

T ix) = )
° (M) [a)l + (K (0, )]
T
where K = 21t ,
P2 'Tg2

® = mass of components,

T, = glass transition temperatures of components,

p = amorphous densities of components (Gordon & TayRis2]

The T;- 50 K rule helpsussuitable storage temperature for amorphous ARighis
temperatureglassy APIs have “zero” structural mobility, and storage at this temperature can
therefore stabilize the glassy state.

3.4 Investigations of amor phous materials

A wide array of methods are available for the sohdge analysis of pharmaceutical
compounds. Techniques commonly used to study stéite properties are listed Trable IV
(Giron et al., 2004). The method of choice for a specidise depends on the key parameters
neededo be determined and how deeply they have to be invatgtty Usually, it is advisable
to use two or more complementary methods to obtaieliable knowledge of the forms
(Aaltonen et al.2009).

As concerns the amorphization of a crystalline s&arxe an important factor is the
ratio crystalline/amorphous content (Giron et al., 200he ICH Q2 guidelines contain the
rules for the quantification and validation of method&e industrial gold-standard for
structural determination is X-ray powder diffraction (XRRBaisford, 2012). This method is
often applied to quantify the amorphous form contBr8C is also an accepted method, but

the information provided by DSC measurements is ussalniquantitative.
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M ethod Data measur ed Property Example
measur ed/used

X-ray diffraction (single| Diffractogram Crystallographic Li, 2000; Chen et

crystal and XRPD) properties, quantification al., 2001
of amorphous/crystalline
ratio

Infrared (IR) IR spectrum Chemical information | Ambike et al,

spectroscopy 2004

Raman spectroscopy | Raman spectrum Chemical information Taylor&
(complementary to IR), | Zografi, 1998;
guantification of Widjaja et al,
amorphous/crystallm 2011

ratio

Tetrahertz pulsed
spectroscopy (TPS)

Tetrahertz pulsed
spectrum

Chemical information

Strachan et al.
2004

Near-infrared Near-infrared spectrum| Chemical information, Gomby4s et al,
spectroscopy (NIR) quantification of 2003
amorphous/crystalline
ratio
Solid-state nuclear Magnetic resonance Chemical information, | Lefort et al,
magnetic resonance quantification of 2004
(NMR) arn_orphous/crystalline
ratio
Differential scanning | Heat flow vs. Thermal events, Gombas et al,
calorimetry (DSC) temperature guantification of 2002; Lefort et
amorphous/crystalline | al., 2004
ratio
Thermogravimetry (TG) Change in mass vs. Solvate/hydrate studies | Forster et a).
temperature 2001
Microscopy, polarized | Microscopy under the | Morphology, surface Lechuga-

light microscopy
(PLM), scanning
electron microscopy
(SEM)

influence of light or
electron radiation

examinations,
dehydration,
polymorphism

Ballesteros et al.
2003

Moisture
sorption/desorption
isotherms

Change in mass vs.
variable RH%

Hygroscopicity
behaviour (hydrate
formation, dehydration,
amorphous crystallizatiol

Bronlund&
Paterson, 2004

Solubility/dissolution

Amount dissolved in
different solvents or
temperatures vs. time

Solubility/dissolution rate
measurement

Murdande et a).
2010

Dynamic vapou

Moisture sorption

Quantification of

Vollenbroek et

sorption (DVS) isotherm amorphous/crystalline | al., 2010
ratio

Microcalorimetry Heat flow vs. time Quantification of Ahmed et al.
amorphous/crystalline | 1996, Dilworth et
ratio al., 2004;

Gaisford et al.
2012

Solution calorimetry

Heat flow during
dissolution

Quantification of
amorphous/crystalline

ratio

Royall &
Gaisford, 2005
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AMATERIALSAND METHODS

4.1 Materials

4.1.1 Clopidogrel hydrogensulfate (CLP)

In this study, the crystalline API which was subjédcte amorphization was CLP
(clopidogrel bisulfate), a potent oral antiplatelgeat often used in the treatment of coronary
artery disease, peripheral vascular disease and ceasbrdar disease as PlaVigan original
drug product). Many generic products containing #utve agent are currently on the market
with in Hungary. The chemical formula of CLP ige816CINO>.SH,SO, and the molecular
mass is 419.9. Chemically, it is classed amongthi@phenes, and its systematic IUPAC
name is methyl (+)-(S)-alph@-chlorophenyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)
acetate sulfate. The chemichal structure is to be seEigure 6. Six different polymorphic
forms (Table V) and an amorphous form of the drug have been ideatifbut only forms |
ard Il are used in pharmaceutical formulations (Bousquedl.e 2003; Uvarov & Popqv
2008) The polymorphic and amorphous forms of this drug dealt with in a number of

patents and articles.

Cl COOCH;3

. H2804

FIGURE 6: The chemical structure of CLP
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Table V: Polymorphic and amorphous forms of CLP

Polymor phic form Melting point (T m) Reference

I 184+3 °C Lohray et al., 2004

Il 176£3 °C Lohray et al., 2004

11 105°C Lifshitz et al., 2004

v 160170°C Lifshitz et al., 2004

\% 126-132°C Lifshitz et al., 2004
VI 136°C Lifshitz et al., 2003

Amorphous - Parthasaradhi et al., 2006

CLP polymorphic form Il (EGIS, Budapest, Hungary) wasdusg the crystalline API.

4.1.2 Solvents and additives

Table VI details the solvents and additivagplied and their producers.

Table VI: Applied solvents and additives

Type of additives Materials Producer
Ethanol 96% v/v Merck, Hungary
Solvents Methanol
Acetone Reanal, Hungary
Aerosil 200 (colloidal Si) Nippon Aerosil Co., Japar
Syloid 72 FP (porous SKp Grace, Hungary
Kaolin Merck, Hungary
e Mannitol
Cr.ySt?“.' Zation Microcrystalline cellulose (MCC) | FMC Corporation, Europe
inhibitors

(Avicel PH 101)

Poly(vinyl pyrrolidone)
(PVP K25) (PVP, Kollidofi 25

Cross-linked PVP (Crospovidone
Kollidon® CL-M, PVP KCL-M)

BASF, Germany

Methylcellulose

(Ph. Eur.)

Auxiliary agents of
tablet making

Microcrystalline cellulose (MCC)
(Avicel PH 101), as filler

FMC Corporation, Europe

Cross-linked PVP

(PVP Polypl.XL 10)
(Polyplasdon® XL 10, N-vinyl-2-
pyrrolidone polymer), as
disintegrant

[.S.P. Technologies Inc.,
Germany

Magnesium stearate, as lubrican

Hungaropharma, Hungary
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4.2 M ethods of prepar ation

4.2.1 Preparation of pure amorphous CLP

Amorphous samples were made with the okethanol96%v/v or methanol. 1.0Q
CLP was dissolved in 10.00 g ethanol or 4.00 g metheath the aid of a magnetic stirrer
(Velp® Scientifica, Europe) for 5 minutes at room temperatline solvent was evaporated
by two methods: with blown room temperature air oder vacuum (Binder, Germany).
1.00 g CLP was treated with 20.00 g acetone with mtagmixing for 15 minutes at room
temperature and the solvent was then evaporated ofdidoum (Binder, Germany). After
drying, samples were pulverized in a porcelain mori#r avpestle. In the following steps, we
used the sample which was prepared with ethanoldaiedl with room temperature air as
amorphous reference sampkthanol was the most suitable solvent for the amogpioiz of
CLP (see section 5.1).

4.2.2 Selection ad crystallization inhibitor

Different masses of CLP were dissolved in different am® of ethano96%v/v. The
resulting solutions were mixed with different crystadlion inhibitors in a porcelain mortar,
leading to the formation of a solution asuspension or a gel. The ratio CLP:crystallization
inhibitor was 7:3. The mixtures were then dried witom-temperature air (2%, 46%
relative humidity (RH)). After the most suitable inhdrithad been chosen, it was mixed with
CLP inratios of 1:9; 3:7; 1:1; 7:3 and 9:1 with #im of finding the best active APl:auxiliary

agent ratio.

4.2.3 Amorphization in scaling-up processes

Sample 1: 28.0 g of CLP was dissolved in 160.0 etlodnol96% v/v with the use of a
magnetic mixer for 2 min. 12.0 g of Aerosil 200 a#0.0 g of MCC were mixed with a
Turbula mixer (speed: 50 rpm, duration of mixing: S1miThe solution of CLP was then
vaporized onto the surface of the Aerosil 200-MCCturix bed in a pan (DragexJergen).

Sample 2: 28.0 g of CLP was dissolved in 160.0 etloanol96% v/v with the use of a
magnetic mixer for 2 min. 12.0 g of Aerosil 200 wasledl to the solution of CLP and
underwent solvation in 2 min; a gel was made byimgxThis mixture was vapourized onto
the surface of 40.0 g of a MCC bed in the same pan.

The parameters (in both cases): pan (Dragex-1 staistest equipment, furnished

with an exhauster system for removal of the solventeunocessing), rotation speed: 25
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rpm; pressure of spraying air: 0.1 bar; type of vapeurigValther, 1 mm nozzle diameter;
drying air temperature: 2%; RH of drying air: 46%; transportation of liquid: Peripump;

speed of transportation: at the beginning of the measent 5 ml/min; at the end of the
measurement: 1 mli/min (this depends on the rate ahgkyThis step involves a 28-fold
scaling-up. During the process, the loss of powder wayg variable, depending on the

situation of the Aerosi200(in a powder bed or in alcoholic solution).

4.2.4 Tablet-making

A larger amount of stabilized product was prepareth vihe production method
employed for Sample 2. This product was the internalsphof the tablets. The mass of a
tablet was 400 mg, containing 100 mg of CLP. The pasition for 1000 tablets is given in
Table VII. The internal and external phases were mixed withrédula mixer (speed: 50 rpm,
duration of mixing: 5 min). Tablets were made witK@asch EKO eccentric tablet machine
(Emil Korsch Maschinenfabrik, Berlin, Germany) (35 tabl@in, punch diameter 12 mm,

compression force: 9+1 kN).

TABLE VII: Composition for 1000 tablets

Substances M ass
Internal phase | CLP 100.00 g

Aerosil 200 42.86 g

MCC 243.14 g

External phase | Polyplasdone XL 10 12.00g

Magnesium stearate 2.00g

4.3 M ethods of investigations

4.3.1 Differential scanning calorimetry (DSC)

For characterization of the amorphous form, DSC wasl {a Mettler-Toledo DSC
821 instrument). Approximately 4.80-5.20 mg of sampées placed into an aluminium pan,
which was then sealed and scanned frorff» 200 °C at 5 °C/min under an argon gas flow

at 100150 mli/min. The instrument was calibrated with the usedium.
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4.3.2 X-ray powder diffraction (XRPD)

XRPD was performed with an X-ray Diffractometer Minifléek (Rigaku, Tokyo,
Jgpan), where the tube anode was copper With1.5405A. The pattern was collected at a
tube voltage of 30 kV and a tube current of A& in step scan mode (4°min™). The

instrument was calibrated with silicon.

4.3.3FT-IR analysis

To demonstrate, that no degradation occurred duringapagon, and for the chemical
stability testing of samples, we used an FT-IR agparaAvatar 330 FT-IR spectrometer
(Thermo Nicolet, USA). The sample, wihCLP content of 0.5 mg, was mixed with 150 mg
of dry KBr in an agate mortar, and the mixture was th@mpressed into a disc at 10 t. Each
disc was scanned 64 times at a resolution ofm? over the wavenumber region 4600
400cm .

The presence of H-bonding in the samples was moall by FT-IR analysis in the
solid and in the liquid phase. Dichloromethane wapglied as solvent for the preparation of
solutions. In the liquid phase, the concentrationsew@.1000 g, 0.0500 g, 0.0250ay
0.0125 g in 1@n?. IR spectra were recorded 4000 and 460 on a FTIR spectrometer
(Bio-Rad Digilab Division FTS-65A/869, USA) between. efBpectrometer was equipped
with a DTGS detector for the measurements on soligpsnSolutions were investigated in
a KBr liquid cell of 0.1mm in thickness. The spectral resolution was 4'camd 128 scans

were averaged.

4.3.4 Investigation of tablet parameters

Five parameters of the tablets were investigatedssmdiameter, height (measured
with a screw micrometer; Mitutoyo Corporation, Tokyapdn), hardness against pressure
(Heberlein apparatus, Le Locle, Switzerland) and time tof disintegration (Erweka ZT71,
GmbH, Germany). Investigations were made with frasth with stored tablets.

4.3.5 Investigation of stability of products

As recommended by international guidelines (ICH Q1 stored samples under
two different conditions. Longerm testing was performed at 25+2 °C with 60+5% RH, and
acceleratedesting at 40+2 °C with 75+5% RH. Under both conditions, samples were stored in

open and in closed containers; the duration of stoveas 4 weeks.
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SRESULTS

5.1 Confirmation of amor phousform

Prepared samples were measured primarily by DSC. Witis tmethod,
characterization of the amorphous form is possible kijuicThe starting material and 5
prepared samples were tested at first by DSC. Thesses are presented Kigure 7. The
crystaline CLP melted 177°€ (450.6 K). The normalized heat capacity change was
83.9Jg". The sample which was treated with acetone remadiméde crystalline phase. The
melting point of this material was 177@ (450.9 K) and the normalized heat capacity
change was 82.8g>. The samples prepared in ethanol or methanol wasforamed to the
amorphous form both on drying through blowing withbom-temperature air and under
vacuum. The characteristic melting point disappeaoadpletely from the DSC curves, which

were virtually straight lines without any enthalpyaoles; no Jcould be detected.

Aexo
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FIGURE 7. CLP samples measured by DSE. Crystalline form,B: sample prepared with
ethanol, dried by blowing of room-temperature &r,sample prepared with ethanol, dried
under vacuumbD: sample prepared with methanol, driggblowing of room-temperature air,
E: sample prepared with methanol, dried under vaclkursample treated with acetone, dried

under vacuum.
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Samples were also tested by XRPD measurement. Ddgeaams are to be seen in
Figure 8; for clarity, the diffractograms are displaced along yhaxis. This investigation
supported the DSC results throughobtgure 8 shows that the products prepared with
ethanol or methanol, independently of the drying pdoce, were converted to the amorphous
form, because the peaks disappeared from the diffractegi@nd the spectra became smooth.
The sample treated with acetone remained in theatliye phase, and the diffractogram of

this preparation was the same as that of the clipgtatarting material.

Intensity

BBS

3 13 23 33 43 53
26/degree
FIGURE 8: CLP samples measured by XRPA&. Crystalline form,B: sample prepared with
ethanol, dried with room-temperature a@; sample prepared with ethanol, dried under
vacuum,D: sample prepared with methanol, dried with room-terafure air,E: sample

prepared wh methanol, dried under vacuumi; sample treated with acetone, dried under

vacuum.

To confirm that no degradation had occurred in the gmegpsamples T-IR analysis
was performedKigure 9). For clarity, these spectra too have been displaload dhe y axis.
Each peak was present in each spectrum, reflectingrésence of the same chemical bonds,
and no degradation could be detected in the courtigese measurements. The amorphous
and crystalline materials furnished the same spettias, as we had anticipated, with this
method we could not differentiate the crystalline @mamorphous forms, but we confirmed

that no degradation had taken place in the samples.
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FIGURE 9: CLP samples measured by FT-IR. Crystalline form (II),B: sample prepared
with ethanol, dried with rem-temperature airC: sample prepared with ethanol, dried under
vacuum,D: sample prepared with methanol, dried with room-terafure air,E: sample
prepared with methanol, dried under vacudinsample treated with acetone, dried under

vacuum.

The DSC, XRPD an#&T-IR results suggested that the samples preparedetyiinol
or methanol were transformed to the amorphous fodapandently of the drying procedure,
but the sample treated with acetone remained icrystalline form. Acetone is naa suitable
solvent for the amorphization of CLP, but ethanol argthanol have the same amorphizing
property in the case of this APAs mentioned in the literature background, if we apaly
solvent in a pharmaceutical technological methoel st take into account the danger class
of this solvent according to the ICH Q3C guideline @RI he objective of this guideline is
to recommend acceptable amounts for residual solwembarmaceuticals for the safety of
the patient. ICH Q3C classifies ethanol into the lemsgdrous Class 3, while methanol is
classified into the more dangerous Class 2. Accgiginve recomended the application of

ethanol for the amorphization of CLP.
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5.2 Measurement of T,

Ty is one of the most important parameters for amorpmoaterials. The expected
temperature interval in whichgTan lie is approximately 2/3 to 4/5 of, Tin Kelvin) (Yu,
2001) The T, of crystalline CLP is 177.4C (450.6 K). Accordingly, the expected interval of
glass transition is 27.2-87°8 (300.4-360.4K).

A DSC curve reveals all structural changes accompayeehthalpy changes. In the
curve, T is usually indicated by a step, a dislocation fiitw@ baseline. For CLP, howeveg, T
could not be detected during the first heating fiiy, but during the second heating T
appeared in the curvéigure 10). When double heating was carried out with two sample
with ethanol, the endothermic step in the DSC cwvas detected in the same interval. This
temperature interval, 8210 °C (355-383K) can be defined as the glass transition of CLP.
The midpoints of these changes were 8€.4362.6 K) and 88.5°C (361.6 K), with a mean of
88.9°C (362.1 K). Thus, for the calculatiathis mean value (88% = 362.1 K) was applied
as . For CLP, therefore the quotiend/Tn is 0.80, and accordingly CLP can be classified as

a good glass-former.

Aexo

Glass transition
Onset: 82.36 °C (355.51 K)
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I
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FIGURE 10: Glass transition temperature of CLP measured by DSCSample prepared
with ethanol, dried with room-temperature dr, sample prepared with ethanol, dried under

vacuum.
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5.3 Preliminary stability testing

In the case of amorphous materials, stability problean occur because of the higher
energy level. The possibility of recrystallization very realistic. The amorphous CLP was
subjected to preliminary stability testing. A sampiepared with ethanol was stored in a
closed glass container at-23°C and 55+5 RH. It was observed that crystal growth started
after 30 daysKigure 11). The crystallinity of the sample increased for apprately 76 days
and the crystal growth then stopped. The characterigtiappeared in curve B at 172
(445.2 K). This peak increased linearly with time, the change stopped after 76 days. T
was found in the interval70-172°C (443.2-445.2 K). Values fdH are given inTable VII1.

It was clear that recrystallization started in theogphized sample.

Aexo
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FIGURE 11: Preliminary stability testing: A: Fresh sample; B: géarstored for 30 days; C:
sample stored for 34 days; D: sample stored for 45;d& sample stored for 76 days; F:
sample stored for 96 days; G: sample stored for §8.d
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Table VIII: Preliminary stability testing: Changes in AH determined by DSC measurement

Duration of storage/ AHIIG?
day
0 0.00
30 0.55
34 4.10
45 15.82
76 41.65
96 42.64
109 40.96

The results showed that amorphous CLP can not be ased pure drug material in

pharmaceutical formulations because of its relagiv@st recrystallization.

5.4 Selection of a crystallization inhibitor

Because of the fast recrystallization, the stabitt CLP must be increased through
the use of a crystallization inhibitor, which is thexiliary agent in the tablet composition. In
this step, different crystallization inhibitors wemested Table VI). These auxiliary agents
can be classified as crystalline (e.g. mannitol),isgrstalline (e.g. MCC) or amorphous (e.g.
Aerosil 200) materials. Their common property is a lasgecific surface and they undergo
physical interactions (secondary bonding) with numermaterials. These properties can
prevent the buildingHp of crystals and the development of the long-rangeroof molecules
of APIs.

DSC curves of the reference CLP (crystalline and amarghand samples containing
CLP can be seen ifigure 12. The thermogram of crystalline CLP exhibited a sharp
endothermic peak at 177°@, corresponding to the melting point of CLP. The scan of the
amorphized reference CLP (made with ethanol) did wotasn any characteristic peak, of
course. The other samples were made with a CLP:agxidigent ratio of 7:3or the sample
in which mannitol was present as crystallization liitor, the peak was situated at about
146°C, due to the dissolution of CLP in the melted mannitol (Ty for mannitol is 163C)
(Gombas et al., 2003). The samples with kaolin and MCC exéibdecreased CLR,Values
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(168 and 169C). In this range, these agents do not have melting points. The samples
containing PVP K25 or PVP KL-M and CLP in amorphous form, underwent a colou
change because of incompatibility between the corapts. The curve for the sample made
with methylcellulose displayed a double peak effecf,67.9°C and 177.6 °C. This may be an
indication of two polymorphs in this sample. It Haeen reported that polymorphic form 1V
melts at 167.9C (Lifshitz et al., 2004) and form Il at 1776 (Lohray et al., 2004).
Accordingly, this sample contains three different fooh€LP: the amorphous form, and the
crystalline forms IV and II. Aerosil 200 and Sylai@ FP differ greatly in applicability as
crystallization inhibitors, despite both of themnswsting of SiQ. With ethanol as solvent,
Aerosil 200 resulted in perfectly amorphous CLP, ontcast with Syloid72 FP, which
amorphized the CLP only partially. This result canexplained as a consequence of the
gelling property of Aerosil 200 in ethanol. After tleeaporation of the ethanol, the large
surface of SiQfixes the CLP and protecitsagainst crystal growth, because of the interaction
between CLP and SO This interaction presumably involves H-bondinghwihe surface
silanol groups on the SpOSuch silanol groups are not present on the suda8gloid 72 FP,
which rules out this interaction. This suppositiorbé&sed on the reported verification of the
presence of H-bonding between indomethacin and, $ solid-state NMR imaging
(Watanabe et al., 2001). These results led us tosehaerosil 200 as crystallization inhibitor
for the scaling-up process. This auxiliary agent islassical additive in pharmaceutical
formulations. In the case of solid forms, it can Isediasa glidant (Ohta et al., 2003) or a
coating material (Tayel et al., 2008) in tablet mgkiasa surface modifier (e. g. in dry
powder inhalation (DPI) formulations, due to its highlydrophilic and adsorbing propes§
(Kawashima et al., 1998), and as an auxiliary agerihé preparation of solid dispersions
(Takeuchi et al., 2004). It is an amorphous agentf,taat thus the presence of API crystals
in samples can be detected unambiguously, e.g.3§.D

The following step in this work was to find the aptim CLP:Aerosil 200 ratio. Five
different compositions were tested with this aim. TH&C curves are presentedHRigure 13.
Melting is not detected in curves, B, C, D and E, and these samples can therefore be
regarded as amorphous. Cufvewhich relates to a CLP:Aerosil 200 ratio of 9:1 icades T,
at 169.5°C, which means the recrystallization of CLP. Accordingly, this amount of
crystallization inhibitor is not sufficient to maintathe active agent in amorphous form. For

this reason, a CLP:SiQatio of 7:3 was chosen for tablet formulation.
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FIGURE 12: Effects of crystallization inhibitors on the crytaty of CLP. DSC curves of
reference materials and samples made with differentadligation inhibitors.A: Crystalline
reference sampld3: amorphous reference sampl&, sample with mannitolD: sample with
kaolin, E: sample with MCCF: sample with PVP K25G: sample with PVP ICL-M, H:
sample with methylcellulosé; sample with Syloid 72 FP, add sample with Aerosil 200.
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FIGURE 13: DSC curves of samples containing Aerosil 2R0Reference (crystalline CLP),
B: CLP:SiG=1:9,C: CLP:SiGQ=3:7,D: CLP:SiG=1:1,E: CLP:SiO=7:3,F: CLP:SiG=9:1.
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5.5 Amorphization in scaling-up processes

The next step was to stabilize amorphous CLP orstitace of the carrier. In this

system, MCC was used as the carrier, which servesfiélertbinder in tablet making. In

Sample 1, an alcoholic solution of CLP was vapouriaei the surface of a mixture of MCC

and Aerosil 200. With this preparation procedure, theger underwent considerable outflow

from the pan (powder effusing or dusting). The yieldnaf preparation was only 64.8%. For
Sample 2, only MCC was added to the pan. The mixafr€LP and Aeroi$ 200 was

dissolved in ethanol (96% v/v) and vapourized anddCC bed. The yield of this preparation

method was 85.2%, clearly indicating that the prsicgsof Aerosil 200 in the liquid phase is

more advantageous. The DSC scans of both samples giysical mixture Kigure 14)

demonstrated that the CLP in both samples was i@ phous form (in contrast with the

situation for the physical mixture) because there vaasign of T, in the curves.
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FIGURE 14: DSC curves of physical mixture and Sample 1 andgBa&A: Physical

mixture,B: Sample 1C: Sample 2

To verify H-bonding between the silanol groups oé therosil 200 and the CLP

molecules, we compared the FT-IR spectra of Sampledthe corresponding physical

mixture Figure 15). In the interval of 900-600 ch spectrumA contains vibrations relating



35

to deformation of C structure. These bands are markestisedsed in spectruBy indicating
that the product is in the amorphous state. On therohand, it also demonstrates the

presence of chemical bonding in the product.

Absorbance
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FIGURE 15: FT-IR analysis of Sample 2 and the corresponding phlysiodure. A:

Physical mixtureB: Sample 2.

To confirm the chemical bonding, we measured Saplalifferent concentrations in
solution Figure 16). In the interval 11001000cm®, spectrum A reveals extensive
association. On dilution of the sample, this asgom progressively breaks down (spedta
C, D and E). Between 1058 and 1036n" two bands appeared, reflectingsC-O-C
stretching (indicative of acetates). The band at 1088 shifted to 103&m* on dilution,
demonstrating the break-down of the associations@hesults confirm the presence of H-
bonding in the solid Sample 2. The different statégshe samples lead to the different
positions of the bands. Spectrifrshows that dichloromethane does not give a signdiis

interval.
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FIGURE 16: FT-IR analysis of Sample 2 at different concentrationsoint®ns containing
dichloromethaneA: Solid Sample 2B: 0.1000 g sample it0 cm® of solution C: 0.0500g
sample inl0 cn? of solution,D: 0.0250 g sample ih0 cn? of solution E: 0.0125 g sample in

10cn of solution,F: dichloromethane.

In the study of the stability of amorphous CLP, Sanipénd Sample 2 were stored for
4 weeks at 28C and 60% RH. The results revealed that the stored samples mecham the
amorphous phase. The findings of accelerated teshting/ed that, when Sample 1 was stored
in either open or closed containers for 4 weeksciugted crystalline material. For Sample 2,
only the sample stored in an open container indwderystalline phase.

To investigate the chemical stability of Samplé-P5IR analysis was used. The FT-IR
spectra showed that there were no chemical changée isamples stored either in open or in

closed containers. All of the peaks were the samthénfresh and in the stored samples

(Figure 17).
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FIGURE 17: FT-IR investigation of the fresh and stored Sampl&2Fresh Sample,B:

Sample 2 stored &0°C, 75% RH, in an open container for 4 weeks Sample 2 stored at

40°C, 75% RH in a closed container for 4 weeks.

It can be concluded that the procedure applied forptleparation of Sample 2 is
better, and this product is more stable than Sampla Sample 2, the gel structure of the
CLP/Aerosil 200/ethanol system extends the adherehttee CLP/Aerosil 200 system on the
surface of MCC. There is a H-bonding interaction betwg¢he surface silanol groups of
Aerosil 200 and the hydroxy groups of MCC on the MC®asie (Jonat et al., 2006). This
interaction can come into existence more easilyhm liquid phase (Samp® than in the
solid phase in the case of simple mixing (SampleFor these reasons, the amorphization

procedure used for Samplens applied in tablet making.

5.6 Preparation and investigation of tablets

The amorphization procedure applied for Sample 2usad to make 1000 tablets (see
Table VII).

Both fresh and stored tablets were investigatedthin thermoanalytical study, a
physical mixture of the tablet components was ats@stigated because of the presence of
the crystalline phase of CLP. The DSC curves are tipia Figure 18. The slight enthalpy

changes detected in cureindicate that this sample may contain a little talfismie phase.
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This sample was stored at 4D and 75% RH in an open container for 4 weeks. Curdes,

C, D andF do not reveal any crystalline phase in the syst€he XRPD investigations
resulted in constant data. The fingerprint of CLP dat appear in the diffractograni
feature of importance for tablet making was that théase area of the amorphous product

decreased, which was another stabilizing step iriaitreulation.

Aexo
I A
\
B
5
mwW C

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190°C

FIGURE 18: Stability of tabletsA: Physical mixtureB: fresh productC: sample stored at
25°C, 60% RH, in an open container for 4 weekx sample stored at 2%, 60% RH in a
closed container for 4 weekis: sample stored at0°C, 75% RH, in an open container for 4

weeks F: sample stored at 4C, 75% RH, in a closed container for 4 weeks.

The physical parameters of the fresh and store@tsahblre reported iable I X. The
change in mass of the tablets was greatest for thettastored in an open container for 4
weeks under accelerated conditions {@075% RH). As the mass of these tablets increased,
the diameter and height also increased. In the aih®es, the changes were negligible. The
hardness against pressure of the tablets decreasdbtdases, most strongly for the tablets
stored in open containers. The time of disintegradilso decreased in all cases, and again the

most considerable changes occurred for the tabletglstorgpen containers. These results are
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in harmony with the fact that amorphous materials lygroscopic. In these changes, the

presence of Polyplasdone XL 10, as superdisintegaést plays an important part.

TABLE I X: Investigation of tablet parameters

Hardness | Disintegration
Tablets Mass Diameter Height against time
(9) (mm) (mm) pressure (s)
(N)
Fresh 0.4060 12.10 3.50 93.4 86
(SD=%0.003) | (SD=%0.060) | (SD=%0.023) | (SD=£2.67) (SD=+£27)
Stored at open 0.4097 12.13 3.55 70.4 30
25 °C and (SD=+0.004) | (SD=+0.050) | (SD=%0.032) | (SD=+3.63) |  (SD=+13)
60% RH for 4 | closed 0.4078 12.12 351 83.6 54
weeks (SD=+0.004) | (SD=%0.054) | (SD=+0.027) | (SD=43.37) |  (SD=x13)
Stored at open 0.4106 12.24 3.69 65.8 6
40 °C and (SD=%0.003) | (SD=+0.038) | (SD=%0.016) | (SD=£2.74) (SD=+4)
75% RH for 4 | closed 0.4060 12.10 3.53 84.8 79
weeks (SD=%0.003) | (SD=+0.009) | (SD=+0.021) | (SD=3.79) |  (SD=+16)
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6 PRACTICAL ASPECTS

The amorphization of CLP as a model API was studiglets containing amorphous
CLP were produced, and the stability of the produecs tested. On the basis of our study, the
following approaches can be suggested for the preparafiagifferent solid dosage forms
with amorphized API. There are two different methods far preparation of amorphous
products.Figure 19 outlines the general differences between these twoedures. The
second way can be defined as 'in-process' amorpinizdtecause the classical technological

formulation process is combined with amorphizatibthe API.

Crystalline drug materials

|

Amorphization

Production of the dosage form
by 'in process' amorphization

Production of the basic material]

Amorphous API (pure drug Amorphous drug material with additives
material) (crystallization inhibitor agent)

v

F S

Excipients for the preparation of the
dosage forms (filler, binder agents, etc.)

-~
v

Processes for the preparation of the
dosage forms (milling, pressing, etc.)

Solid dosage forms:
lgranules, capsules and tablets

FIGURE 19: Two ways to produca solid form of an amorphized API

In the light of our results, the following amorphizatigprotocol was developed

(Figure 20):

- In the first step, a suitable solvent for the APbwdld be selected. In this step, it is very
important that the crystalline API should dissolvenptetely: any crystals remaining in the

system can function as seeds and crystallizatiarstart during evaporation of the solvent.
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- In the second step, a suitable crystallizatidmhnor should be selected and the optimum
amount of this auxiliary agent required to maintdie API in amorphous form should be
determined. In this step, several crystallizatiombitors should be screened and, if possible,
the type of interaction between the API and the aamilagent should be investigated.

- In the third step, the amorphization process masdaled up.

- In the fourth step, the amorphized API should ladiBzed on the surface of a carrier. This
is an important step in this protocol, because tiR, Ahe crystallization inhibitor and the
carrier act together in this system to result in stabb@rphous API during the technological
process.

- In the fifth step, the external phase of the tebkhould be mixed with the amorphized
product. The mixing must be performed very carefllgcause mechanical force can induce
recrystallization.

- In the sixth step, the tablets should be pregSethpression can be a further stabilizing step,

fixing the amorphous form because of the smallerasexf

<Protocol of 'in process' amorphizatio@
with solvent method

Step 1 Selection of suitable solvent

Step 2 Selection of a suitable crystallization
inhibitor, and the optimal
API:crystallization inhibitor ratio

Step 3 Amorphization in scaling-up

Step 4 Stabilization of amorphized API
on the surface of a carrier

Step 5 Mixing with external phase of tablets

Step 6 Making tablets

FIGURE 20: Protocol of in-process' amorphization.
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7 SUMMARY

Our first aim was to investigate the literature baokgd of pharmaceutical
amorphization. In this part of this work, the poddikis and the methods of glass formulation
were assembled. Many examples were collected étatted to solvent, hot-melt and milling
technology. Some very well-knowfiequently amorphized APIs appeared in all meth&ds.
example, the amorphous form of indomethacin is @indne most widely investigated active
agents in this field. Materials were categorized tgroups as concerns their amorphization
ability: poor and good glass-formershd@methods of solid-state analysis with which glassy
materials can be measured were considered.

In the experimental part, CLP was the model API agglethe amorphization. First,
we characterized the glassy property of this API. R, it was necessary to produce a pure
amorphous form of CLP without any auxiliary agentlvBot technology was applied and we
chose the most suitable solvent for the procedureC Drfeasurement was the appropriate
method through which to characterize theahd T of CLP. The quotient gIT, of CLP was
0.80, and accordingly this API can be classified geod glass-former.

In the following step, preliminary stability testingas performed. We tested pure
glassy CLP from the aspect of recrystallization. \eind that after about 1 month
recrystallization started, a crystalline fraction appeain amorphous samples. Because of
this observation, the following step of the devetgmt was to identify a suitable
crystallization inhibitor.

A wide range of auxiliary materials were tested gsstallization inhibitors. These
materials can be classified as crystalline, semiahyse and amorphous agents. The DSC
investigations suggested that Aerosil 200, as anowpthydrophilic SiQ was fixed and
stabilized CLP in glassy form. The gelling propertyAsrosil 200 in ethanol helped in the
stabilizaton of the product. We confirmed the pneseof H-bonding between CLP and the
silanol groups of Aerosil 200 by FT-IR analysis. Theceandary bonding means further
stabilization of the amorphous product. We thenetksthe required amount of the
crystallization inhibitor. The APIl:auxiliary materialatio chosen was 7:3, and in the
subsequent studies this ratio was applied.

In the scaling-up process, this amorphous productfiwed on the surface of MCC, as

a carrier. This step involved a 28-fold scaling-up. Wged two different preparation methods.
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The better method from the aspects of both the yistdtihae stability of the product was when
Aerosil 200 was in an alcoholic solution of CLP ayave a gel in it was.

We compressed this intermediate prodoti tablets with suitable auxiliary agents (as
the external phase of the tablets) in another scaljmgA/e produced 1000 tablets and tested
them fresh and after storage. We observed thatribédosage form exhibited better stability
from the aspect of recrystallization. This was attirdal to the decrease the surface area of
the amorphous product.

Finally, summarizing our results and experience, deeised two amorphization
protocol procedures:

- production ofa basic pure amorphous product without additives, and

- production ofa final dosage form containing amorphous Awith ‘in-process’

amorphization.
We introduces the scientific terfin-process’ amorphization, into the literature. The general
steps were presented in a summarizing figure andootentially be applied successfuily

both scientific and industrial fields.
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Amorfizalas a gyégyszer-technolégidban
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Summary

Révész, P., Laczkovich, O. and Erds, I.:
Amorphization in pharmaceutical technology

The amorphization of crystalline active ingredients may be
necessary because of the polymorphism of the active substance,
the poor water-solubility of the drug material, difficult process-
ing in the crystalline form and the taking out of a patent for a
new (amorphous) form. This article introduces protocols for
amorphization, which use methods traditionally applied in phar-
maceutical technology. The protocols involve three possible
routes: solvent methods, hot-melt technologies and milling pro-
cedures. With this presentation, the authors suggest help for
practising experts to find the correct amorphization method.

Osszefoglalds

Kristdlyos hatéanyagok amorf formiba hozataldt indokolhat-
Ja a hatéanyag polimorfidra vald hajlama, a farmakon rossz viz-
oldékonysdga, kristdlyos formdban torténd nehéz feldolgozhatd-
sdgn valamint eqy 1tj (amorf) forma szabadalmaztatisa. Az dsz-
szedllitds bemutat egy amorfizildsi protokollt, amely a gyégy-
szer-technologidban hagyomdnyosan haszndlt mddszereket vo-
nultatja fel. A protokoll hdrom lehetséges titvonalat jelol meg: az
olddszeres eljirdsokat, az olvadék technolégidkat és az Orléses
modszereket. A szerzdk ezzel az Osszedllitdssal segiteni szeretnék
a gyakorlé szakembereket a helyes amorfizdldsi technolégia kivd-
lasztisdban,

Bevezetés

Az amorf forma létjogosultsaga kozismert, hi-
szen széles korben alkalmazzdk az ipar kiilonb6z6
teriiletein. Ezek az ipari teriiletek tobbek kozott a
mianyagipar, a textilgyértds, az élelmiszeripar, a
félvezetdk elGallitdsa, a kerdmiagyartas, az optika-
ilag aktiv anyagok (optikai tivegek) elgéllitdsa és
természetesen a gydgyszeripar is.

Az amorf kifejezés formatlan, alaktalan, rende-
zetlen térbeli elrendez&désti, nem kristalyos anya-
got jelent. Egyrészrél amorf lehet egy térhalos po-
limer, masrészrdl a kristdlyos anyagok hozhatdk
amorf, vagy mas néven tiveges dllapotba. A krista-
lyos anyagoknak amorfizaldsi szempontbol két
csoportja van: a konnyen livegesedd anyagok
(.good glass formers”) és a nehezen iivegeseds
anyagok (,poor glass formers”). A szerves moleku-
lak &ltaldban kifejezett szerkezeti flexibilitdssal
rendelkeznek, ami a kristdlyosodas visszaszorulé-
sét eredményezi, ez pedig konnyebb amorfizélast
tesz lehetévé [1].

Az amorf forma gyégyszerészeti alkalmazdsa

Az amorf forma minden elényével és hatranya-
val, valamint az amorfizdlds nem ismeretlen a

gyogyszerforma fejlesztdk el6tt. Az utdbbi idében
azonban a gydgyszerészetben haszndlatos krista-
lyos anyagok amorfizdldsa oridsi lendiiletet vett,
mivel bizonyos esetekben csak ez a médszer ve-
zethet eredményes gyogyszer-formulaldshoz vagy
éppen a gazdasdgossagi szempontok figyelembe-
vétele (pl. szabadalmi bejelentés) dominal. Altala-
ban az aldbbi esetekben indokolt a gydgyszer-
anyagok amorfizalasa:

(1) Polimorfidval rendelkez6 hatéanyagok. A kiilon-
bz6 polimorf médosulatok, amelyek eltérd fizikai-
kémiai tulajdonsagokkal rendelkeznek, egymasba
alakulhatnak, megvaéltoztatva ezzel tobbek kozott
oldékonysdgi tulajdonsdgukat, préselhetdségiliket
és nem utolsd sorban bioldgiai hatdsukat [2]. Az
amorf formaba hozatal megakaddlyozhatja az
egyes polimorf modosulatok egymasba alakulasat.

(2) Kristdlyos formdban nehezen feldolgozhaté hatd-
anyagok. Az esetek tobbségében megfigyelhetd,
hogy az amorf forma sokkal jobban préselhetd,
mint a kristdlyos alak, ami elsésorban az amorf
forma nagyobb deformacids készségével, s az eb-
bél ad6d6 nagyszamu formazérd kotés létrejotté-
vel magyarazhaté. Mds szempontbdl, nagy jelen-
t6sége van az amorf formanak az alacsony olva-
dasponti kristalyos farmakonok préselése esetén.

(3) Rossz vizoldékonysiggal rendelkezé hatéanya-
gok. Az amorfizalds az oldékonysag-novelés egyik
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modja. Amorf formdban jobb a hatéanyagok oldé-
konysédga, mert nincs racsenergia, ami termodina-
mikai gatja az old6dédsnak, mert molekuldris szin-
ten a lehet6 legnagyobb mértékben lecstkken a
hatéanyag részecskemérete és egy hidrofil karak-
terti kristalyosodast gatlé segédanyag alkalmaza-
saval nemcsak az amorf forma stabilizalhatd, ha-
nem az anyag nedvesedése is fokozhaté [3].

(4) Lejdrt védettségil hatéanyagok tijboli szabadal-
maztatisa. Ez egy gazdasdgi szempontbdl jelentos
kérdés, hiszen a gyogyszer-technolégiai médsze-
rekkel torténd amorfizélas 1j lehetéséget nytjt a
hatéanyag amorf formdban torténd bejelentésére
(szabadalmaztatdsdra) és kiillonboz6 gyogyszer-
formak fejlesztésére.

Amorfizélasi protokollok

A szerz6k célul tlizték ki egy olyan amor-
fizdlasi protokoll kidolgozédsat és bemutatdsdt,
amely segitséget nytjthat mindazoknak, akik ha-
sonlé céllal kezdenek bele egy munkéba. A proto-
koll osszeallitdsat részben irodalmi adatok, rész-
ben pedig sajat gyakorlati tapasztalatok segitették.

A teljesség kedvéért meg kell jegyezni, hogy az
amorfizalas alapvetSen két kiillonboz§ szinten tor-
ténhet. Az elsé esetben maga az alapanyaggyarto
amorfizal és eleve amorf formédban hozza forga-
lomba az illeté anyagot. Bizonyos anyagok eseté-
ben ez jol jarhato 1t (pl. 6rolt celluléz), de vannak
olyan anyagok amelyeknél stabilitdsi problémék
meriilhetnek fel (pl. alfa-laktoz). A hatdanyagok
nagy részénél viszont nem is alkalmazhat6 ez a
megolddas az azonnali rekrisztallizdcié miatt. llyen
esetben a mdsodik szint 1ép miikodésbe, azaz a
gyogyszerforma fejleszté amorfizal 1in. gyogyszer-

technolégiai modszerek és segédanyagok (krista-
lyosodést gatlék) alkalmazasaval. Mivel egyre na-
gyobb az igény az amorf forma irdnt, igy nyugod-
tan kijelenthetd, hogy bizonyos hatéanyagok eseté-
ben csak a mdsodik szint jelenthet megoldast az
amorf forma megjelenitésére és megtartdsara.

Az amorfizdlas kiinduldsi szempontja a hato-
anyag fizikai tulajdonsagainak a felderitése. A tulaj-
donsdgok alapjan harom lehetséges titvonalat kii-
l6nboztetiink meg: az olddszeres eljardsok, az olva-
dék technolégidk és az Grléses technolégidk lehetGsé-
gét. Ez a felsorolds egyfajta sorrendiséget is jelent a
helyes amorfizaldsi mod megvélasztdsdban (1. dbra).

Oldoszeres eljdrdsok

Ebben az esetben kozponti kérdés az anyag
oldékonysédga és a megfelel6 old6szer kivalaszta-
sa. Az olddszer kivélasztdsanal feltétlentil figye-
lembe kell venni az olddszer veszélyességi fokat.
Ha csak olyan olddszert taldlunk a hatéanyag ol-
datba vitelére, amelyik a 1. veszélyességi osztdly-
ba tartozik (pl. szén-tetraklorid), akkor el kell vet-
ni az oldészeres eljaras lehetdségét, és az olvadék-
technologiat kell preferdlni. Szerencsés esetben
poléris vagy szemipoldris olddszerekkel dolgoz-
hatunk, pl. viz, az etil-alkohol (kiilénb6z6 higita-
sokban), metil-alkohol stb. Igen fontos szempont,
hogy a hatdanyag maradék nélkiil feloldédjon az
adott oldoszerben. Amennyiben kristdlyok ma-
radnak a rendszerben, igy azok az oldoszer elpa-
rologtatdsa sordn, a tiltelitési fazisban, oltdkris-
talyként beindithatjak a gocképzddést. A kiterme-
1és érdekében a hdmérséklet emelésével és koszol-
vensek alkalmazasdval fokozhato az anyag oldha-
t6sdga. Amennyiben lehetséges, tobbféle olddszer-

MegfelelS oldoszer

-~ | Olddszeres eljarasok

Kristalyos anyag
fizikai tulajdonsagai

kivalasztasa

Olvadaspont

Y

meghatarozasa

Anyagi tulajdonsdgok

vizsgalata (ridegség,
plaszticitas)

1. dbra. Amorfizildsi protokollok

Olvadék technolégidk

Orléses technologidk
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rel célszerfi inditani a vizsgalatot, ugyanis vannak
oldészerek, amelyek beépiilnek a kristélyracsba és
eldsegitik az livegesedést.

A kovetkezs 1épés a kivalasztott oldészer-
rel /oldészerekkel készitett oldatbdl az oldészer
gyors eltdvolitdsa. A gyorsasag azért fontos, mert
ezzel megakadalyozhat¢ a kristdlyrdcsok felépiilé-
se. Ez az oldat a hatéanyagon kiviil semmilyen se-
gédanyagot nem tartalmazhat. Az igy nyert ter-
méket célszerii azonnal és 24 6ra miilva megvizs-
galni amorf tartalom szempontjabol. Szerencsés
esetben az anyagnak van egy ,amorfizal6é oldé-
szere”, amely részben vagy egészében amorf for-
mat eredményez. Kevésbé szerencsés esetben mar
az azonnali vizsgalattal is a kiinduldsi kristalyokat
azonositjuk. Folytatdsként, mindkét esetben java-
solhaté kristalyosodast gatld segédanyagok alkal-
mazasa, amelyek nemcsak az amorf forma kialaki-
tasat, de annak megtartdsdt is segithetik.

Az oldészer eltavolitdsidra hdrom lehetSség ja-
vasolhat6 (2. dbra).

Az elsé a h6mérséklet emelésével torténd oldo-
szer elpdrologtatds. Itt is (ahogyan az olvadék-
technolégidknal is) figyelembe kell venni, hogy
milyen magas hémérsékletet visel el a hatéanyag
bomlés nélkiil. Javasolhatd a bepérlas és a desztil-
1414s pl. rotacios desztilldlék alkalmazasaval. Ezek
az eljarasok elsGsorban a termékfejlesztés fazisé-
ban javasolhatok.

A mésodik lehetdség a nyomas csokkentése al-
tal valésithaté meg. Itt technolégiai megoldasként
a vakuum beparlds, a vdkuum granulélds ¢és a lio-
filezés (vakuum szublimalds) emlitendd meg. A li-
ofilezés biztosan amorf format eredményez, mivel
a jég szublimaltatdsa a rendszerbdl igen gyors ol-
dészer-eltavolitast jelent. Alkalmazdsanak egy-
részt az szab gatat, hogy csak akkor alkalmazhato,

ha az oldokozeg desztillalt viz vagy hig vizes ol-
data az etil-alkoholnak, mdsrészt pedig csupén kis
mennyiség amorf anyag elGéllitdsara alkalmas,
tehat nem hasznalhato ipari méretii amorfizéldsra.
A modszer azonban nem elhanyagolandé, hiszen
amorf referencia-anyag elGéllitdsdra rendkiviil j6l
felhaszndlhato.

A harmadik 1t a porlasztdsos megoldds. Ez a
modszer mdr nagyobb mennyiségii amorf anyag
elallitdsdra is lehetdséget nytjt. Az olddszer en-
nek a modszernek is akaddlya lehet, hiszen ha gyu-
l1ékony, porlasztdsa nehézségekbe litkozhet. A ha-
téanyag oldatdnak porlasztisa alapvetden kétféle
médon torténhet. Az egyik lehetSség a porlaszta-
sos szdritds (spray drying), amely gyorsasdgdbdl
adéddan biztosan amorf formét eredményez. A se-
gédanyagot nem tartalmazé porlasztva szdritott
termék kivald referencia anyag lehet. A termék sta-
bilitdsat azonban célszeri kristdlyosoddst gatld
anyagokkal biztositani. Ezek lehetnek olyan térha-
16s szerkezetii makromolekulds anyagok, amelyek
a hatéanyaggal egy iddben oldatba vihet6k, de le-
het olyan maganyag is, amelyet szuszpenddlunk a
hatéanyag oldatdban és porlasztds sordn a mag-
anyag feliileti sajatsdgai segitik az amorf forma
megtartasat. Ez utébbi megoldas kiilonodsen akkor
elényds, ha a termék tovabbi feldolgozasa szem-
pontjabdl (pl. tablettdzas) annak folydsi paraméte-
rei meghatdrozéak. A porlasztdsos technolégia ma-
sik lehetGsége a mozgd pordgyra torténd oldat fel-
vitel pl. fluidizécids eljards alkalmazésaval. A por-
agy szerepét tolt6- és/vagy kotGanyag egyarant
betodltheti, attdl fliggden, hogy milyen gyogyszer-
forméat kivanunk elGéllitani az amorfizalt termék-
bdl. Erre a célra kivdloan alkalmas pl. az 6rolt vagy
mikrokristdlyos celluléz. A modszer jellegébdl
adédoan feltétleniil javasolt kristdlyosodést gatlé

Y

Hoémérséklet emelése
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Desztilldlas
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segédanyag alkalmazasa. A biztosabb amorfizalas
érdekében, amennyiben lehetGség van ré, a segéd-
anyagot is oldjuk fel a hatéanyag oldataban, s ezt
porlasszuk rd a maganyagra. Célt érhetiink el ab-
ban az esetben is, ha a maganyaghoz keverjiik szi-
lard é&llapotban a kristalyosodést gatlo segédanya-
got, s az igy nyert porkeverékre porlasztjuk ra a
hat6anyag oldatat [4-7].

Olvadék-technoldga (Hot-melt technology)

Ennél a médszernél elséként meg kell hataroz-
ni az olvadaspontot és a bomlds nélkiil tolerdlhato
maximalis hdmérsékletet. Ezek utan két lehetGség
adodik. Az elsének feltétele az, hogy a hatéanyag
megolvadésa ne okozza annak bomlasét. igy meg
lehet olvasztani az anyagot, majd az olvadék hir-
telen dermesztésével kialakithat6 az amorf forma.
A masodik lehet8ség, amikor a segédanyagot ol-
vasztjuk meg, és annak olvadékdban oldjuk fel a
hatéanyagot. Itt is, akdrcsak az olddszeres mod-
szernél, elengedhetetlen a hatdanyag tokéletes ol-
désa. Sziikség esetén feliiletaktiv anyagok alkal-
mazasa is indokolt lehet. Az olvadék hirtelen der-
mesztése, valamint kristdlyosodast gatlé segéd-
anyagok alkalmazésa ebben az esetben is igen fon-
tos az amorf forma el6allitasa és stabilitasa szem-
pontjabol. Nagyobb mennyiségii termék elSallita-
séra, gyogyszer-technolégiai modszerként, az ol-
vadék extrudaldsa és a cseppben torténd olvadék-
dermesztés javasolhato (3. dbra) [4, 7-10].

Orléses technoldgia (Milling technology)

Az Orléses technoldgia elméleti alapja abban
keresendd, hogy kiilsé behatédsra a kristalyt dssze-
tartd erd (kohézids erd) ellendllast fejt ki az alak-
véltoztatd erékkel szemben. A rugalmassagi hata-
ron til azonban a kristalyrdcsban maradando el-

mozdulas kovetkezik be, ami a kristdlyos allapot
megsziinéséhez vezethet. Ez lehet reverzibilis, de
lehet irreverzibilis valtozas is. A rekrisztallizaci6t
ebben az esetben is megakadélyozhatjuk segéd-
anyagok alkalmazdsaval.

Az Grléses technoldgia kiindulasi lépése a far-
makon anyagszerkezeti tulajdonsdgainak megis-
merése. Kozismert, hogy minél ridegebb, toréke-
nyebb egy anyag vagy sok kristdlyhibaval rendel-
kezik, anndl inkdbb eredményes lehet az Grléses
modszer. Az anyagok keménységi értéke, amely-
hez a Mohs-féle keménységi skala ny1ijt segitséget,
szintén fontos informacié a megfelels 6rl6 beren-
dezés kivalasztdsdhoz [11].

Az egyszer(ibb megoldasok kozé tartozik a go-
lyés-, illetve a hengermalomban torténd 6&rlés,
azonban lehetdség van vibrdciés malom alkalma-
zdasdra is (4. dbra). Ez utdbbi, az intenzivebb 6rlé-
hatasnak koszonhetSen, lényegesen lerdviditi az
6rlés idGtartamat. Itt is két lehetdség adott. Egy-
részt 6rolhetd a hatéanyag donmagédban, mésrészt a
hatéanyag és a segédanyag egylittes 6rlése is ered-
ményes lehet. Ez a moddszer szilard diszper-
zi6t/oldatot eredményez. Elvi alapja rokon az ol-
vadék-technolégiakkal. Az &rlés hatasdra torténd
energiakozlés nemcsak a kristalyracs felszakada-
sat okozhatja, de helyi olvadést is elSidézhet a
rendszerben. Kiméletesebb héterhelést jelent, mint
az olvadék-technologidk modszere [12-15].

Stabilitas

Mint ismeretes, az amorf dllapot egy magasabb
energiaszintet jelent, mint a megfeleld kristdlyos
forma. Ezért a termodinamika tdérvényeinek meg-
felelen az amorf anyagok onmagukban rovidebb
vagy hosszabb idé alatt visszakristdlyosodnak.
Stabilitdsuk fokozédsa érdekében a kovetkezd lehe-
téségeink vannak: megeldzni a kristdlyosoddst se-
gédanyagok segitségével (pl. polivinil-pirrolidon,

Kristalyos anyag
megolvasztdsa

———= | Olvadék dermesztése

Olvadék technologiak

Kristalyos anyag
»| olddsa a segédanyag
olvadékiban

Olvadék dermesztése
Olvadék extrudalasa
Olvadék dermesztése
cseppben

3. dbra: Olvadék technoldgidk
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celluléz-éterek, cukrok, cukoralkoholok, szilicium-
dioxid szarmazékok), megeldzni a kémiai bomlast
és a mikrobdk elszaporodasét (antioxiddnsok, puf-
ferek, tartositoszerek) [1] és megfelel§ tarolasi ko-
riilmények valasztasa, annak érdekében, hogy a le-
jarati id6 megfelelen hosszi lehessen.

Az amorf forma vizsgélata

Mig a kristalyos anyagok legjellemzébb tulaj-
donsaga az olvaddspont, addig az amorf forma
egyik legjellemzébb paramétere az tivegesedési
hémérséklet, roviditve T, (,,glass transition temper-
ature”). Az amorf anyagoi nem olvadnak meg, ha-
nem ezen hémérséklet alatt kemények és toréke-
nyek (akércsak az tiveg), folotte pedig meglagyul-
nak. Egy amorf anyag tobb T, értékkel is rendel-
kezhet. A T, értékének kiszamitdsdra vonatkozo
matematikai 0sszefiiggés ismert, meghatarozasara
kisérletes tton pedig a DSC (Differential Scanning
Calorimetry) alkalmas.

A matematikai Osszefliggés, melynek segitsé-
gével megadhat6 a T, értéke az tun. Gordon-Taylor
egyenlet [3]:

[(Wl 'Tg1)+(K'W2 ‘ng)]
[ + (&K - w, )]

T, (mix) =

2

Pr- Tg]
P TgZ
T,=a komponensek iivegesedési hdmérséklete és
p = amorf stirliség.

A DSC vizsgédlat minden entalpia-véltozassal
jaré szerkezeti dtalakulds jelzésére alkalmas. A fel-
vételeken altalaban ,lépcsSként” jelenik meg az
uvegesedési hémérséklet.

A T, meghatérozasdra empirikus tton is lehe-
t6ség van. Egyes irodalmi adatok szerint 2/3-a,
4/5-e a megfelel6 kristdly olvaddspontjanak K-
ben kifejezve [1]. Més irodalmi adat szerint a meg-

ahol K =

, w= a komponensek tomege,

felel§ kristaly olvaddspontjanak 0,7-szerese K-ben
kifejezve [3].

A DSC vizsgalat mellett az amorf forma szerke-
zeti vizsgalatdra még a réntgen diffrakcids vizsga-
latokat (X-Ray), a Furier Transzforméciés Infravo-
ros Spektroszkopiat (FI-IR), a Kozeli Infravords
Spektroszképiat (NIR) valamint a Solid State Nuc-
lear Magnetic Resonance (SSNMR) vizsgalatot hasz-
naljak ellen&rzési céllal.

Amorfizélt hatéanyagok, amorfizalasi médszerek

Az irodalomban szamos hatbéanyag fellelhetd,
melyeket mér valamilyen mdédszerrel amorfizal-
tak. Az elzGekben bemutatott amorfizalasi proto-
koll harom utvonalat kovetve a I. tdblizat tartal-
maz néhadny konkrét példat ezen hatdéanyagok ko-
rébdl a megfeleld irodalmi hivatkozasok feltiinte-
tésével egyltt. A tadblazatban bemutatott példdk is
igazoljak a gyoégyszer-technoldgiai médszerek 1ét-
jogosultsdgat a kristilyos hatéanyagok amor-
fizdlasdban. Remélhetéleg az itt bemutatott eljara-
sok Uj utakat, lehet8ségeket jelentenek a kiilonbo-
zG gyogyszerformak fejlesztése tertiletén.,
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on diffusion using experimental design for constructing and
evaluating the investigations.

Result: Diffusion of the active agent using Franz-type
cell is determined by several parameters. The size and
the size distribution of cochleates is extremely important
which influences the dissolution rate. Evaluating the inves-
tigated parameters we can establish the relationship between
diffusion and the size and the polydispersity index of
cochleates.

Conclusion: The preparation methods of cochleates, the
ultrasonication of liposomes and after then the dropwise addi-
tion of calcium chloride solution can affect the diffusion of
the active agent from cochleates. During our experiments we
could observe important and process factors that could be
used to optimize the diffusion from these lipid based nanos-
tructures.

doi:10.1016/j.ejps.2007.05.036
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Protocols for amorphization of crystalline solids through the
application of pharmaceutical technological processes
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The amorphization of crystalline active ingredients may be
necessary because of the polymorphism of the active sub-
stance, the poor water-solubility of the drug material, difficult
processing in the crystalline form and the taking-out of a
patent for a new (amorphous) form. The amorphization pro-
cess cannot be applied for most pure materials because
of stability of the amorphous form (re-crystallization). In
this case, the pharmaceutical technological methods with
the application of carriers as a crystallization inhibitor
agents can be helped the development of the amorphous
form.

The aim of this work was the development of the protocols
for amorphization processes, which are traditionally applied
in pharmaceutical technology. The first step in the amorphiza-
tion is the investigation of the physical properties of the active
agent. Depending on the properties, three possible routes can
be suggested: the solvent method, after the finding of a suitable
solvent; hot-melt technology, after determination of the melt-
ing point and the maximum temperature that the agent can
tolerate without decomposition; and milling technology. This
listing implies a certain sequence in the choice of the correct
amorphization route.

To the development of the protocols, the authors used
different methods (granulation, solidification in drop, fluidiza-
tion, spray-drying, etc.), different crystalline active agents
(meloxicam, ibuprofen, nifluminic acid, etc.) and some crystal-
lization inhibitors (polymers, carbohydrates, silica derivatives,
etc.). The protocols contain the critical points of the processes
(evaporation rate of organic solvent, heating and cooling rates
of melted materials, etc.).

With this work, the authors would like to help the experts
in the practice to find the correct amorphization method.
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Stabilization of camptothecin in PLGA nanoparticles
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Objective: The purpose of this study was to develop and
characterize poly (lactic-co-glycolic acid) (PLGA) nanospheres
of camptothecin (CPT):hydroxypropyl-beta-cyclodextrin (HP-
beta-CD) inclusion complex to stabilize anticancer drug
CPT.

Method: Nanospheres were prepared according to the nano-
precipitation method developed by Fessi et al. Pluronic F68 and
CPT:HP-beta-CD inclusion complex were accurately weighed
and dissolved in deionized water (15 ml). PLGA was dissolved
in acetone (5ml). Organic phase was then added to the aque-
ous solution under moderate magnetic stirring. Acetone was
eliminated by evaporation under reduced pressure. Parti-
cle size and zeta potential measurements were performed
by Malvern Zetasizer (Malvern Instruments, UK). Scanning
Electron Microscope (Jeol-SEM ASID-10, Japan) and Atomic
Force Microscope (Q-Scope™ 350Multimode Quesant Instru-
ment, USA) were used to evaluate surface characteristics
of resulting nanospheres. Unbound drug in the nanosphere
dispersions was separated by centrifugation at 5000rpm
for 15min. Resulting nanospheres powder was dissolved in
dimethyl sulfoxide, then analyzed by HPLC for the encapsu-
lated drug quantity (r?=0.9999). Release kinetics of the drug
from the nanosphere was determined in 100ml of isotonic
PBS (pH 7.4) containing 0.1% Tween 80 providing sink con-
ditions in a thermostated shaker bath system at 37°C with
the dialysis technique (Spectra/Por Cellulose Ester Membrane
MW(CO0:100,000 Da, Spectrum Labs, Rancho Dominguez, CA).
At predetermined time intervals, samples were withdrawn
from the system and replaced with equal volume of fresh
release medium.

Results: Mean diameter of nanosphere was 187 nm with
polydispersity indices below 0.2. Zeta potential value was
almost neutral, —0.057 mV. Examination of photographs of
the nanospheres revealed that the surface were smooth and
spherical. The encapsulation efficiency was about 3%. In vitro
release characteristics of the nanospheres showed that PLGA
nanospheres provided controlled release and reduced burst
effect with a release profile of up to 48h. Camptothecin
was maintained in its stable lacton form for more than
2 days.

Conclusion: CPT has great potential as an anticancer agent
provided that problems with both its physiological stability
and insolubility can be solved. The acidic microclimate of
PLGA nanospheres has been identified to be the main source
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Abstract Amorphization is nowadays a method that is
frequently applied in the pharmaceutical industry. The
primary aim of this study is to achieve the amorphization of
clopidogrel hydrogen sulphate as an active pharmaceutical
ingredient (API) with various solvents and to choose the
most suitable one. A secondary aim was to determine the
glass-transition temperature (7) of this API and to classify
it as a good or poor glass former. To investigate the
amorphous form, differential scanning calorimetry, X-ray
powder diffraction, and FT-IR analysis were applied. The
melting point (Ty,) was 177.4 °C (450.6 K), and 7, was
determined to be 88.9 °C (362.1 K). The quotient T,/T},
was 0.80, and this API was therefore classified as a good
glass former.

Keywords Amorphization - Clopidogrel hydrogen
sulfate - DSC - FT-IR spectroscopy - Solvent method -
T, - X-ray powder diffraction

Introduction

The two forms of solids are the amorphous and the crys-
talline forms [1]. The amorphous form is widely applied in
industrial fields such as the plastics industry, the textile
industry, the food industry, the production of semicon-
ductors, ceramics and optical glasses, and naturally the
pharmaceutical industry. The importance of amorphization

O. Jojart-Laczkovich - P. Szab6-Révész (D<)
Department of Pharmaceutical Technology, University
of Szeged, Eotvos u. 6, 6720 Szeged, Hungary
e-mail: revesz@pharm.u-szeged.hu

is currently increasing in consequence of its value in the
pharmaceutical industry for various reasons [2]:

— The development of many poorly water-soluble active
pharmaceutical ingredients (APIs) [3].

— The polymorphism of APIs, the different forms having
different physical and/or chemical properties [4], which
can be interconverted and thus display changing
solubility, compressibility, and not at least physiolog-
ical effects.

— The processing of crystalline drug substances lead run
into difficulties, whereas the amorphous form can often
be treated easily. In many cases, for example, the
compressibility of the amorphous form is better than
that of the crystalline form [1].

— Economic aspects are also involved when the aim of
amorphization is a new patent relating to the amor-
phous form.

Amorphous forms of APIs have many useful properties.
Some of the most important ones: higher water solubility
and higher dissolution rate relative to the crystalline forms
[5-8], as there is no lattice energy, which is a thermody-
namic barrier to dissolution [9]. There are two feasible
ways to amorphize crystalline APIs:

— An amorphous API can be produced alone, without
additives, but it must be mentioned that amorphous
solids generally have lower stability than the corre-
sponding crystals because of the higher energy level
[10-12].

— Otherwise, pharmaceutical technologists often have to
apply crystallization inhibitors as additives [13—15].
These inhibitors are usually hydrophilic carriers, which
can increase the wetting property of APIs too. This
mostly results in more stable product.

@ Springer
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Both routes for the amorphization of crystalline APIs
can be applied with the solvent method, hot-melt technol-
ogy and milling technology [16].

The solvent method is one of the simplest processes for
amorphization in industry. It is important that the agent
must dissolve without leaving a residue. If crystals remain
in the system, then these could start nucleation by acting as
seeding crystals in the phase of supersaturation during the
evaporation of the solvent.

In pharmaceutical systems, amorphous materials are of
great importance both as auxiliary agents and as APIs.

Crystalline systems can be characterized by their melt-
ing points (7},), but amorphous materials do not possess
this characteristic temperature parameter. They can rather
be defined by the glass-transition temperature (7,), below
which amorphous materials are brittle and above which
they are in a liquid or rubbery state. The T, lies in the
interval from approximately 2/3 to 4/5 of the T, (in
Kelvin) [2]. For investigations of the amorphous form and
T, the differential scanning calorimetry (DSC) is a suitable
experimental method [17, 18].

Crystalline agents can be divided into poor (or fragile)
glass formers and good (or strong) glass formers. In the
case of poor or fragile glass formers T,/T,,, < 0.7, and in
the case of good or strong glass formers T,/T,, > 0.7
[19]. (In an another publications the limit is given as 1.5,
but in this case the quotient is 7,,/T,, when T,,/T, > 1.5
the material is good glass former [11, 20].) Good glass
formers exhibit minimal molecular mobility changes at
T,, and hence the shift in heat capacity tends to be
small.

In this study, the crystalline API which was subjected to
amorphization was clopidogrel hydrogen sulfate (clopido-
grel bisulfate) (CLP), a potent oral antiplatelet agent often
used in the treatment of coronary artery disease, peripheral
vascular disease, and cerebrovascular disease as Plavix® or
Iscover® [21]. The chemical formula is C;cH;cCINO,S
H,SO, and the molecular mass is 419.9. Chemically it is
classed among the thiophenes, and its systematic ITUPAC
name is methyl (+)-(S)-alpha-(2-chlorophenyl)-6,7-dihy-
drothieno[3,2-c]pyridine-5(4H)-acetate sulfate. Six differ-
ent polymorphic forms and an amorphous form of the drug
have been identified, but only forms I and II are used in
pharmaceutical formulations [22, 23]. The polymorphic
and amorphous forms of this drug are dealt within a
number of patents and articles [24-26].

The primary aim of this study is to achieve the amor-
phization of CLP by the solvent method and to select the
most suitable solvent. A further aim is to characterize the
amorphous form via thermoanalytical parameters and to
classify it as a poor or a good glass former. We additionally
carried out preliminary stability testing of the pure amor-
phous CLP.

@ Springer

Materials and methods
Materials

CLP polymorphic form II (EGIS, Budapest, Hungary) was
used as the crystalline API. Ethanol (Merck, Budapest,
Hungary), methanol (Merck, Budapest, Hungary), and
acetone (Reanal, Budapest, Hungary) were used as
solvents.

Methods
Preparation of amorphous form

Amorphous samples were made using ethanol and metha-
nol. 1.00-g CLP was dissolved in 10.00-g ethanol or 4.00-g
methanol with magnetic stirrer (Velp® Scientifica, Europe)
for 5 min at room temperature. The solvent was evaporated
by two methods: with blown room temperature air or by
vacuum (Binder, Germany). 1.00-g CLP was treated with
20.00-g acetone with magnetic mixing for 15 min at room
temperature and the solvent was then evaporated in vac-
uum (Binder, Germany). After drying, samples were pul-
verized in a porcelain mortar with a pestle.

Differential scanning calorimetry

DSC studies were performed with a DSC 821° instrument
(Mettler-Toledo, Switzerland) with samples of approxi-
mately 4.8-5.2 mg weighed into non-hermetically sealed
aluminum pans. The samples were heated from 25 to
200 °C at heating rate of 5 °C min~'. The instrument was
calibrated with the use of indium.

FT-IR analysis

The FT-IR apparatus was an Avatar 330 FT-IR spectrom-
eter (Thermo Nicolet, USA). The sample, with a CLP
content of 0.5 mg, was ground and mixed with 150 mg of
dry KBr in an agate mortar, and the mixture was then
compressed into a disk at 98.1 kN (cm?)~". Each disk was
scanned 64 times at a resolution of 2 cm™' over the

wavenumber region 4000—400 cm ™.

X-ray powder diffraction (XRPD)

XRPD was performed with an X-ray Diffractometer
Miniflex II (Rigaku, Tokyo, Japan), where the tube anode
was Cu with Ko = 1.5405 A. The pattern was collected at
a tube voltage of 30 kV and a tube current of 15 mA in step
scan mode (4° min~"). The instrument was calibrated with
Si.
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Results and discussion
Confirmation amorphous form

Prepared samples were measured primarily by DSC. With
this method, characterization of the amorphous form is
possible quickly. The starting material and five prepared
samples were tested at first by DSC. These curves are
presented in Fig. 1. The crystalline CLP melted at 177.4 °C
(450.6 K). The normalized heat capacity change was
83.9 Jg~'. The sample which was treated with acetone
remained in the crystalline phase. The melting point of this
material was 177.8 °C (450.9 K) and the normalized heat
capacity change was 82.6 Jg~'. The samples prepared in
ethanol or methanol were transformed to the amorphous
form both on drying through blowing with room temper-
ature air and with vacuum. The characteristic melting point
disappeared completely from the DSC curves which were
straight lines without any enthalpy changes; no T could be
detected.

Samples were also tested by XRPD measurement.
Diffractograms are can be seen in Fig. 2; for clarity, the
diffractograms are displaced along the y axis. This investi-
gation supported the DSC results throughout. Figure 2
shows that the products prepared with ethanol or methanol,
independently of the drying procedure were converted to the
amorphous form, because the peaks disappeared from the
diffractograms, and the spectra became smooth. The sample
treated with acetone remained in the crystalline phase, and
the diffractogram of this preparation was the same as that of
the crystalline starting material.

To confirm that no degradation occurred in the prepared
samples FT-IR analysis was performed (Fig.3). For
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Fig. 1 CLP samples measured by DSC. (A) Crystalline form,
(B) sample prepared with ethanol, dried with blowing of room
temperature air, (C) sample prepared with ethanol, dried by vacuum,
(D) sample prepared with methanol, dried with blowing of room
temperature air, (E) sample prepared with methanol, dried by vacuum,
(F) sample treated with acetone, dried by vacuum
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Fig. 2 CLP samples measured by XRPD. (A) Crystalline form,
(B) sample prepared with ethanol, dried with room temperature air,
(C) sample prepared with ethanol, dried by vacuum, (D) sample
prepared with methanol, dried with room temperature air, (E) sample
prepared with methanol, dried by vacuum, (F) sample treated with
acetone, dried by vacuum

clarity, these spectra too have been displaced along y axis.
Each peak was present in each spectrum, reflecting the
presence of the same chemical bonds and no degradation
could be detected in the course of these measurements. The
amorphous and crystalline materials furnished the same
spectra. Thus, as we had anticipated with this method we
could not differentiate the crystalline and the amorphous
forms, but we confirmed that no degradation happened in
samples.

The DSC, the XRPD, and the FT-IR results suggested
that the samples prepared with ethanol or methanol were
transformed to the amorphous form independently of the
drying procedure, but the sample treated with acetone
remained in the crystalline form. The acetone is not
suitable solvent for amorphizing CLP, but ethanol and
methanol have the same amorphizing property in the case
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Fig. 3 CLP samples measured by FT-IR. (A) Crystalline form (P II),
(B) sample prepared with ethanol, dried with room temperature air,
(C) sample prepared with ethanol, dried by vacuum, (D) sample
prepared with methanol, dried with room temperature air, (E) sample
prepared with methanol, dried by vacuum, (F) sample treated with
acetone, dried by vacuum
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of this API. If we apply a solvent in a pharmaceutical
technological method, we must take care of the danger
class of this solvent according to the ICH Q3C guideline
[27]. The objective of this guideline is to recommend
acceptable amounts for residual solvents in pharmaceuti-
cals for the safety of the patient. ICH Q3C classifies
ethanol into the less dangerous Class 3, while methanol is
classified into the more dangerous Class 2. According to
these facts, we suggest the application of ethanol for
amorphizing CLP.

Measurement of T,

As mentioned in the Introduction, 7, is a very important
parameter for amorphous materials. The expected tem-
perature interval, in which T, can lie, is approximately
2/3 to 4/5 of T, (in Kelvin) [2]. The T,, of crystalline
CLP is 177.4 °C (450.6 K). Accordingly, the expected
interval of glass transition is 27.2-87.3 °C (300.4—
360.4 K), in this temperature interval we expected the
appearance of T.

A DSC curve reveals all structural changes accompanied
by enthalpy changes. In the curve, T, is usually indicated
by a step, a dislocation from the baseline. For CLP, how-
ever, during the first heating run 7, could not be detected,
but during the second heating T, appeared in the curve
(Fig. 4). When double heating was carried out with two
samples with ethanol, the endothermic step in the DSC
curve was detected in the same interval. This temperature
interval 82-110 °C (355-383 K) can be defined as glass
transition of CLP. The midpoints of these changes were
89.4 °C (362.6 K) and 88.5 °C (361.6 K), with a mean of
88.9 °C (362.1 K). Thus for the calculation this mean of
values (88.9 °C = 362.1 K) was applied as T,. For CLP,

MExo

Glass transition
Onset: 82.36 °C (355.51 K)
Midpoint: 89.82 °C (362.97 K)
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Midpoint: 89.66 °C (362.81 K)

Heat flow/mW,
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Temperature/°C

60 70 80

Fig. 4 Glass-transition temperature of CLP measured by DSC.
(A) Sample prepared with ethanol, dried with room temperature air,
(B) sample prepared with ethanol, dried by vacuum
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therefore the quotient T,/Ty, is 0.80, and accordingly this
API can be classified as a good glass former.

Preliminary stability testing

In the case of amorphous materials, stability problems can
occur because of the higher energy level. The possibility of
recrystallization is very notable. The amorphous CLP was
subjected to preliminary stability testing. A sample pre-
pared with ethanol was stored in a closed glass container at
23 £ 2 °C and 55 =+ 5 relative humidity. It was observed
that crystal growth started after 30 days (Fig. 5). The
crystallinity of the sample increased for approximately
76 days and crystal growth then stopped. The characteristic
T, appeared in curve B at 172 °C (445.2 K). This peak
increased linearly with time, but the change stopped after
76 days. T,, was found in the interval of 170-172 °C
(443.2-445.2 K). Values of AH are given in Table 1. It was
clear that recrystallization started in the amorphized
sample.

Heat flow/mW,

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

Temperature/°C

Fig. 5 Preliminary stability testing: (A) fresh sample, (B) sample
stored for 30 days, (C) sample stored for 34 days, (D) sample stored
for 45 days, (E) sample stored for 76 days, (F) sample stored for
96 days, (G): sample stored for 109 days

Table 1 Preliminary stability testing: changes in AH determined by
DSC measurement

Duration of storage/day AH/Ig™!
0 0.00
30 0.55
34 4.10
45 15.82
76 41.65
96 42.64
109 40.96
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Conclusions

In the course of this study, CLP was amorphized by the
solvent method. Both ethanol and methanol as solvent
resulted in amorphous samples. Either can be a suitable
solvent for amorphization, but ethanol is preferred in view of
the ICH guidelines relating to residual solvent. Methanol
belongs to Class 2, and ethanol in the less dangerous Class 3.
In the sample drying procedures, blown room temperature
air, and vacuum drying have the same effectiveness. T, was
determined to be 88.9 °C (362.1 K), the quotient T,/T},, was
0.80, so CLP is a good glass former. The results of the
preliminary stability testing indicated that recrystallization
occurred in the pure amorphized API after 30 days at room
temperature. The application of crystallization inhibitors is
therefore suggested.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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Kristalyos vagy amorf forma?

JOJARTNE LACZKOVICH Orsolya, SZABONE REVESZ Piroska”
Szegedi Tudomanyegyetem, Gyogyszertechnologiai Intézet, Eotvos utca 6., 6720 Szeged, Magyarorszag

1. Bevezetés

Az amorf forma a szilard fazis egyik alfazisanak tekinthetd
a kristalyos alfazis mellett'. Alkalmazasat tekintve az ipar
szamos teriiletén hasznaljak, s6t sok esetben elényben
részesitik a kristalyos formaval szemben. Alkalmazzak a
milanyag gyartasban, a textil iparban, a keramiak eléallitasa
soran, az élelmiszeriparban, az épitészetben, félvezetok
eléallitasa  soran, optikai {iivegek készitésekor és
természetesen a gyogyszeriparban is. A kiilonbozé ipari
teriiletek mas és mas kémiai anyagok amorf formajat
alkalmazzak. Harom f6 csoport nevezhetd6 meg: szervetlen
kristalyos anyagok amorf formajanak felhasznalasa, szerves
kis molekulaju kristalyos anyagok amorf formajanak
hasznalata és nagy molekuldji polimerek amorf formaban
torténd alkalmazasa. Ezen Osszeallitas a gyogyszerészetben
hasznalt kristdlyos hatéanyagok amorf formajanak
eléallitasaval, tulajdonsagaival foglalkozik.

Az amorf forma gyogyszeripari eldallitasa esetén két nagy
csoport kiilonithetd el. Az egyik amikor kristalyos anyagok
amorf formajat eldallitva tisztan amorf formaban kertilnek
alkalmazasra, illetve tovabbi feldolgozasra. Ekkor az
amorfizalas els6sorban az alapanyaggyartok  altal
kivitelezett miivelet. A masik lehetdéség, amikor
kristalyosodast gatld segédanyagok segitségével amorf
rendszereket allitanak eld els6sorban a
gyogyszertechnologusok. Ez a két teriilet jol elkiilonithetd
egymastol, hiszen az amorf terméket tekintve teljesen mas
rendszerek allithatok elé a megjeldlt moédokon.

Szerkezetiiket tekintve az amorf anyagok nem
rendelkeznek kristalyraccsal. Molekulaik kozott a rovid
tava rendezettség fennall, de a hosszi tavi rendezettség
nem alakul ki. A kristalyos formaval Osszehasonlitva
sokkal energiagazdagabb allapotnak tekinthetd”. Ebbél
adodoan stabilitdsi problémak Iépnek fel ezekben az
anyagokban. A rekrisztallizacié kiilonb6zé behatasok
kovetkeztében, vagy egyszerl tarolas soran is megindulhat
a mintikban®. Az amorf anyagok altaliban higroszképosak,
nagyobb oldddasi sebességgel és jobb vizoldékonysaggal
rendelkeznek, mint a megfelelé kristalyok®.

A gyogyszergyartasban négy teriileten jon szamitasba
kristalyos hatéanyagok amorf formajanak alkalmazasa®.

1. A gyakorlatban szamos rossz vizoldékonysaggal
rendelkez6 hatéanyag keriil alkalmazasra. Az {j
hatéanyagok egyre gyakrabban sorolhatok a BCS
(Biopharmaceutics Classification System) II. vagy IV.
osztalyba. A rossz vizoldékonyag maga utan vonja a nem

*Tel.: 06-62-545-572; fax: 06-62-545-571; e-mail: revesz@pharm.u-szeged.hu

kielégit6  biologiai  hasznosithatéosagot. Az  amorf
anyagoknak nincs kristalyracsuk, ezaltal nincs racsenergia
sem, amely termodinamikai gatja az oldédasnak. Tehat az
amorf anyagok alkalmazasanak egyik legfontosabb
indikacios teriilete az oldékonysag-novelés.

2. A gybgyszerészetben alkalmazott hatéanyagok nagy
része rendelkezik kiilonb6zé polimorf moddosulatokkal.
Ezek a moddosulatok a gyogyszer-készitmény formulalasa
soran is egymasba alakulhatnak®. A polimorfok kiilonb6zé
fizikai és fizikai-kémiai tulajdonsagokkal rendelkeznek. A
polimorfok egymasba alakuldsa mindenképpen keriilendo,
mivel ezaltal megvaltozhatnak alapvetd tulajdonsagaik (pl.
oldékonysaguk, olvadaspontjuk stb.) és ezekkel egyiitt
feldolgozhatosaguk, illetve biologiai hasznosithatosaguk is.
A polimorfok egymasba alakulasanak kivédésére egyik
kinalkozé megoldas az amorfizalas miivelete.

3. Léteznek olyan kristadlyos hatéanyagok, amelyek
kristalyos forméaban nehezen kezelhetdek, formulalasuk
soran  nehézségek meriilnek fel. [Ezen anyagok
feldolgozhatosaga az amorfizalassal sok esetben javithato,
koszonhetden annak, hogy az amorf forma példaul jobb
préslhetéségi  tulajdonsaggal rendelkezik a megfeleld
kristalyos anyaghoz képest.

4. Nagyon fontos indikacids teriilete az amorfizalasnak egy
gazdasagi szempontbol lényeges kérdés. Ez a teriilet a
szabadalmaztatds, hiszen egy védett hatéanyag Uj
szabadalomként vald bejelentése torténhet meg amorf
formaban®.

2. Az amorf forma jellemzése

A kristalyos anyagok termikus jellemzésére hasznalt
paraméter az olvadaspont. Az amorf anyagok nem
rendelkeznek ezzel a jellemzd hémérséklettel, termikus
viselkedésiik eltér a kristdlyos anyaghoz képest.
Hoémérsékletiik emelése kozben nem olvadnak meg, hanem
egy lUvegesedési atmeneten keresztil meglagyulnak,
rugalmassa valnak. Ez egy hémérsékleti intervallum, amely
tartomanynak a kozépértékét tivegesedési hémérséklet
("glass transition temperature", roviditése T,) néven emliti
az irodalom. A kristalyos olvadaspontnak (T,,) és az amorf
iivegesedési hémérsékletnek (T,) az egymashoz vald
viszonyab6l  kovetkeztethetink az  adott  anyag
amorfizalhatosagi tulajdonsagara. Irodalmi adatok alapjan
haa
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akkor az adott kristadlyos anyag jol amorfizalhato
(Ggynevezett "good/strong glass former"), ha a
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akkor rosszul amorfizalhat6 ("poor/fragile glass former")*’.
Mas irodalmak a reciprok értéket hasznaljak a
kategorizalasra, ekkor a hatarérték az 1,57%. A T, érték
empirikus tapasztalatok szerint a Kelvinben szamitott T,
2/3-a és 4/5-e kozotti intervallumba esik’. A kristélyos
anyagokhoz képest az amorf anyagok magasabb
szabadenergiaval, entalpiaval, entrépiaval és nagyobb
térfogattal rendelkeznek (1. Abra)’. A hémérséklet
emelésével  szabadenergidjuk  csokken, entalpiajuk,
entropigjuk és térfogatuk novekszik. Az amorf anyag
entropia-valtozasat extrapolalva a kristalyos anyag
entropia-valtozasanak gorbéjére, megkaphatdo a Kauzmann
hémérséklet (Tx), amely az a hémérséklet, amelyen az
amorf és a kristalyos anyag azonos entropiaval rendelkezik.
Ha az amorf anyagot a Ty alatt taroljuk, akkor stabilabbnak
tekinthetd, mint a megfeleld kristalyos forma, mivel
entropiaja alacsonyabb értéket vesz fel. Ez a jelenség

) : 1
Kauzmann paradox néven honosult meg az irodalomban®'".
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1. Abra. Kémiai anyag amorf és kristalyos allapotara jellemz6
hémérsékletek. T,: tivegesedési hdmérseklet, Ty,: olvadaspont Tk:
Kauzmann hémérséklet'.

3. Az amorf forma gyo6gyszeripari eloallitasi lehetoségei

Az amorf forma eldallitasara  vannak  alkalmas
gyogyszeriparban hagyomanyosan alkalmazott méodszerek.
Alapvetéen harom moédon allithatd elé amorf anyag:
oldoszer segitségével, olvadék technoldgiaval és Orléses
eljarassal (2. Abra)'"'?. Az egyik legkézenfekvébb a
oldészeres modszer. Oldas utan az oldoszer gyors
eltavolitasara  van  sziikség, amely megvaldsulhat
hémérséklet emelés, nyomas csokkentés és porlasztas
segitségével. Az eljaras hatranya a  kornyezet
oldoészergdzokkel vald  terhelése, amely probléma
megoldasara napjainkban egyre nagyobb hangsulyt
fektetnek a  gyogyszergyarak. Ezzel szemben az
olvadéktechnologia ¢és az Orléses modszer kornyezet-
kimélébbnek  tekintheté  lényegesen.  Azoknal az
eljarasoknal, ahol az anyag hoéterhelésnek van kitéve,
rendkiviil fontos megallapitani az iivegesedési tartomanyt,
hiszen ennek elérése a moddszer soran mindenképpen
kontraindikalt.

Kristalyos hatoanyag

|

Oldoszeres eljaras

N
Hoémérséklet

emelés

Olvadéktechnologia

——

Hatoanyag 6rlése
dnmagaban

Hatbanyag orlése
segédanyaggal

Olvadék dermesztése
cseppben

Olvadék extrudalas

2. Abra. Az amorf forma gyogyszeripari eléallitasi lehetoségei

4. Kisérleti rész

A szerz6k egy kristalyos modell hatdanyag amorf
formajanak fejlesztését mutatjak be, kihangstlyozva azokat
a lépéseket, amelyek elengedhetetleniil fontosak az
amorfizalas soran.

A kristalyos vegyiiletek, mint az elméleti bevezetében mar
emlitésre keriilt, amorfizalhatdosdg szempontjabol két
csoportba oszthatok. Annak eldontésére, hogy a farmakon
jol vagy rosszul amorfizalhatd, a fejlesztés elején
mindenképp sziikséges egy tisztan amorf minta eldallitasa
és az iivegesedési hdmérséklet meghatarozasara.

Munkank soran oldészeres eljarassal tortént meg az
amorfizalas. A mintak vizsgalata differencialis pasztazo
kalorimetria (Differenctial Scanning Calorimetry, DSC,
Mettler Toledo DSC 821°) segitségével valosult meg. Tobb
oldészer kiprobalasa utan a legmegfeleldbbnek a 96%-o0s
etanolt talaltuk. A kristalyos anyag feloldasa utan az
oldoszer hirtelen elparologtatasa kovetkezett
szobahOmérsékletii levegd befuvatasaval. A mintat, az
oldészer elparolgésa utan, poritottuk. A minta DSC gorbéje
a 3. Abréan lathato. Az also (B) gorbe a kristalyos mintarél
késziilt felvétel, a felsd (4) pedig az amorfizalt mintaé. A
fels6 gorbérdl eltiint az olvadaspont, a minta {iveges
allapotban kertilt. A T, nem detektalhato.

Aenn

LS
-

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 1B0 190°C
0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 min

3. Abra. DSC gorbék: A: amorf minta, B: kristalyos referencia minta.
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Annak bizonyitasara, hogy a minta valéban amorf,
porrontgen diffrakcids vizsgalatot végeztiink (Rigaku X-ray
Diffractometer Miniflex II.). Az eredmények teljesen
Osszhangban allnak a DSC eredményekkel, amely a
diffraktogrammokon jol kovetheté (4. Abra). Az amorf
minta diffraktogrammja kisimult a kristalyoshoz képest, a
jellemzd intenzitas értékek eltiintek, tehat rontgen amorf
mintat allitottunk eld.

A
" —/’-‘\
pi
&
€
E| 5
3 13 2 ] I 83
2 theta ()

4. Abra. Porrontgen diffrakcios vizsgalat: A: amorf minta B: kristalyos
referencia minta.

Annak bizonyitasara, hogy nem tortént bomlas a mintaban
és kémiailag azonos molekulakbol felépiildé anyagot
képeztiink Furier transzformacios infravoros
spektoszkopias (FT-IR) vizsgalatot végeztink (Thermo
Nicolet Avatar 330 FT-IR Spectrometer). A spektrumon jol
kovethetd, hogy minden jellemz6 abszorbancia érték jelen
van a gorbéken, kémiai atalakulas nem kovetkezett be az
anyagban (5. Abra).

Abszorbancia
%
L

3800 3400 2000 2400 1800 1400 200 400

Hullamszam (1/cm)

kaptunk, amely érték alapjan a vizsgalt anyag a jol
amorfizalhat6 hatéanyagok k6zé sorolhat6.

Aenn

Glass Transition

Onset 82,36 °C
Midpaint 89,82 °C
Left Limit 67.46 °C
Right Limit 113,60 °C

Heating Rate 5,00 "Cmin”-1

Glass Transition

Onset 83.61°C
Midpoint 89,66 °C
LeftLimit 7347 °C
Right Limit 106,89 °C

Heating Rate 5,00 "Cmin”-1

60 70 80 90 100 110 120 130 140 “C

6. Abra. A T, meghatdrozdsa DSC modszer segitségével.

Kovetkezé 1épésként az amorfizalt hatéanyagot eldzetes
stabilitas vizsgalatnak vetettiik ala (7. Abra). A vizsgilati
koriilmények: 23+2 °C és 55+£5 % relativ paratartalom
voltak. Azt tapasztaltuk, hogy a rekrisztallizacié koriilbeliil
egy honap tarolas utan indul meg. A 7. Abran a legfelsd
gorbe, amelyen még nem lathatd olvadaspont, a frissen
eléallitott amorf anyag gorbéje, majd a kovetkezd gorbék
az id6 elérehaladtaval azt mutatjdk, hogy a kristalyos
frakcio egyre meghatarozobba valik a termékben. A
karakterisztikus olvadaspontok az id6 elérehaladtaval egyre
novekszenek. Megallapithaté tehat, hogy a tiszta amorf
anyag nem rendelkezik megfeleld stabilitassal.

Aaxn

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 °C

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 min

5. Abra. FT-IR vizsgalat: A: amorf minta spektruma, B: kristalyos
referencia spektruma.

Az tlivegesedési hémérséklet meghatarozasara alkalmas
modszer a differencidlis pasztazé kalorimetria. Els6
felfiitésre a T, érték nem volt detektalhat6. Ugyanazon
minta masodik felfiitése viszont lathatova tette az
iivegesedési homérsékletet (6. Abra). Kétszer elvégezve ezt
a dupla fiitést ugyanabban az intervallumban tapasztaltuk
az Uvegesedési atmenetet. Az olvadaspontbdl elére szamolt
intervallum, amelyen beliil varhato a T, 28-89 °C volt. Az
iivegesedési tartomany kozépértéke 88,9 °C, mely a T,
értéknek felel meg. Kiszamolva a Ty/T,, hanyadost 0,80-ot

*Tel.: 06-62-545-572; fax: 06-62-545-571; e-mail: revesz@pharm.u-szeged.hu

7. Abra. A: frissen el6allitott minta, B: 30 napos tarolt minta, C: 34 napos
tarolt minta, D: 45 napos tarolt minta, E: 76 napos tarolt minta.

5. Osszefoglalas

Befejezésiil megallapithatd, hogy az amorfizalasra a
gyogyszertechnologiaban nagy sziikség van els6sorban
olyan esetekben, ahol oldékonysidg novelése a cél. Az
amorf forma szamos eldnye mellett ki kell hangstilyozni a
stabilitasi problémakat is, amely a legnagyobb nehézség
ilyen fejlesztések soran. A rekrisztallizacio
visszaszoritasara az egyik lehetdség segédanyagok
alkalmazésa, de nagyon fontos szerepet kaphat a tarolasi
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koriilmények helyes megvalasztasa is. Végezetiil a cimben
felvetett kérdésre az a valasz adhatd, hogy az amorf forma
esetenként elényben részesithetd a kristalyossal szemben,
de a fejlesztési folyamat megkezdése eldtt mindenképpen
meg kell hatarozni a cikkben felvetett fontos paramétereket,
hiszen ezek ismerete nélkiil abban sem lehetiink biztosak,
hogy amorfizalhato-e az adott kristalyos farmakon. Ha a
hatdéanyag a vizsgalatok eredményeként besorolhatdé a jol
amorfizalhaté vegyiiletek kozé, akkor mindenképpen
érdemes, egy felmerilld gyogyszeripari probléma
megoldasara felsorakoztatott lehetdségek koziil valasztani;
nem hagyva figyelmen kiviil a stabilitasi problémakat sem.
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Crystalline or amorphous form

The amorphous form of materials is well known because it is
applied in different fields, e.g. the plastics industry, the textile
industry, the production of ceramics, the food industry,
architecture, the preparation of semi-conductors, the manufacture
of optical glasses and naturally the pharmaceutical industry. In
pharmaceutical technology the procedures for the production of a
glassy form must be divided into two groups: the preparation of
the pure amorphous form of crystalline active pharmaceutical
ingredients (APIs) and the amorphization of crystalline APIs with
a crystallization inhibitor. The amorphization of crystalline APIs
may be necessary because of the poor water-solubility of the drug
material, the polymorphism of the active substance, difficulty in
the processing of the crystalline form, or the taking-out of a patent
for a new (amorphous) form. The most important useful property
of this form in this field is the increased solubility of drug

substances. It should be mentioned that stability problems can
occur in the course of application of this form, because of the
possibility of recrystallization during the preparation procedure
and storage. The aim of this work was to introduce the main
properties of the amorphous form, the possibilities of its
preparation and the investigation of the developed amorphous
APL

For a crystalline model drug the authors determined the quotient
Ty/Ty (T, glass transition temperature; T,: melting point), which
indicated that this model drug can be classified in the group of
good glass formers. Investigation of the stability of the pure
amorphous form allowed the conclusion that a crystallization
inhibitor should be applied to attain suitable stability.
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Abstract

The aim of this work was a preliminary study of the “in-process” amorphization of clopidogrel hydrogensulfate (CLP)
as model drug during the production of tablets as dosage form. A solvent method was used for amorphization and
the crystalline phase of CLP was detected by differential scanning calorimetry; the physical parameters of fresh and
stored tablets were investigated. For the amorphous form, Aerosil 200 was selected as crystallization inhibitor as the
most suitable of eight auxiliary agents. The optimum composition of the product for amorphization in the scaling-up
process (100-fold) was 7 parts of CLP to 3 parts of Aerosil 200. In this scaled-up product, the amorphous CLP was fixed
on the surface of microcrystalline cellulose. The tablet form further stabilized the amorphous form. Finally, the steps
of an “in-process” amorphization are given as a protocol, which can promote stabilization of an amorphized active

pharmaceutical ingredient.

Keywords: Aerosil 200, amorphous, clopidogrel hydrogensulfate, crystallization inhibitor, ‘in-process’

amorphization

Introduction

In pharmaceutical formulations, most drug materials are
processed in their crystalline form, which is a thermo-
dynamically stable state that exhibits both short-range
and long-range order'?. Unlike a crystalline solid, an
amorphous solid has no long-range order of molecular
packing, so the molecules are conformationally flexible®.
The application of an active pharmaceutical ingredient
(API) in amorphous form is increasingly common in the
development of pharmaceutical solid formulations, with
all its risks and benefits"*. The amorphous or glassy form
is one of the two solid subphases next to the crystalline
form®. In pharmaceutical technology, this solid form is
well known and widely studied because of its advanta-
geous properties™®. The applications of amorphization
can be divided into three groups:

amorphization of inorganic crystalline materials®’;
amorphization of organic materials consisting of
small molecules (most APIs can be classified in this
group)'’; and

amorphization of large polymer molecules™.

The present work is concerned with the second point,
using a model API for amorphization.

Amorphization can be applied in pharmaceutical
technology for four reasons:

to increase the dissolution rate and solubility of a
poorly water-soluble API'*5,

to protect active agents from a polymorphous
transformation®s,

to revise the processability of the corresponding
crystalline drug'’, and

to take out a new patent relating to the amorphous
form of a given API (US Patent 6,767,913 B2).

The possibility of amorphization is very important as
concerns amorphous formulations, because there are
two groups of APIs from the aspect of the glass-forming
tendency. Crystalline APIs can be divided into poor (or
fragile) glass-formers and good (or strong) glass-formers.
There is an empirical formula with which the glass-
forming tendency of an API can be predicted. For poor or
fragile glass-formers, T /T, <07, and for good or strong
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glass-formers, T g/ T, >0.7,where T is the glass transition
temperature and T is the melting point'. If the inves-
tigated API can be classified as a good glass-former, its
amorphous formulation is possible.

In pharmaceutical formulations, it is necessary to
differentiate two possibilities if the chosen API is a good
glass-former. The first is when an amorphous form of the
API is produced alone, without any auxiliary agents'®*.
The second is when a composition is made containing
both the amorphized API and an auxiliary material(s) as
crystallization inhibitor(s). A product made in this way
can be a solid dispersion?' or a solid solution or some
other multiple system?. Figure 1 outlines general dif-
ferences between these two ways. The second way can
be defined as “in-process” amorphization, because the
classical technological formulation process is combined
with amorphization of the API. The technologies which
are used for making an amorphous form in pharmaceuti-
cal technology® are a solvent method'’, hot melt technol-
ogy** and a milling process®.

In this work, clopidogrel hydrogensulfate (clopidogrel
bisulfate) (CLP) (methyl (+)-(S)-a-(2-chlorophenyl)-6,7-
dihydrothienol[3,2-c]pyridine-5(4H)-acetate ~ sulfate)*
was used as model API for amorphization. This API is
a potent oral antiplatelet drug often used in the treat-
ment of peripheral vascular disease, coronary artery
disease and cerebrovascular disease. Six different crys-
talline forms (I-VI) and an amorphous form of CLP are

‘in-process’amorphized active pharmaceutical ingredient 1273

known in the literature. In pharmaceutical technologi-
cal formulations and in therapy, polymorphs (Ps) I and
II have been used to date*. Our preliminary investiga-
tions indicated that this API is a good glass-former,
with Tg/ T, =0.80, but with a considerable tendency to
undergo recrystallization?.

The aim of this work was to study the “in-process”
amorphization of CLP during the production of tab-
lets as dosage form. We report here the selection of
the crystallization inhibitor, the amorphization of CLP
in the scaling-up process and the stabilization of the
amorphous form as regards the composition of the tab-
lets. Finally, the steps of an “in-process” amorphization
protocol are given which can promote stabilization of
an amorphized API.

Materials

The empirical chemical formula of CLP II (EGIS Company,
Hungary) is C, H,.CINO,S H,SO, with molecular mass
419.9. Chemically, it is classed among the thiophenes,
and its systematic IUPAC name is methyl (+)-(S)-a-(2-
chlorophenyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-
acetate sulfate. The solvent applied was ethyl alcohol 96%
v/v (Merck Kft.,, Hungary). Our previous study showed
that this solvent is the most suitable for amorphization
of CLP%. In this study, we used acetone, methanol and
ethanol as solvents. Our results suggested that the samples

Crystalline drug materials

|

Amorphization

Production of basic material

Production of dosage form
by ‘in-process’ amorhization

Amorphous APIs (pure drug

Amorphous drug materials with additives

materials) (crystallization inhibitor agents)
d '
N L . L4
Excipients for preparation of
dosage forms (filler, binder agents, etc.)
i '
| L

Processes for preparation of
dosage forms (milling, pressing, etc.)

Solid dosage forms
granules, capsules, tablets

Figure 1. Two ways of making a solid form of an amorphized API.
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prepared with ethanol or methanol were transformed to
the amorphous form independently of the drying proce-
dure, but the sample treated with acetone remained in
the crystalline form. ICH Q3C classifies ethanol into the
less dangerous Class 3, while methanol is classified into
the more dangerous Class 2%. According to these facts, we
suggest the application of ethanol for amorphizing of CLP.

As possible crystallization inhibitors, the follow-
ing excipients were applied: Aerosil 200 (colloidal SiO,,
Nippon Aerosil Co., Japan; with hydrophilic proper-
ties), Syloid 72 FP (porous SiO,, Grace, Hungary, with
hydrophilic properties); kaolin (Merck Kft.,, Hungary);
mannitol (Merck Kft., Hungary); microcrystalline cellu-
lose (MCC) (Avicel PH 101, FMC Corporation, Europe);
polyvinylpyrrolidone (PVP K25) (PVP, Kollidon' 25, BASE
Germany); methylcellulose (Ph. Eur.) and cross-linked
PVP (Crospovidone, Kollidon' CL-M, BASEF, Germany)
named PVP K CL-M.

MCC was used as filler in tablet making. Cross-linked
PVP (PVP Polypl. XL 10) (Polyplasdone XL 10, N-vinyl-2-
pyrrolidone polymer, I.S.P. Technologies Inc., Germany)
was applied as disintegrant, and magnesium stearate
(Hungaropharma, Budapest, Hungary) as lubricant agent
in the composition of the final tablets.

Methods

Preparation of amorphous reference sample

An amorphous reference sample was made by using ethyl
alcohol 96% v/v. 1.00g of CLP was dissolved in 10.00g
of ethyl alcohol with the aid of a magnetic stirrer (Velp’
Scientifica, Europe) for 5min at room temperature. The
solventwas evaporated off with blown room-temperature
air. After drying, the sample was pulverized with a pestle
in a porcelain mortar.

Selection of crystallization inhibitor

Different masses of CLP were dissolved in different
amounts of ethyl alcohol 96% v/v. The resulting solu-
tions were mixed with different crystallization inhibitors
in a porcelain mortar, heading to solution or suspension
or gel formation. The ratio CLP:crystallization inhibitor
was 7:3. The mixtures were then dried with room-tem-
perature air (25°C, 46% relative humidity (RH)). After the
most suitable inhibitor had been chosen, it was mixed
with CLP in ratios of CLP 1:9; 3:7; 1:1; 7:3 and 9:1 with the
aim of finding the best active API/auxiliary agent ratio.

Amorphization in scaling-up process
Sample 1: 28.0g of CLP was dissolved in 160.0g of ethyl
alcohol 96% v/v with the use of a magnetic mixer for
2min. 12.0g of Aerosil 200 and 40.0 g of MCC were mixed
with a Turbula mixer (speed: 50 rpm, duration of mix-
ing: 5min). The solution of CLP was then vaporized onto
the surface of the Aerosil 200-MCC mixture bed in a pan
(Dragex-1, Jorgen).

Sample 2: 28.0g of CLP was dissolved in 160.0g of
ethyl alcohol 96% v/v with the use of a magnetic mixer

for 2min. 12.0g of Aerosil 200 was added to the solution
of CLP and underwent solvation in 2min; a gel was made
by mixing. This mixture was vaporized onto the surface of
40.0 g of a MCC bed in the same pan.

The parameters (in both cases): pan (Dragex-1
stainless steel equipment), which was furnished with
exhauster system for removal of solvent under process-
ing, rotation speed: 25rpm; pressure of spraying air: 0.1
bar; type of vaporizer: Walther, 1 mm nozzle diameter;
drying air temperature: 25°C; RH of drying air: 46%;
transportation of liquid: Peripump; speed of transporta-
tion: at the beginning of measurement 5ml/min; at the
end of measurement: 1 ml/min (this depends on the
speed of drying). This step involves a 28-fold scaling-up.
During the process, the loss of powder was very different
depending on the place of Aerosil (in powder bed or in
alcoholic solution).

Tablet making

A larger amount of stabilized product was prepared
with the production method employed for Sample 2.
This product was the internal phase of the tablets. The
mass of a tablet was 400mg, containing 100mg of CLP.
The composition for 1000 tablets is given in Table 1. The
internal and external phases were mixed with a Turbula
mixer (speed: 50 rpm, duration of mixing: 5min). Tablets
were made with a Korsch EKO eccentric tablet machine
(Emil Korsch Maschinenfabrik, Berlin, Germany) (35
tablets/min, punch diameter 12 mm, compression force:
9+1kN).

Differential scanning calorimetry

For characterization of the amorphous form, differential
scanning calorimetry (DSC) was used (a Mettler-Toledo
DSC 821 instrument). Approximately, 4.80-5.20mg of
sample was placed into an aluminum pan which was
then sealed and scanned from 25°C to 200°C at 5°C/min
under an argon gas flow at 100-150 ml/min.

FT-IR analysis

Confirming the presence of H-bonding in the samples,
we used FT-IR analysis in solid and in liquid phase.
Dichloromethane was applied as solvent for prepara-
tion of solutions. In liquid phase, concentrations were
0.1000g/10cm?, 0.0500g/10 cm?, 0.0250g/10cm?,
0.0125g/10cm?. Infrared spectra were recorded on a
Furier transform infrared spectrometer (Bio-Rad Digilab
Division FTS-65A/869, Philadelphia, PA ) between 4000
and 400cm™. The spectrometer was equipped with a

Table 1. Composition for 1000 tablets.

Substances Mass
Internal phase CLP 100.00 g
Aerosil 200 42.86g
MCC 243.14 g
External phase Polypl. XL 10 12.00g
Magnesium stearate 2.00g
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DTGS detector for the measurement of solid sample.
Solutions were investigated in KBr liquid cell of 0.1 mm
thickness. The spectral resolution was 4cm™ and 128
scans were averaged.

For the chemical stability testing of samples, we used
FT-IR apparatus also. The equipment was an Avatar 330
FT-IR spectrometer (Thermo Nicolet, Madison, WI).
The sample, with CLP content of 0.5 mg, was mixed with
150mg of dry xBr in an agate mortar, and the mixture
was then compressed into a disc at 10 t. Each disc was
scanned 64 times at a resolution of 2cm™ over the wave-
number region 4000-400 cm™.

Investigation of tablet parameters

Five parameters of the tablets were investigated: mass,
diameter, height (measured with a screw micrometer;
Mitutoyo Corporation, Tokyo, Japan), hardness against
pressure (Heberlein apparatus, Le Locle, Switzerland)
and the time of disintegration (Erweka ZT71, GmbH,
Germany). Investigations were made with fresh and with
stored tablets.

Investigation of stability of products

As recommended by international guidelines (ICH
Q1A), we stored samples under two different condi-
tions. Long-term testing was performed at 25+2°C
with 60+5% RH, and accelerated testing at 40+2°C
with 75 +5% RH. Under both conditions, samples were
stored in open and in closed containers; the duration of
storage was 4 weeks.
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Results and discussion

Selection of crystallization inhibitor

The aim of this investigation was to select a suitable crys-
tallization inhibitor. As mentioned in the Introduction,
CLP is a good glass-former. Ethyl alcohol 96% v/v was
used as amorphizing solvent for CLP. Amorphous CLP
is unstable: its recrystallization starts within a month?.
The stability of CLP can be increased through the use of
a crystallization inhibitor, which is the auxiliary agent
in the tablet composition. In this step, different crystal-
lization inhibitors were tested: Aerosil 200, Syloid 72 FP,
kaolin, mannitol, MCC, PVP K25, methylcellulose and
PVP K CL-M. These auxiliary agents can be classified as
crystalline (e.g. mannitol), semicrystalline (e.g. MCC)
and amorphous (e.g. Aerosil 200) materials. Their com-
mon property is a large specific surface and they undergo
physical interactions (secondary bonding) with numer-
ous materials. These properties can prevent the growth
of crystals and the development of the long-range order
of molecules of APIs.

DSC curves of the reference CLP (crystalline and
amorphous) and samples with CLP can be seen in
Figure 2. The thermogram of crystalline CLP exhibited
a sharp endothermic peak at 177.4°C, corresponding to
the melting point of CLP. The scan of the amorphized
reference CLP did not contain any characteristic peak,
of course. For the sample in which mannitol was pres-
ent as crystallization inhibitor, the peak occurred at
about 146°C, due to the dissolution of CLP in the melted
mannitol (7, for mannitol is 165°C)*. The samples with
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Figure 2. Effects of crystallization inhibitors on crystallinity of CLP. DSC curves of reference materials and samples made with different
crystallization inhibitors. A: Crystalline reference sample, B: amorphous reference sample, C: sample with mannitol, D: sample with
kaolin, E: sample with MCC, F: sample with PVP K25, G: sample with PVP K CL-M, H: sample with methylcellulose, I: sample with Syloid

72 FP, and J: sample with Aerosil 200.
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kaolin and MCC exhibited decreased CLP T  values
(168 and 169°C). In this range, these agents do not have
melting points. The samples with PVP K25 and PVP K
CL-M contained CLP in amorphous form, but suffered
a color change because of incompatibility between
the components. The curve for the sample made with
methylcellulose displayed a double peak effect, at
167.9°C and 177.6°C. This may be an indication of two
Ps in this sample. It has been reported that P IV melts at
167.9°C* and P II at 177.6°C*'. Accordingly, this sample
contains three different forms of CLP: the amorphous
form, and the crystalline forms P IV and P II. Aerosil
200 and Syloid 72 FP differ greatly in applicability as
crystallization inhibitors despite both of them consist-
ing of SiO,. With ethyl alcohol as solvent, Aerosil 200
resulted in perfectly amorphous CLP, in contrast with
Syloid 72 FP, which amorphized the CLP only partially.
This result can be explained as a consequence of the
gelling property of Aerosil 200 in ethyl alcohol. After
the evaporation of the ethyl alcohol, the large surface of
SiO, fixes the CLP and protects against crystal growth,
because of the interaction between CLP and SiO,,. This
interaction presumably involves H-bonding with the
surface silanol groups of SiO,. Such silanol groups
are not present on the surface of Syloid 72 FP, which
rules out this interaction. This supposition is based on
the reported verification of the presence of H-bonding
between indomethacin and SiO, by solid-state nuclear
magnetic resonance imaging®?. These results led us to
choose Aerosil 200 as crystallization inhibitor for the
scaling-up process. This auxiliary agent is a classical
additive in pharmaceutical formulations. In the case of

solid forms, it can be used as glidant® or coating mate-
rial® in tablet making, as surface modifier (for example,
DPI formulations, due to its highly hydrophilic and
adsorbing property)* and as auxiliary agent in the case
of preparation of solid dispersion®. It is an amorphous
agent itself, and thus the presence of API crystals in
samples can be detected unambiguously, e.g. by DSC.

The following step in this work was to find the opti-
mum CLP/Aerosil 200 ratio. Five different compositions
were tested with this aim. The DSC curves are presented
in Figure 3. Melting is not detected in curves A, B, C, D
and E, and these samples can therefore be regarded as
amorphous. Curve F, which relates to a CLP:Aerosil 200
ratio of 9:1, indicates T at 169.5°C, which means the
recrystallization of CLP. Accordingly, this amount of crys-
tallization inhibitor is not sufficient to maintain the active
agent in amorphous form. For this reason, a CLP:SiO,
ratio of 7:3 was chosen for tablet formulation.

Amorphization in scaling-up process

The next step was to stabilize amorphous CLP on the sur-
face of the carrier. In this system, MCC was used as the
carrier, which serves as a filler/binder in tablet making.
In Sample 1, the alcoholic solution of CLP was vaporized
onto the surface of the mixture of MCC and Aerosil 200.
With this preparation procedure, the powder underwent
considerable outflow from the pan (powder effusing or
dusting). The yield of the preparation was only 64.8%. For
Sample 2, only MCC was added to the pan. The mixture
of CLP and Aerosil 200 was dissolved in ethyl alcohol
(96% v/v) and vaporized onto MCC bed. The yield of
this preparation method was 85.2%, clearly indicating
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Figure3. DSC curves of samples containing Aerosil 200. A: Reference (crystalline CLP), B: CLP:Si0,=1:9, C: CLP:SiO, =3:7, D: CLP:SiO,=1:1,

E: CLP:SiO,=7:3, F: CLP:Si0,=9:1
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that the processing of Aerosil 200 in the liquid phase is
more advantageous. The DSC scans of both samples and
a physical mixture (Figure 4) demonstrated that the CLP
in both samples was in the amorphous form (in contrast
with the situation for the physical mixture) because there
was no sign of T in the curves.

To verify of H-bonding between silanol groups of
Aerosil 200 and CLP molecules, we compared FT-IR
spectrums of Sample 2 and the corresponding physical
mixture (see Figure 5). In the interval of 900-600cm™,
spectrum A contains vibrations of C structure’s deforma-
tion. These bands decrease remarkably in spectrum B.

‘in-process’amorphized active pharmaceutical ingredient
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It refers that the product is in amorphous state. On the
other hand, it denotes the presence of a chemical bond-
ing in the product.

To confirm the chemical bond, we measured Sample
2 in different concentration in solutions (see Figure 6).
In the interval of 1100-1000 cm™ spectrum A shows wide
association. With the dilution of the sample, this associa-
tion breaks off continually (spectrums B, C, D, E). Between
1058 and 1036 cm™, two bands were appeared that char-
acterize v, C-O-C stretching (this marks acetates). The
band, at 1058 cm™ shifted to the band, at 1036 cm™ with
the dilution. It means that the association breaks off.
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Figure 4. DSC curves of samples. A: physical mixture, B: Sample 1, C: Sample 2.
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Figure 5. FT-IR analysis of Sample 2 and the corresponding physical mixture. A: physical mixture, B: Sample 2.
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These results justify the presence of H-bonding in the
solid Sample 2. The different states of samples cause dif-
ferent places of bands. The spectrum F shows that dichlo-
romethane has not got sign in this interval.

In the study of the stability of amorphous CLP,
Sample 1 and Sample 2 were stored for 4 weeks at
25°C and 60% RH. The results revealed that the stored
samples remained in the amorphous phase. The find-
ings of accelerated testing showed that when Sample 1
was stored in either open or closed containers after 4
weeks, it included crystalline material. For Sample 2,
only the sample stored in an open container included a
crystalline phase.

To investigate the chemical stability of Sample 2,
FT-IR analysis was used. The FT-IR spectrums showed
no chemical changes in the samples, which were stored
in open and closed containers. All of the peaks are
the same in the fresh and in the stored samples (see
Figure 7). It can be concluded that the preparation pro-
cedure applied for Sample 2 is better, and this product is
more stable than Sample 1. In Sample 2, the gel structure
of the CLP/Aerosil 200/ethyl alcohol system extends the
adherence of the CLP/Aerosil 200 system on the surface
of MCC. There is an interaction between surface silanol
groups of Aerosil 200 and hydroxyl groups of MCC on its
surface, which is a hydrogen bonding®. This interaction
can come into existence easily in liquid phase (Sample
2), than in solid phase in the case of a simple mixing
(Sample 1). For these reasons, the amorphization pro-
cedure used for Sample 2 was applied in tablet making.

Tablet making and investigation of tablets

The amorphization procedure applied for Sample 2 was
used to make 1000 tablets. This tablet composition (see
Table 1) resulted in good flowability and tablettability.

Absorbance

Both fresh and stored tablets were investigated. In the
thermoanalytical study, a physical mixture of the tablet
components was also investigated because of the pres-
ence of the crystalline phase of CLP. The DSC curves are
depicted in Figure 8. The slight enthalpy changes detected
in curve E indicate that this sample may contain a little
crystalline phase. This sample was stored at 40°C and
75% RH in an open container. Curves A, B, C, D and F do
not reveal any crystalline phase in the system. A feature
of importance for tablet making was that the surface area
of the amorphous product decreased, which was another
stabilizing step in the formulation.

The physical parameters of the fresh and stored tablets
are reported in Table 2. The change in mass of the tablets
was greatest for the tablets stored in an open container
under accelerated conditions (40°C, 75% RH). As the mass
of these tablets increased, the diameter and height also
increased. In the other cases, the changes were negligible.
The hardness against pressure of the tablets decreased in
all cases, most strongly for the tablets stored in open con-
tainers. The time of disintegration also decreased in all
cases, and again the most considerable changes occurred
for the tablets stored in open containers. These results
are in harmony with the fact that amorphous materi-
als are hygroscopic. In these changes, the presence of
Polyplasdone XL 10, as superdisintegrant, plays an impor-
tant part also. It may be concluded that itis very important
to choose the correct conditions for the formulation and
storage of amorphous CLP. These conditions include the
use of dry air (low RH) and a closed container.

Conclusions

The “in-process” amorphization of CLP as model API
was studied, tablets containing amorphous CLP were

J

=

L " I

1200 1150 1100

1050 1000 950

Wavenumbers (cm-1)

Figure 6. FT-IR analysis of different concentrations of Sample 2 in solutions containing dichloromethane. A: solid Sample 2, B: 0.1000g
sample in solution of 10 cm?, C: 0.0500 g sample in solution of 10 cm?, D: 0.0250 g sample in solution of 10 cm?, E: 0.0125 g sample in solution

of 10 cm?, F: dichloromethane.
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produced, and the stability of the product was tested. The and crystallization can start during evaporation of
results suggested the following amorphization protocol the solvent.

(see Figure 9): o Inthe second step, a suitable crystallization inhibi-

o In the first step, a suitable solvent for the API should tor should be selected and the optimum amount of

be selected. In this step, it is very important that the this auxiliary agent required to maintain the API in

crystalline API should dissolve completely: any crys- amorphous form should be determined. In this step,

tals remaining in the system can function as seeds several crystallization inhibitors should be screened

Relative reflectance

'l 1 1 L ' L 1

3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™")

Figure 7. FT-IR investigation of the fresh and stored Sample 2. A: fresh Sample 2, B: stored Sample 2 (40°C, 75% RH, open), C: stored Sample

2(40°C, 75% RH, closed).
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Figure 8. Stability of tablets. A:

Physical mixture, B: fresh product, C: stored sample (25°C, 60% RH, open), D: stored sample (25°C, 60% RH,

closed), E: stored sample (40°C, 75% RH, open), F: stored sample (40°C, 75% RH, closed).
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Table 2. Investigation of tablet parameters.

Hardness against

Tablets Mass (g) Diameter (mm)

Fresh 0.4060 (SD +0.003)  12.10 (SD + 0.060)
Stored 25°C and Open 0.4097 (SD £ 0.004) 12.13 (SD + 0.050)
60% RH Closed  0.4078 (SD +0.004) 12.12 (SD + 0.054)
Stored 40°Cand Open 0.4106 (SD +0.003)  12.24 (SD + 0.038)
75% RH Closed  0.4060 (SD +0.003) 12.10 (SD + 0.009)

Height (mm) pressure (N) Time of disintegration (s)
3.50 (SD +0.023)  93.4 (SD + 2.67) 86 (SD + 27)
3.55(SD+0.032)  70.4 (SD *3.63) 30 (SD +13)

3.51 (SD £0.027)  83.6 (SD +3.37) 54 (SD + 13)
3.69(SD +£0.016)  65.8 (SD * 2.74) 6(SD % 4)
3.53(SD £0.021) 84.8 (SD +£3.79) 79 (SD = 16)

Protocol of ‘in process’ amorphization
with solvent method

( )

1. step Selection of suitable solvent

2. step Selection of a suitable crystallization
inhibitor, optimal the ratio of
API:crystallization inhibitor

3. step Amorphization in scaling-up

4. step Stabilization of amorphized API

on the surface of a carrier
5. step Mixing with external phase of tablets
6. step Making tablets

Figure 9. Protocol of ‘in-process’ amorphization.

and, if possible, the type of interaction between the
API and the auxiliary agent should be investigated.

¢ In the third step, the amorphization process must be
scaled up.

¢ In the fourth step, the amorphized API should be sta-
bilized on the surface of a carrier. This is an important
step in this protocol, because the API, the crystal-
lization inhibitor and the carrier act together in this
system to result in stable amorphous API during the
technological process.

o In the fifth step, the external phase of the tablets
should be mixed with the amorphized product. The
mixing must be performed very carefully, because
mechanical force can induce recrystallization.

¢ In the sixth step, the tablets should be pressed.
Compression can be a further stabilizing step, fixing
the amorphous form because of the smaller surface.
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