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1 INTRODUCTION

Co-crystals are solids that are crystalline materials composed of two or more molecules in the
same crystal lattice [1]. Formation of co-crystals can solve several pharmaceutical issues
raised during preformulation [2] and formulation development e.g. by solubility, dissolution,
bioavailability, chemical stability, decreasing hygroscopicity modulation [3, 84]. Formation of
co-crystals could be a new path to improve physico-chemical and biopharmaceutical
properties of medicines [5, 6, 7]. One of the most difficult pharmaceutical formulation tasks is
to improve the absorption of a weak base with poor and pH-dependent solubility properties
[8]; however, some combined chemical and formulation approaches give the possibility to
reach this goal [10]. Usually applied chemical tools are the salt and/or co-crystal formation,
while the pharmaceutical approaches are micronization, nanonization, and elaboration of
lipidic and  amorphous  formulations. = However, to reach the targeted
pharmacokinetic/pharmacodynamic (PK/PD) profiles, synergies of different chemical and

pharmaceutical tools are needed.

2 AIMS
The aims of this thesis are
. to explore and apply the synergies among chemical and pharmaceutical tools in case

of a development of pharmaceutical co-crystals on the example of SAR1 compound (origin

molecule of Sanofi) [10, 11],

. to show the benefits of early cooperation among discovery and development scientists

in the field of Early Drug Formulation (EDF) [12],

. evaluate the results of preformulation from pharmaceutical processability point of
view [13],
. access the usefulness of flow through dissolution technique in the area of Early Drug

Formulation and co-crystal development [14],



. elaborate a practical guidance for scientists to formulate co-crystals as active

pharmaceutical ingredients (API).

3 LITERATURE SURVAY

3.1 CO-CRYSTALS

Pharmaceutical co-crystals should be attractive to the pharmaceutical industry because they
offer multiple opportunities to modify the chemical and/or physical properties of an API
without making or breaking covalent bonds [15, 16, 17].

3.1.1 Historical survey

Co-crystals are a long known but little explored alternative to the traditionally known forms of
APIs. Higuchi et al. described the formation of molecular complexes of methylated xantines
with p-aminobenzoic acid, salicylic acid, acetylsalicylic acid and p-hydroxybenzoic acid [18],
[19]. Solubility properties of the new co-crystal forms depends on the solubility of theirs
components. The solubility ratio of the co-crystal / drug is approximately 1 if the co-crystal
former has ten times higher solubility than the drug itself. However high aqueous solubility of
co-crystal forms can lead to rapid convervation and hinter performance [20] that is why one of
the main role of formulation experts is to work in a strong collaboration with chemical and

analytical experts to protect physical integrity of co-crystals during the formulation work.

3.1.2 Designing of co-crystals

Co-crystals are supramolecular homo- (I and III) or heterosynthons (II and IV) presented on
Figure 1. Carboxylic acid moieties represent one of the most commonly studied functional
groups in crystal engineering and they exist in 30 of the 100 top-selling prescription drugs in
the USA. Carboxylic acids therefore represent an excellent starting point for crystal
engineering of pharmaceutical co-crystals. Moreover the alcohol-amine and alcohol-pyridine

supramolecular heterosynthons are also well established in crystal engineering [15, 21, 22].
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Figure 1: Supramolecular homo- and heterosynthons of co-crystals

3.2 EARLY DRUG FORMULATION

The targets of EDF are

e supply discovery studies with classical or enabling formulations to ensure robust drug
safety (and de-risk toxicological concerns), efficacy and pharmacokinetic

measurements [23, 24],

e carly assessment of physical and biopharmaceutical properties of APIs that are

amenable to downstream development [25, 26],

e support early go/no go decision on discovery candidates [27].
Solutions are developed for early studies if it is possible. In that case absorption is not effected
with particle size, polymorphic form of the API. Inadequate exposure may lead to poor
efficacy and could lead to rejection of a potential blockbuster. Suspensions are supplied for
late studies to mimic in vivo conditions after administration of a standard tablet or suspension
formulation [28, 29]. Solubility properties of the possible new APIs [30] determine the type of
the elaborated formulations showed on Figure 2. If the solubility of the API is more than 100
ug/ml classical, aqueous solutions and suspensions are developed however if the solubility
goes below 10 pg/ml only enabling formulations such as nanodispersions, lipic, cyclodextrin

containing and amorphous formulations can support PK/PD and toxicological studies. If the
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solubility of the API is between 10 and 100 ug/ml a selection is needed between classical and
enabling formulations based on the predicted doses [31, 32]. Since the available API
quantities are limited in early discovery phase from a few mgs to grams formulation experts
have to explore innovative solutions to supply animal studies with robust and stable
formulations. Early classification of new candidates according to the Biopharmaceutics
Classification System (BCS) [9] is a useful tool for decision making in early development

[33].

For highly active compounds with acceptable permeability

— | T

7
7
()
S
033 Standard Intermediate Enabling
“5 >100 pg/mL >10 pg/mL <10 pg/mL
D * Standard formulations ¢ Evaluate feasible standard * enabling formulations
= feasible or enabling formulations, are mandatory
§ depending on dose « dose limitations are
o likely
Q
Aqueous / conventional suspensions / NanoCrystals, Co-solvent / Lipid based,
Wet milled Cyclodextrins / Solid solution (Amorphous)

Figure 2: Translation of BCS (Biopharmaceutical Classification System) into internal
Formulation strategy

3.3 FLOW THROUGH DISSOLUTION

Flow through dissolution technique is a well known approach from early 1970s elaborated for
low solubility BCS II and BCS 1V [34, 35] type active pharmaceutical ingredients and for
their drug products. This is a suitable tool for evaluating and comparing active pharmaceutical
ingredients and formulations but it is also used to explore special issues related to new
chemical entities, salts and co-crystals. The Flow Through Dissolution Equipment (FTDE) is
used for research and development studies mainly [36] but pharmacopoeias also make it
possible to elaborate a method on FTDE for routine analysis. Preparing FTDE for initiating a

study is slightly a longer process than in the case of classical dissolution equipment, but



researchers can reach significant results even if only a few mgs of the new chemical entities
are available. The main limitation of classical basket or paddle type dissolution instruments is
the sink condition requirement, because there is a high risk to reach quickly the super
saturated concentration in a permanent one liter dissolution media, furthermore sometimes it
is not suitable to reach the sink condition for active pharmaceutical ingredients, which are
practically insoluble in aqueous solutions. In contrast to the past, when the majority of
research compounds had a relatively small molecular weight and acceptable solubility, the
number of larger and less soluble molecules showing permeability and/or solubility-limited
absorption has increased during the past years [37]. The opened type flow through dissolution
technique (Figure 3), being a dynamic system, is closer to the in vivo status of the body, than
the static-type classical paddle and basket apparatuses. The dissolved active pharmaceutical
ingredient is removed and collected from the cells of the FTDE and this process provides the
possibility for dissolution of a new portion of the solid material modeling absorption and
elimination. It is possible to combine the spectroscopic imaging and flow through dissolution
technique to improve the possibilities for investigating the release of poorly soluble APIs from

pharmaceutical tablets [38].

Open System

2 1 1
.I Splmerr" e 1
Fraction Collector
./ Flowgell 10 Weste
W
Piston Pump

Fresh Medium

Figure 3 - Opened type flow through dissolution equipment



4 MATERIALS AND METHODS

41 MATERIALS

4.1.1 Active pharmaceutical ingredient in the field of co-crystal development

Three active pharmaceutical ingredients were evaluated and compared. These are: SARI as a
weak base, its di-HCI salt and its co-crystal with fumaric acid. All API study batches were
manufactured in laboratory scale from 10 g to 30 g. Resynthesis batch of the fumaric acid co-

crystal was manufactured in 0.7 kg scale.

4.1.2 Active pharmaceutical ingredient in the area of flow-through dissolution

An origin molecule of Sanofi coded as a ,,C” model material was used for FaSSIF (fasted state
simulated intestinal fluid) and FeSSIF (fed state simulated intestinal fluid) dissolution study.
The same ,,C” model API and its sevaral salt forms were applied to show the benefits of flow

through dissolution during salt selection studies.

4.1.3 Buffers

Buffer solutions were prepared according to the USP and Ph. Eur. recommendations [39, 40].

4.1.4 Pharmaceutical excipients

Cremophor ELP was ordered from BASF. Cremophor ELP, a purifed grade of Cremophor EL
was specially developed for sensitive active ingredients, as the higher purity was found to
improve their stability [41]. Tween 80, lactic acid, citric acid, Span 85, PEG 200, sodium
hydroxide were purchased from Merck while Eudragit L100-55 was ordered from Evonic.
Some pharmaceutical excipients such as mannitol, sulfobuthyl B cyclodextrin, vitamin E
TPGS, PVP K25, sodium docusate, Miglyol 812 N, sodium dodecyl sulfate, methyl cellulose,
HPMC, crospovidone, microcrystalline cellulose, magnesium stearate and colloidal silica

anhydrous were ordered from the internal warehouse of Sanofi.



42 METHODS

4.2.1 Chemical manufacturing

4.2.1.1 SAR1 as a fumaric acid co-crystal

The reactor was charged with acetone (12 L), SARI base Form III (592 g, 1.29 mol) and
fumaric acid (600 g, 5.16 mol). The slurry was stirred at room temperature for 24 hours, the
crystals were filtered off, washed with water (1 L) and ethanol (1 L), and dried in a vacuum at
80°C for five hours. Yield: 723 g (94.0%) pale yellow powder [42]. The purity of the product
was: 98.9% (HPLC).

4.2.1.2 SAR1 as a dihydrochloride salt

SAR1 (29 g) was added to methanol (1370 ml) under nitrogen. The suspension of API was
stirred in Ultra-Turrax system for 30 minutes at room temperature. The concentrated
hydrochloric acid (8.03 ml, 2.3 eq) diluted in 25 ml of methanol was added to the mixture in
30 minutes. The slurry was obtained in yellow color. The stirring was maintained overnight at
room temperature. The cake was rinsed with methanol after filtration and dried under vacuum

at 30°C. Measured molar ratio was 1.95.

4.2.2 Analytical methods

The analysis of samples was performed on Agilent 1100 type HPLC equipment with gradient
method to evaluate solubility and chemical stability of APIs and formulations as well. HPLC
parameters were: Purospher STAR 5 um C18, 125 mm x 4.0 mm column. The HPLC analysis
was performed at room temperature, with 10 to 50 pl injection volume and with 1.0 ml/min
flow rate. The A eluent composition was: Acetonitrile : pH=2.5 buffer solution (100:900).
Preparation of the buffer solution: 10 mM NaH,PO4 x 2H,0, its pH was set to pH=2.5 with
H;PO,4. The B eluent was acetonitrile. The ratio of the A eluent was: 100:100:35:35:100 at 0,
2, 17, 24 and 25 minutes. The samples were analyzed at 225 nm with UV detector. The
concentrations of the standard calibration curve were: 6, 10, and 14 pg/ml. Bioassay was
performed with a bioanalytical method: exploratory LC-MS/MS method form plasma as a
matrix. LOQ was : 1 ng/mL. The stoichiometry of the prepared co-crystal was checked by 1H

10



NMR spectroscopy. The sample was dissolved in DMSO-D6. The 1H NMR spectrum was
recorded at 400.13 MHz on a Bruker DRX-400 spectrometer using 30° pulse length and 10 s
relaxation delay. Solid state characterization of the drug substance forms were performed by
solid state 15N NMR spectroscopy and XRPD. During the pharmaceutical processability
phase the analysis of dissolution samples was performed by an Agilent 8453 type
spectrophotometer. Samples were measured at 342 + 2 nm undiluted (90 and 120 minutes
dissolution) or after 200-fold (until 20 minutes dissolution), 40-fold (30 minutes dissolution)

or 60-fold (until 60 minutes dissolution) dilution with dissolution medium as acetate buffer.

4.2.3 Pharmaceutical methods

4.2.3.1 Early drug formulation phase

Manufacturing of the exploratory formulations were performed on a laboratory scale using 20
to 100 g batch size. Qualitative and quantitative compositions of the formulations are
summarized in Table 1. Eight formulations were prepared and tested in oral animal

pharmacokinetic studies [43].

Formulation 1 was a suspension containing micronized SAR1 in methylcellulose and Tween
80 vehicle. Micronized material was manufactured on laboratory scale spiral jet mill [44] and
nanosuspension was prepared by Elan type nanotechnology [45, 46, 47, 85] (F1 and F2

formulations).

The API was fully dissolved in lactic acid (0.5 g and 1.5 g SAR1 base was solved in 28 g
lactic acid) before preparation of the Miglyol 812 N based w/o emulsions (F3 and F4
formulations) [48]. The lactic acid solution was combined with 5 % sulfobutyl B cyclodextrin
[49] in case of F3 formulation while F4 formulation contained 5 % Span 85 to avoid free base

precipitation at intestinal pH.

The weak base containing suspension formulation was prepared in a mortar with pestle (F5
formulation). SAR1 free base was suspended with 5 % Cremophor ELP first, followed by
lactic acid, 20 % aqueous solution of vitamin E TPGS and PEG 200 were added to the

suspension. pH adjustment to 4.0 was performed with NaOH solution.

11



Table 1: Formulation approaches

Type of the Concentration Administration
Name of the formulation yp . Composition of the formulations volumes by oral
formulation of SAR1
route
WEAK BASE
Micr. API : 0.6% MC sol. : Tween 80
F1: Mi ized API . . . 15.
.1(;ron1zed . Microsuspension 0.5:99:0.5% >-0and 15.0 20 ml/kg
containing formulation mg/ml
1.5:98:0.5%
Nan. API : PVP K25 : DOSS :
Tween 80 : Water
F2: Nanomilled API Nanosusbension 5.0 and 15.0 20 ml/k
containing formulation P 0.5:3:0.15:04:9595% mg/ml &
1.5:3:0.15:0.4:94.95%
API : Lactic acid : CD : Miglyol
F3: Lactic acid +
. . . 15.
Cyclodextrin (CD) w/o emulsion 0.5:24:5:70.5% 3 Orzn?mls 0 20 ml/kg
containing formulation &
1.5:28:5:65.5%
API : Lactic acid : Span85 : Miglyol
F4: Lactic acid + . . 15.
actic acid Span 85 w/o emulsion 0.5:24:5:70.5% 3:0and 15.0 20 ml/kg
containing formulation mg/ml
1.5:28:5:65.5%
API : Crem.ELP : Lactic a.: Vitamin E
F5: Lactic acid + TPGS : NaOH sol. 3M : PEG 200
bility enhancers + suspension 10.0 and 30.0 10 ml/k;
permeability P 1:5:8.86:30:6:49.14 % mg/ml g
solubilisation
3:5:886:30:6:47.14 %
API + Citric acid containing granule:
0.6% MC sol.
F6: Citric acid containing suspension 10.0 and 30.0 10 ml/k
stock granule P 3:303:66.7% mg/ml &
9:30.3:60.7 %
API : Eudragit L100-55 :
0.6% MC sol. : SDS
F7: Partially amorphous API suspension 10.0 and 30.0 10 ml/k
containing formulation P 1:1.38:95.62:2 % mg/ml &

3:4.14:90.86:2 %
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Table 1 (cont.): Formulation approaches

CO-CRYSTAL WITH FUMARIC ACID

F8: Permeability enhancer,
solubiliser and co-crystal
protector containing
formulation

suspension

API : Crem.ELP : 0.6% MC sol.

1:5:94%

3:5:92%

10.0 and 30.0
mg/ml

10 ml/kg

The weak base and citric acid containing formulation was prepared with a classical wet
granulation process. The excipients of the internal phase were: citric acid, mannitol,
microcrystalline cellulose, HPMC and crospovidone. Water was used as a granulation liquid.
The components of the external phase were: colloidal anhydrous silica and magnesium
stearate. One portion of the elaborated stock granule was diluted with 2 portions of 0.6%

methyl cellulose solution before administration to animals (F6 formulation).

A stabilized, amorphous solid solution preparation was initiated from the joint N-methyl-
pyrrolidine solution of SAR1 weak base and Eudragit L100-55 [50]. A drop dispersion was
performed with water followed by the centrifugation of the suspension and washing with
water. Filtration and drying was done at 100 °C for 4 hours (F7 formulation). The partially
amorphous SARI1 was dosed in 2 % sodium dodecyl sulphate containing 0.5% methyl

cellulose suspension.

The co-crystal of SAR1 with fumaric acid was suspended with Cremophor ELP firstly before
dilution with 0.6% methyl cellulose solution to protect co-crystal from dissociation (F8

formulation) [51].

4.2.3.2 Pharmaceutical processability phase

Manufacturing of the different formulations were performed in Mi-pro miniaturized high
shear granulator (Pro-C-ept) [52]. The speed of the impeller was 500 rpm while the chopper
rpm was 3000. Four experimental compositions were manufactured in 30g miniaturized scale
with 10% API load (Table 2). The integrity of the co-crystal was studied from granules. Loss
on drying values were measured at 105°C until 20 minutes three times during the

manufacturing process: after mixing of the internal phase without Cremophor ELP, after the
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wet granulation process and after drying. Comparable loss on drying results were reached for

the internal phase and after the drying process.

Tabletting was performed on Korsch excentrical tabletting machine with 3-15 kN pressure
force [53, 54]. Flat, rimmed tablets were pressed with 30-35 N hardness. The diameter of the

tablets were 6 mm. The temperature of the plant was 21°C and the relative humidity was 23

%.

4.2.4 Animal studies

Species are male rats. Approximate weight at initiation of dosing was between 210-270 gs.

The age of rats at initiation of dosing was 7 weeks.

4.3 TEST METODS

4.3.1 Dissolution study

Experimental dissolution work was carried out in opened, Sotax type flow through dissolution
and Hanson type paddle dissolution equipment. The temperature of the media was 37.0 £ 0.5
°C. Dissolution samples were collected by a fraction collector for both dissolution techniques
followed by HPLC and spectrophotometric analysis. Samples were collected for up to 60 and

120 minutes.

4.4  STATISTICAL EVALUATION

Statistical evaluation was performed on FaSSIF/FeSSIF dissolution results of “C” model

material. Dissolution curves were compared at P=0.95 confidence level.
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Table 2: Formulation compositions and function of ingredients

Function of

Formulations . . P1 P2 P3 P4
ingredients
Internal phase
SARI1 fumaric active
acid co-crystal | pharmaceutic 10 %* 10 %* 10 %* 10 %*
al ingredient
mannitol diluent 49 % 49 % 49 % 49 %
microcrystalline | oy 25 % 25 % 25 % 25 %
cellulose
Hypromellose binder 5% 5% 5% 5%
:(r)(zlsiflirlmellose disintegrant 4% 4% 4% 4%
Cremophor surfactant 0 0 0 0
ELP solubiliser 3% 3% 3% 3%
granulation i water water + water water
liquid Cremophor ELP
position of Added to added to the added to ad.ded to
- the internal | . the active | the internal
water internal phase .
phase directly phase
last
.\ Last .
position of excipient of part of the excipient | added to
Cremophor - the 1111 ternal granulation of the the active
ELP hase liquid internal directly
P phase
External phase
:ge;ﬁly;lfumarate glidant 2% 2% 2% 2%
Total - 100 % 100 % 100 % 100 %
Mass of tablets - 100 mg 100 mg 100 mg 100 mg

* expressed as free base, fumaric acid parts are corrected from quantity of the diluents
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5 RESULTS AND DISCUSSION

5.1 EARLY DRUG FORMULATION - FORMULATION POSSIBILITIES OF A WEAK
BASE WITH A NARROW SOLUBILITY RANGE

5.1.1 Physico-chemical and biopharmaceutical properties of the candidates

SARI1 was evaluated as a model compound (Fig 4) planned for use in the oncology area. The
measured Caco-2 permeability [55] value of SARI was 32 x 107 cm/s, which indicates a

potentially good in vivo permeability [56].

R
=z | N C.
\N NH Z
N
o NH,

Figure 4: SAR1 as a model active pharmaceutical ingredient (API)

The evaluation of the key and critical physico-chemical and biopharmaceutical properties of
this API are summarized in Table 3 [57], together with these data of its di-HCI salt [58, 59]
and the SAR1 fumaric acid (1:1) co-crystal. The co-crystal formation was done between the
pyridine nitrogen and carboxylate group of the fumaric acid verified by ss NMR data (Fig 5).
The API, as a weak base, shows salt formation with strong acids such as hydrochloride acid
only, the presence of which causes the hydrolysis of the amide bond and the formation a 2-
amino-pyridine and the corresponding carboxylic acid. Based on the above mentioned acidic
hydrolysis of the API, the chemical stability of SAR1 and potential formulations in the
presence of HCIl is not suitable. Another issue of the dihydrochloride salt was that
stoichiometric salt formation was not feasible. However, the manufactured HCI salt showed
promising oral absorption and bioavailability. In a rat model, over 100 mg/kg oral dose, the
exposure did not increase proportionally with the dose and biovailabilty ranged between 28 %

after 100 mg/kg dose and 5.9 % after 300 mg/kg dose. Based on the chemical instability and
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stoichiometry issue, the di-HCI salt was not suitable for development but showed the potential
of focusing on co-crystals as a way to improve oral bioavailability. The weak base itself
showed excellent physico-chemical stability, but very poor oral bioavailability in rat animal
model. Based on the very low (below 2%) bioavailability of the base, particle size reduction
using micronization and nanomilling was explored as formulation options. Futhermore the use
of permeability enhancers as pharmaceutical excipients, in-situ salt formation with wet
granulation, and amorphization were explored. One factor to consider in the observed low oral
bioavailability is the strong pH dependence of SAR1 aqueous solubility. The equilibrium
solubility is 2 mg/ml at pH=1.2 in artificial gastric fluid which decreases to below 0.05 mg/ml
at pH=2.0 at 37°C presented on Figure 6. However significant difference was measured at
pH=4.5in 0.5 % SDS containing acetate buffer between the SAR1 co-crystal and base forms.
Figure 7 shows the better dissolution kinetic of the co-crystal form. This better dissolution
kinetic of the SAR1 co-crystal form as an API was correlated during the development with
faster dissolution results on prototype formulation and with the best PK results from the

evaluted eight formulatins.

i
e | N C..
KN NH rjg
-
N
Base o NH,
\ Co-crystal with fumaric acid

T T T T T T T T
@ o - 100 Bk -2m -0 300 -3 -400 ~+50 pem

Figure 5: Solid phase NMR spectum of SAR1 base and its co-crystal with fumaric acid
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Table 3: Critical physico-chemical and biopharmaceutical properties of SAR1 as a function of

crystal form

Parameters Issues Proposed solutions
Weak Base
Salt formation with strong acids
pKa,;=2.9 Focus on
pKa,=3.5 Chemical stability of the formulation cannot co-crystal formation
be ensured
Decrease particle size and evaluate
Bioavailability Poor, below 2 % permeability enhancers and
amorpization

Equilibrium solubility Strongly pH dependent Solubilisation

»di-HCI” salt of the weak base

Stoichiometry

Not stoichiometric

Stop the development

Physico-chemical

stability unstable Stop the development
Moderate bioavailability . .
Bioavailability 28 % 100 mg/ke Focus on Saltclél_(: c:?acll;dates such as
5.9 % 300 mg/kg Yy
Co-crystal of the weak base
Follow the

The character of the drug
substance in the drug
product

Integrity of the co-crystal during drug product
manufacturing

co-crystal integrity during the
manufacturing process

Avoid pharmaceutical excipients
harmful for co-crystal integrity

Equilibrium solubility

Dependent strongly on pH

Solubilisation
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Measured pKa values of SAR1 are: pKa;=2.9, pKa,=3.5 as a divalent base. If the pKa values

are close to one another the below mentioned equation describes the solubilisation process:

Log Cp” = log Susn + 2 (pH - pKa)
where:

C is the concentration.

S is the solubility.

A logarithmic solubilisation slope of 2.0 corresponds to a dramatic one-hundred-fold change
in solubility with each one unit change in a pH [60]. Due to basic compounds with sharp pH-
dependent solubilities, such compounds solubilised in the gastric fluid are very likely to
precipitate after the solution empties from the stomach into the small intestine [61]. Based on
the very narrow good solubility range of the candidates, the use of surfactants in the
formulations was investigated to enhance in vivo dissolution and create the possibility of a
relevant in vivo exposure. A further complication in developing suitable formulations for
SARI1 was the high aqueous solubility of the fumaric acid used as the co-crystal former. In the
case of co-crystals there are only hydrogen bonds between the parent compound and the co-
crystal former. If the co-crystal was instilled into a highly aqueous environment during the
manufacturing of the formulation, without any protecting effect, it would likely cause the loss
of the integrity (dissociation) between the parent and the co-crystal former. This dissociation

could have an impact on the biological advantage of administering a co-crystal.
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Figure 6: Equilibrium solubility results of SAR1

crystal form

free base and that of the fumaric acid co-
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Figure 7: Comparative flow through dissolution results of SAR1 free base and that of the
fumaric acid co-crystal form
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5.1.2 Selected formulations for pharmacokinetic evaluation on rat animal model

Based on the physico-chemical and biopharmaceutical evaluation of the candidates (the weak
base and the co-crystal) (Table 3) eight formulations (Table 1) were prepared for a PK
evaluation. The role of each excipients are summarized in Table 4.
The administration volumes were decreased from 20 mL to 10 mL in rat animal model to
increase the tolerability of the formulations. To compensate for the lower dose volume, the
concentrations of SAR1 in formulations F5, F6, F7 and F8 were doubled from 5 and 15 mg/ml
to 10 and 30 mg/ml. Chemical stability of the formulations were monitored by HPLC.
Formulations were stored at 5°C during the course of the study to ensure chemical stability
[62, 63]. The total degradation observed at 5 °C after 2 weeks was below 2%, which is

acceptable for a Discovery animal study.

Table 4: Role of the chemical and pharmaceutical excipients

Name of the excipients Role of excipients within the formulations

Chemical excipients

Fumaric acid [64] Co-crystal former

Pharmaceutical excipients

Protect the dissolved API from precipitation,
Cremophor ELP [41] improve permeability and protect the integrity of
the co-crystal

Docusate Sodium (DOSS) | Secondary stabilizer of the nanosuspension
[64]

Eudragit L100-55 [50] Support amorphization of the API

Citric acid [64] Provide acidic microenvironmental pH of the
granule

Lactic acid [64] Solvent of the API

Methyl cellulose (400 . .

mPa.s) [64] Diluent/suspending agent
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Table 4 (cont.): Role of the chemical and pharmaceutical excipients

Name of the excipients Role of excipients within the formulations

Pharmaceutical excipients

Miglyol [66] Diluent for emulsion and permeability enhancer
NaOH, 3M solution pH adjustment to 4.0

PEG 200 [66] Diluent and permeability enhancer

PVP K25 [65] Primary stabilizer of the nanosuspension

Surfactant, protect the dissolved API from

Span 85 [67] precipitation, permeability enhancer

Sodium dodecyl sulphate | Surfactant, protect the dissolved API from
(SDS) [64] precipitation and improve permeability

Sulfobutyl B cyclodextrin | Improve permeability of the API/ solubiliser
[68, 69]

Surfactant, protect the dissolved API from

Tween 80 [70, 71] precipitation and improve permeability

Protect the solved API from precipitation and
improve permeability

Vitamin E TPGS [72]

5.1.3 Pharmacokinetic results

The measured exposure (AUC) results were summarized in Table 5 and its graphic

representation can be seen in Fig. 8.
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Table 5: Pharmacokinetic parameters

base base base | base | base +lactic | Citric partially co-crystal +
micronised | nanomilled | + + acid + acid amorphous | permeability
lactic | lactic | permeability | containing | API enhanser +
D acid | acid | enhancers+ | stock solubiliser
0571( +CD | + solubilisation | granule
(mg/kg) Span
85
AUC (ug.h/ml)
Code of the Fl F2 F3 | F4 F5 F6 F7 F8
formulation
100 14 10 41.6 | 44.0 81.5 180 344 262
300 30 19 40.2 | 63.1 104.0 205 212 335
Comparison of exposures
400 T
— 350 +
-l
€ 300 -
< 250 -
g 200 -+
£ 150
S 100
<
50 -
0 \
0 50 100 150 200 250 300 350
Dose (mg/kg)
—=——F1 = ¥ =F2 = & =F3 ——@=—F4 —A—F5 —%—F6 —e—F7 —5—F8

Figure 8: AUC function of dose.

F1: base micronised, F2: base nanonised, F3: base + lactic acid + CD, F4: base + lactic acid +

Span 85, F5: base + lactic acid + permeability enhancer + solubilisation, F6: citric acid

23




containing stock granule, F7: partially amorphous API, F8: co-crystal + permeability enhancer

+ solubiliser + co-crystal protector

5.1.4 Evaluation of PK results

The targeted exposure (100 mcg.h/mL) was reached with three formulations (F6, F7 and F8)
after 100 mg/kg and 300 mg/kg single oral dose and also with formulation F5 after 300 mg/kg
dose only. With formulation F7 a decrease in exposure was observed between 100 and 300
mg/kg. For the other formulations a lack of dose proportionality was also observed but not a
decrease. On average, the best exposure, at both doses, was reached with the fumaric acid co-
crystal containing formulation (F8) [3, 73, 74]. The measured AUC results were promising
with the partially amorphous base containing formulation (F7) [75] as well but because of a
scalability issue and the decrease in terms of exposure at higher dosage, the co-crystal
containing formulation got the first priority. The targeted exposure was reached with the citric
acid containing formulation as well (F6) however it was kept as a back-up option based on the
complexity of the formulation for toxicological studies. Encouraging absorption was reached
with the base containing suspension formulation (F5). A very slight increase in terms of
exposure was observed using the emulsion formulation containing sulfobutyl 8 cyclodextrin
complex (F3). Adding a surfactant to the emulsion formulation (F4) rather than cyclodextrin
lead in a slight increased in exposure (F3). The decrease of the particle size of the base form
to micrometer or a nanometer ranges did not increase the oral exposure (F1 and F2
formulations). The results suggest that rapid precipitation of the free base at intestinal pH

negated any improvement in rate of dissolution afforded by the reduction in particle size.

5.1.5 Evaluation of the formulation approaches based on the PK results

5.1.5.1 Micronized and nanomilled API containing formulations:F1 and F2

Decreased particle sizes of the API (weak, crystalline base) below 20 um (d90) for micronized
and 400 nm (d90) for nanoformulations did not reach the targeted oral exposure of 100
mcg.h/mL. Fig. 9 compares the dissolution curves for the micronized weak base and for the
nanoformulation at two pH values. According to the dissolution curves, the nanoformulation

showed 100 % dissolution at pH=1.2 in artificial gastric fluid within 10 minutes. Contrary to
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the nanoformulation, the free base dissolved below 40 % within the same time period. The
dissolution was significantly decreased at pH=6.8 in both formulations based on pH
dependent solubility of SARI. The equilibrium solubility of the free base at pH=1.2 in
artificial gastric fluid at 37°C is 2.0 mg/ml, which is decreased to 0.05 mg/ml at pH=2 buffer
solution. Based on the observed low exposure results in Fig. 8 independently on doses the
particle size reduction was not effective. It is expected that irrepective of particle size, such a
weak base would precipitate with a change in pH leading to poor exposure that is why

differences were not measured for micronized and nanonised formulations.

dissolution %

0 10 20 30 40 50 60 70 80 90 100 110 120

time (min.)

Figure 9: Comparative dissolution data of base and nanoformulation.
-# Micronized base: pH 1.2, ==Micronized base: pH 6.8, == Nanoformulation: pH 1.2
—— Nanoformulation: pH 6.8

5.1.5.2 Evaluation of the w/o emulsion formulations:F3 and F4

F3 and F4 formulations were prepared as oil based emulsions because of the high
hydrophobicity of SAR1 and preparation of an aqueous solution was not feasible even with
surfactant. Dilution of the dissolved SAR1 in lactic acid was feasible with an excipient with

high apolarity such as Miglyol [76]. An increase in exposure was measured in contrary to the
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micronized and nanonized formulations but the exposure results did not fulfill the targeted
AUC value (100 mcg.h/ml). Increased exposure with F3 and F4 formulations compared to F1
and F2 formulations is purely a solubility enhancement effect due to addition of cyclodextrine
as well alteration of microenvironmental pH due to lactic acid. Better exposure of F4
formulation is related to Span 85, which is prevented the dissolved API from precipitating.
The observed very slow absorption is related to the oily character of the formulation, the
presence of SARI in the samples of plasma was analysed at 48 hours also after the oral

administration.

5.1.5.3 Comparison of the emulsion and suspension formulations: F4 and F5

Interestingly, around a 2-fold higher exposure was reached with the suspension formulation
containing permeability enhancers and solubiliser (F5) over the emulsion formulation where
the base was dissolved totally in lactic acid (F4). The explanation could be the very narrow
good solubility range (2.0 mg/ml) of the API. If the API arrives as an emulsion formulation
into stomach there is a high risk for quick precipitation. Solubilisation with Span 85 in an oil
based emulsion probably was not enough to prevent the base from precipitating at higher pHs
than 1.2 under in vivo conditions. The expectation was confirmed by in vitro precipitation
study. F4 formulation was diluted at 37°C with pH=4.5 acetate and pH=6.8 phosphate buffers
in 1:2 (formulation : buffer) ratio. A milky type precipitation was observed within 2 minutes
[77]. F5 formulation is complex and number of effects might be occuring such as solubility
enhancement with vitamin E TPGS and PEG 200 and microenvironmental pH changes with

lactic acid.

5.1.5.4 Evaluation of the citric acid containing formulation: F6

The main objective of preparing the base and citric acid containing formulation was to prepare
in-situ salt or co-crystal during the wet granulation process. Based on the PK curves of Fig. 8
to reach the targeted exposure was feasible however XRPD shows no evidence of salt or co-
crystal formation. Based on the complexity of the citric acid containing formulation a separate

study was decided to explore the scientific background of the good in vivo performance.
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5.1.5.5 Partially amorphous API containing formulation: F7

The exposure with F7 formulation presented in Fig. 8 is definitely due to an increase in
apparent solubility due to amorphous nature of the formulation [78, 79]. Manufacturing of the
amorphous SARI1 formulation was designed according to the physico-chemical properties of
the API. SAR1 showed good solubility in N-methylpyrrolidone, which was used to dissolve
SAR1 during the preparation of this formulation. The free base has a very high melting
temperature (ca. 300°C), which means a high cohesive self-assembly, and it requires an
excipient for the physical stabilization of the amorphous phase. As the free base is able to
form co-crystals with acidic co-formers, an acidic polymer (Eudragit) was selected as a
stabilizer. To avoid the precipatation of the API upon delivery, a gastro resistant system was
selected. Based on the characterization of the partially amorphous formulation, some traces of
API crystals were measured by X-ray powder diffraction [80] (Fig. 10). Further crystallization
was not detected upon storage. The increase in exposure using this formulation is likely due to

an increase in the kinetic solubility of the API an amorphous material.
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Figure 10: XRPD patterns of the crystalline free base (sample number: 08170) and its
amorphous formulation with Eudragit L.100 55 (sample number: 08839)
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5.1.5.6 Comparison of the base and co-crystal containing formulations:F8

The XRD powder diffraction study of the solid obtained in the reaction of SAR1 and fumaric
acid indicated that this is a crystalline compound. The 'H NMR spectrum of the solid
dissolved in DMSO-Dg proved that it contains SAR1 and fumaric acid in 1:1 molar ratio. An
extended part of the spectrum can be seen in Fig. 11 (signal of 1 hydrogen atom of SARI can
be seen on the left while signal of 2 hydrogen atoms of fumaric acid can be seen on the right
in the spectrum). The comparison of its solid state "N NMR spectrum with those of SARI
base proved that this is a co-crystal of SAR1 and fumaric acid (Fig. 5) [81, 82].

-

~ ] 10000
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Figure 11: 1H NMR spectrum of fumaric acid co-crystal of SAR1 base

The particle size distribution of the API in a co-crystal form was 0.96 um at d(90), 2.66 at
d(50) and 10.90 at d(90) measured by lased diffraction [83].

For better understanding of why the co-crystal containing formulation achieved the best oral
exposure results among all of the formulations, a complementary in vitro kinetic solubility
study was initiated at 37 °C in artificial gastric fluid without pepsin (pH=1.2) and in USP
buffer (pH=6.8) solution. The study design is summarized in Table 6. The kinetic solubility

study was initiated with the free base, the fumaric acid co-crystal and with formulations
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containing both. The same pharmaceutical composition was applied as in formulation (F8)
which provided the best PK results. The candidates were mixed together with Cremophor
ELP, included as a surfactant, permeability enhancer and co-crystal protector. The mixture
was then diluted with the 0.6% methyl cellulose solution. There is no significant difference
between the kinetic solubility results at pH=1.2 (Fig. 12) of the free base and formulated base.
On the contrary, differences in dissolution behavior were identified for the co-crystal. The co-
crystal itself and the co-crystal containing formulation reached higher, 2.5 mg/mL
concentration compared to the free base containing suspensions (1.3 — 1.5 mg/mL). This
higher concentration decreased significantly for the co-crystal formulated as a simple
suspension within 1.5 units. However, the high concentration of the co-crystal was maintained
for the co-crystal formulated with Cremophor ELP. Cremophor ELP is a polyoxyethylene
castor oil from chemical point of view, which has hydrophil and lipophil parts as well. The
integrity of the co-crystal was protected against aqueous microenvironment and dissociation
with the lipophil, castor oil part of Cremophor ELP. These results, the sustained higher
concentration of the co-crystal, plus the pharmaceutical composition which stabilizes the co-
crystal from precipitation, are responsible together for the better in vivo performance of the
co-crystal containing formulation. As it is shown in Fig. 13 no significant differences were
observed between the solubility curves of the base and co-crystal containing suspensions and
pharmaceutical compositions at pH=6.8. According to the good exposure results with a co-
crystal containing formulation the extended good solubility at pH=1.2 is enough to provide

the targeted exposure (Fig. 8).

Table 6: In vitro solubility studies at 37°C in artificial gastric fluid (pH=1.2) and at pH=6.8 in
phosphate buffer solution

5% Cremophor ELP
containing classical

APls APIs Alone suspension formulation
with 0.6% Methyl cellulose
SAR1 ( base) X X
SAR1B (fumaric acid
X X
co-crystal)
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Comparative solubility profile
at pH=1.2 (artificial gastric fluid) at 37 °C
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Figure 12 - Concentration time profile at pH=1.2 for the SAR1 base and co-crystal as an APIs

and in formulations at 37 °C.

= & sSAR109511B: co-crystal as an API, ==—m==SARI09511B: co-crystal in methyl
cellulose + Cremophor ELP suspension formulation, = & =SAR109511: base as an API,
=== SAR109511: base in a formulationin methyl cellulose + Cremophor ELP suspension

formulation
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Comparative solubility profile
at pH=6.8 (phosphate buffer) at 37 °C
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Figure 13 - Concentration time profile at pH=6.8 for the base and co-crystal as an APIs and in
formulations at 37 °C.

= = SAR109511B: co-crystal as an AP, ==m= SAR109511B: co-crystal in methyl cellulose +
Cremophor ELP suspension formulation, - &= SAR109511: base as an API, =

SAR109511: base in a formulationin methyl cellulose + Cremophor ELP suspension

formulation

5.1.6 Conclusions

Based on the physico-chemical and biopharmaceutical evaluation of the API candidates
formulation possibilities for toxicology and for first in man were determined. An increase of
the very low bioavailability of the weak base was feasible with permeability enhancers,
surfactants, acidic excipients, amorphization, and with fumaric acid co-crystal formation. The
fumaric acid co-crystal was selected for development [84] however the strongly pH dependent
solubility profile and high water solubility of the co-crystal former caused further issues.
Sensitivity of the co-crystal to physical disintegration such as dissociation in solution into
base and fumaric acid was solved by the addition of Cremophor ELP to the formulation. The
use of 5% Cremophor ELP, included in the formulation as a permeability enhancer, solubiliser
and co-crystal protector with its castor oil part provided the best oral exposure in a rat model.
Cremophor EL is a well known pharmaceutical excipient for oral and intraveneous

formulations. Serious side effects reported with Cremophor EL intravenous formulations [86,
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87] were not observed when Cremophor ELP was administered by the oral route in the rat
models at 5% concentration. Similar good toxicological results were presented by BASF, the
manufacturer of Cremophor EL in 2008 [41]. The integrity of the co-crystal within the
formulation is essential to reach better bioavailability via faster dissolution kinetics.
Bioavailability increase of a poorly soluble weak base was feasible based on the collaborative

work among chemists, analysts and formulation experts.

5.2 PHARMACEUTICAL PROCESSABILITY - CO-CRYSTAL INTEGRITY AND
PHARMACEUTICAL ROLE OF CREMOPHOR ELP

The target of pharmaceutical development is to administer pharmaceutical co-crystals in
formulations, in which the integrity of the co-crystal is ensured as much as possible. Most
preferred granulation process from industrial manufacturing point of view is the wet
granulation. The aim of this study was to evaluate how the physical integrity of the co-crystal
during a high shear wet granulation process is affected. In addition, the influence of
Cremophor ELP on physical stability and dissolution was studied. Cremophor ELP is
commonly used as solubiliser and is known to ensure the integrity of the co-crystals [10].
Cremophor ELP has been demonstrated to be a well tolerated pharmaceutical excipient via
oral route [86, 87]. SAR1 fumaric acid co-crystal was used as model active pharmaceutical
ingredient in the present study. Increased bioavailability of fumaric acid co-crystal versus the
free base was confirmed in a pharmacokinetic study [10]. The integrity of the fumaric acid co-
crystal of SAR1 active pharmaceutical ingredient was studied after a wet granulation process
[88, 90] with four formulations containing the same qualitative and quantitative composition.
Standard pharmaceutical excipients, particularly water and Cremophor ELP were used in
different addition order to evaluate the robustness of the manufacturing process. The

composition and function of each formulation are summarized in Table 2.
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5.2.1 P1 formulation

API and the excipients of the internal phase were sieved through 0.63 mm sieve size.
Cremophor ELP was added to the internal phase as last excipient and granulation was
performed with water. Drying of the wet internal phase was performed at 50°C until 45
minutes. Calibration of the granules was made on 1 mm sive size and finally stearyl fumarate

sodium of the external phase was added to the granules.

5.2.2 P2 formulation

The active and the excipients of the internal phase were sieved on 0.63 mm sieve size.
Cremophor ELP was added to the granulation liquid. Drying of the wet internal phase was
performed at 50°C until 45 minutes. Calibration of the granules was made on 1 mm sieve size

and finally the excipient of the external phase was added to the granules.

5.2.3 P3 formulation

Water was added directly to the active followed by the excipients of the internal phase.
Cremophor ELP was added to the internal phase as the last excipient. Drying of the wet
internal phase was performed at 50°C until 45 minutes. Calibration of the granules was made

on 1 mm sieve size and finally the excipient of the external phase was added to the granules.

5.2.4 P4 formulation

Cremophor ELP was added directly to the active followed by the excipients of the internal
phase. Granulation was performed with water. Drying of the wet internal phase was
performed at 50°C until 45 minutes. Calibration of the granules was made on 1 mm sive size

and finally the excipient of the external phase was added to the granules.
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5.2.5 Reference formulation

A suspension formulation was prepared as reference to the solid experiments. For the 10
mg/ml concentrated suspension formulation API was manually suspended in a mortar in

methyl cellulose water solution.

5.2.6 Evaluation of XRPD and dissolution results

In a previous work, it was shown that Cremophor ELP can have protective effects against
rapid dissociation of fumaric acid co-crystal of SAR1 as active pharmaceutical ingredient
[10]. Cremophor ELP was included in the formulations at three different positions. It was the
last excipient of the internal phase in two cases (P1 and P3), one time it was added directly to
the API (P4) and one time it was the part of the granulation liquid (P2). Different addition
orders of water within the formulations were investigated as well. In order to evaluate the
effect on the integrity of the co-crystals, water, as standard granulation liquid, was added to
the internal phase in three cases (P1, P2, P4) and in one case it was added directly to the active
(P3). The crystallinity of API in the granules was examined by XRPD (Figure 14). The
appearance of a peak at ~12.0° 20 not related to any starting phase was observed with
different intensities in the granules. This new peak corresponds to a disproportionated free
base observed in the reference formulation (10 mg/ml SARI1 suspension). Based on the results
of our studies the fumaric acid to API ratio was shown to decrease in parallel with the
intensity increase of peak 12.0° 20 in the XRPD pattern of centrifuged suspension samples. It
suggests that in the granulated samples a minor part of the API disproportionates to base and
fumaric acid. The appearance of the disproportionated phase in the granules are represented
by the intensity % of peak 12.0° 2@ compared to peak 11.6° 20 (Table 7). The most intense
change was observed in the P3 sample, where the API was mixed with water in a mortar
before granulation, which is similar to the preparation of the suspension. The highest level of
co-crystal integrity was measured for P2 and P4 formulations where the SAR1 was granulated
with the mixture of water and Cremophor ELP (P2) and when Cremophor ELP was added
directly to SAR1 (P4).

34



Intensity (counts)

— P3

— P4

———— iy

— P2

—— SAR1 cocrystal in 10 mgfml suspension
—— SARI1 cocrystal
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Figure 14: XRPD patterns of the test formulations P1 — P4 compared to SAR1 co-crystal and

SARI co-crystal reference suspension formulation

Table 7: Intensity % of peak 12.0° 2@ compared to peak 11.6° 2 ® (100%)

Samples Intensity %
Pl 4.0
P2 29
P3 6.7
P4 4.3
SARI co-crystal 0.0

When the dissolution kinetics were measured, about 10% dissolution decrease were observed

with P2 compared to the P1 formulation (Table 8 and Fig. 15). The difference in dissolution

among the P2, P4 and P1, P3 formulations is significant at P=0.95 confidence level. A slight
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decrease in dissolution could have a negative impact on bioavailability that is why it is

proposed to increase the content of the disintegrant within the formulation when Cremophor

ELP is used.

Table 8: XRPD and dissolution results of the four test formulations

Formulations Pl P2 P3 P4

Integrity of .

SARI fumaric P1 and P4 highest level lowest level P1 and P4
. same level of . . same level

acid co-crystal of integrity integrity of integrity of integrity

by XRPD method

Dissociation of . . . :

SARI fumaric signs of the signs of the | highest level | signs of the

acid co-crvstal dissociated dissociated of dissociated

by XRPDryme thod co-crystal co-crystal dissociation co-crystal

Dissolution reference ~10 % comparable ~10%

profiles profile decrease with F1 decrease

experimental formulations

Flow through dissolution profiles of SAR1 co-crystal containing

dissolution %

P1:Cremophor ELP last excipients of the internal phase

—o— P2: granulation ligiud: Cremophor ELP + water

—A— P3: API + water, Cremophor ELP last excipient of the internal phase

—— P4: APl + Cremophor ELP

: : —
—— ——

60 70 80 100 110 120
time (min.)

Figure 15: Flow through dissolution profiles of SAR1 co-crystal formulations P1 — P4
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5.2.7 Conclusions

Keeping the integrity of co-crystals as pharmaceutical ingredients after the manufacturing
process is essential to ensure advantages like faster dissolution kinetic and higher
bioavailability [89]. As the physical interaction between the active and its co-crystal former,
these pharmaceutical co-crystals are sensitive to rapid or slow dissociation in aqueous
microenvironment. Four experimental formulations were manufactured to study the influence
of water and Cremophor ELP order of addition in the formulation process. Based on XRPD
results higher integrity of the active as co-crystal was measured when granulation process was
performed with the mixture of Cremophor ELP and water. Fast dissolution kinetic were
obtained with all formulations containing the co-cystal form. This suggests that Cremophor
ELP is a suitable pharmaceutical excipient to increase the physical stability of co-crystals and
to ensure a positive effect on bioavailability. Dissolution profiles of Cremophor ELP
containing formulations needs to be monitored regularly as Cremophor ELP has an effect both
on co-crystal integrity and on dissolution kinetics. However from biological effect point of
view, ensuring co-crystal integrity is more important than a slightly lower dissolution profile

[90].

5.3 FLOW THROUGH DISSOLUTION - A USEFUL TOOL FROM DISCOVERY PHASE
TO PRECLINICAL DEVELOPMENT

5.3.1 Flow through dissolution on the field of co-crystal development

Target of the study was to elaborate a dissolution method that is able to distinguish between
formulations prepared with different particle size distributions of SAR1 fumaric acid (1:1) co-
crystal [91, 92]. Physical integrity of SARI co-crystal after the micronization study was
confirmed by XRPD analysis [93]. The classical paddle type and flow through dissolution
techniques were compared on exploratory formulations. The compositions are summarized in

Table 9.
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Table 9 - Compositions of the co-crystal containing formulations

Batch numbers P-0230209 | P-0250509
Wet granulation process /
API and excipients Function of the excipients mini formulation
%
SARI1 fumaric acid co- 6.3
crystal, not micronized API d(90)=15.7 ym )
SAR1 fumaric acid co- 6.3
crystal, micronized ) d(90)=3.9 um
Mannitol 53.3 53.3
Microcrystalline cellulose Diluent
PH 101 22.9 229
HPMC Binder 5.0 5.0
Crospovidone Type A Disintegrant 5.0 5.0
Surfactant and

Cremophor ELP permeability enhancer 5.0 5.0
Mg stearate Lubricant 2.0 2.0
Colloidal silica anhydrous Glidant 0.5 0.5
200 mg granule contains 10 mg API (expressed in base) 100 % 100 %

5.3.1.1 Discriminative dissolution method development

To establish a discriminative dissolution method, the formulations outlined in Table 9 were
tested firstly in the flow through dissolution equipment [14] to find the best method, and then
in the classical paddle type equipment using the chosen medium [94]. Flow through
dissolution was performed at three different pHs:

- pH=1.2 artificial gastric fluid without pepsin,

- pH=4.5 acetate buffer plus 0.5 % sodium dodecyl sulfate,

- pH=6.8 phosphate buffer plus 0.5 % sodium dodecyl sulfate to ensure the requirement of the

sink conditions.

Flow through dissolution was conducted with a 4.0 mL/min flow rate in the powder cell,
which has five mL volume. The cumulative flow through dissolution curves are summarized
in the Fig. 16. Significant differences between micronized and not micronized SAR1 fumaric
acid co-crystal containing formulations were not measured at pH=1.2 and 6.8 with 0.5 %
sodium dodecyl sulfate however at pH=4.5 with 0.5 % sodium dodecyl sulfate the difference
was significant for the formulations. Based on the flow through dissolution results, acetate

buffer at pH=4.5 with 0.5% sodium dodecyl sulfate was selected as a potential discriminative
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dissolution method to evaluate the prototype formulations in the paddle USP2 dissolution
equipment. The USP2 dissolution measurement was performed with 250 and 500 ml volumes
at 50 rpm. These volumes were selected to avoid the co-crystal from dissociation. Since the
fumaric acid part of the co-crystal has a high solubility in water there is a potential risk for the
co-crystal to be physically unstable and precipitate as the free base before complete
dissolution. This is a potential risk under in vivo conditions as well that is why protection of
the co-crystal form is important within the formulations. Dissolution experiments validated
the concept and classical dissolution curves did not show any differences at pH=4.5 between
micronized and unmicronized containing formulations. The classical dissolution curves are
shown in Fig. 17. No significant differences between dissolution curves were observed in 250
and 500 mL. Disintegration of the co-crystal to base + fumaric acid is quick in large aqueous
volumes. Significance of the protection of co-crystals from dissociation were published by
other scientists also based on in vitro dissolution results [89]. Flow through dissolution

technique is mandatory to support formulation development based on the in vitro results.

5.3.1.2 Conclusions

Flow through dissolution was found to be a good tool for screening co-crystal formulations, as
the smaller volume of this technique eliminated the potential for dissociation between the API
and co-former. Interesting similar results were published by other authors for nanoparticles
containing formulations [95]. The data showed the flow-through cell to be unequivocally the
most robust dissolution method for the nanoparticulate system. Furthermore, the dissolution
profiles conform closely to the classic Noyes—Whitney model, indicating that the increase in
dissolution rate as particles become smaller results from the increase in surface area and

solubility of the nanoparticles.
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Figure 16: Flow through dissolution curves of co-crystal containing prototype formulations
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Figure 17: Classical dissolution curves of prototype formulations

5.3.2 Flow through dissolution on the area of FaSSIF/FeSSIF dissolution

The food effect prediction for ,,C” model as a fumarate salt was performed on the opened type
flow through dissolution equipment, which most closely models in vivo conditions. The most
frequently used media are the fasted and fed simulated small intestinal fluids (FaSSIF and
FeSSIF) developed by Galia et al [96], [97, 98]. Since the studied salt met fresh dissolution

media during the dissolution study the results are closer to the dynamic system of the in vivo
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conditions, than to the static-type classical dissolution techniques. The dissolution results, the
calculated reaction speed constants and the evaluation of the kinetic of the dissolution process

are summarized in Table 10 while the dissolution curves are presented in Figures 18.

5.3.2.1 Conclusions

1.7 times higher absorption (average of FeSSIF/FaSSIF ratio) is expected based on the in vitro
flow through dissolution results after high fat containing breakfast, which means a slight risk
for food effect. FeSSIF:FaSSIF ratio measurement is a standard measurement during
preformulation studies, but if the ratio is based on equilibrium solubility or on classical
dissolution measurements there is high risk for much higher differences during clinical
studies, because classical approaches do not calculate with the dynamic circumstances of the
human body. Based on the above mentioned facts FTDE is proposed to measure the

FeSSIF:FaSSIF ratio.

Table 10: FaSSIF, FeSSIF Flow through dissolution results of ,,C” model material

Dissolution medium FaSSIF, Co=1 mg
Reaction speed constants
Time | py:osolved | Dissolved Remaining | Zero order First order | Evaluation of
. % mg mg (C) the kinetic
(min.) c,-C 2303, Co
k= k= log—
t t C
5 0.02 0.0002 0.9998 0.0040 0.0000
Lag Time
10 3.64 0.0364 0.9636 0.3640 0.0037
30 35.32 0.35323 0.6468 1.1774 0.0145
45 48.48 0.48477 | 0.5152 1.0773 0.0147
60 57.74 | 0.57743 0.4226 0.9624 0.0144 First order
90 65.40 | 0.65397 | 0.3460 0.7266 0.0118
120 72.98 0.72977 | 0.2702 0.6081 0.0109

Table 10 (cont.): FaSSIF, FeSSIF Flow through dissolution results of ,,C” model material
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Dissolution medium FeSSIF, Co=1 mg

5 0.04 0.0004 0.9996 0.0080 0.0001
Lag Time
10 9.07 0.0907 0.9093 0.9073 0.0095
30 63.04 0.6304 0.3696 2.1012 0.0332
45 76.54 0.7654 0.2346 1.7010 0.0322
60 87.33 0.8733 0.1267 1.4555 0.0344 First Order
90 93.95 0.9395 0.0605 1.0439 0.0312
120 | 100.51 1.0051 -0.0051 0.8376 -

FaSSIF Flow through dissolution curves of ,,C”

model material

,,C” model material

FeSSIF Flow through dissolution curves of
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Figure 18: FaSSIF, FeSSIF dissolution curves and first order graphic of “C” model material
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5.3.3 Flow through dissolution on the field of salt selection studies

The flow through dissolution study was performed on two salts (fumarate and di-sulfate) and
on the base form of the ,,C” model. The results are presented in Figure 19. The dissolution
study was prepared at pH=1.2, 3.0, and 7.4 furthermore at pH=7.4 with 0.5 % Tween 80.
Based on the flow through dissolution curves it can be seen that the dissolution behavior of
the tested two salt forms and the base form is similar (they have decreasing solubility from
pH=1.2 to 7.2), however fumarate salt has the best dissolution rate at pH=7.4 when Tween 80
was measured into the dissolution medium. This fact was used during the formulation

development of the fumarate salt of the ,,C” model.
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80
70 4
60
50 4
40
30 4
20 4
10
0
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0 20 40 60 80 100 120 140 160 180 200 220 240

time (min)

—o—pH=1.2 —8— pH=3.0 —&—pH=7.4 ——pH=7.4+0.5% Tween 80

Figure 19: Comparative flow through dissolution curves of ,,C” model material
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Figure 19 (cont.): Comparative flow through dissolution curves of ,,C” model material

5.4 ELABORATE A PRACTICAL GUIDANCE FOR SCIENTISTS TO FORMULATE CO-
CRYSTALS AS ACTIVE PHARMACEUTICAL INGREDIENTS

In presence study Cremophor ELP was ensured the physical integrity of SARI1 co-crystal as
an API. Cremophor ELP could be a possible co-crystal protector for other co-crystals too
however its effect on co-crystal integrity has to be analysed carefully in collaboration with
chemical and analytical experts. Early drug formulation approach will be implemented into
the research process to gain robust results during PK/PD investigations. Flow through

dissolution equipment has mandatory to evaluate co-crystal containing formulations.
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6 SUMMARY

Designing of pharmaceutical co-crystals is feasible among e.g. carboxylic acid, alcohol-amine
and alcohol-pyridine moieties of the parent API and co-crystal formers. Co-crystals are
sensitive to dissociation in aqueous microenvironment that is why a cooperation is needed
among chemists, analysts and formulations experts to protect and monitor the physical
integrity of these special APIs. Critical physico-chemical and pharmaceutical parameters of a
co-crystal containing formulation development were explored. Strong collaboration of CMC
(Chemical, Manufacturing and Control) [99] experts ensured for the success of the study.
Pharmaceutical co-crystals can provide a solution in case of bioavalailability issue justified on
SARI1 co-crystal. The faster solubility and dissolution kinetic of co-crystals is responsible for
higher absorption however keeping the integrity of the co-crystal as a pharmaceutical active
ingredient is essential to reach the targeted effect and ensure the robustness of the formulation.

The physical integrity of SAR1 co-crystal was protected with Cremophor ELP.

Early drug formulation has mandatory from lead selection phase to ensure PK/PD studies with
robust formulations. Pharmaceutical processability of clinical formulations needs to be
evaluated during formulation development. The results of the Early Drug formulation was
evaluated from pharmaceutical processability point view on SARI1 co-crystal. The best
sequence of Cremophor ELP and the granulation liquid as water was determined from the co-
crystal integrity point of view. The best co-crystal integrity was reached, when the granulation
process was performed with the mixture of Cremophor ELP and water. Small decrease in
dissolution results is expected coming from the effect of the oily part of Cremophor ELP [49].
Double effect of Cremophor ELP on co-crystal integrity and small decrease in dissolution is

not separatable.

Viewpoints of Early Drug Formulation were followed during the preparation of prototype
formulations administered to animals. Solutions, suspensions and enabling formulations were

manufactured during the Discovery phase.

Flow through dissolution technique is an excellent tool for evaluating several candidates of
both Discovery and Preclinical phase [100] in particular when low quantities are available

from candidates for pharmaceutical evaluation. This technique is able to support the
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development of a discriminative dissolution method, even if it is unfeasible with a classical
dissolution approach in 500 ml or 1000 ml dissolution medium. The opened-type FTDE
represents the dynamic system of the human body in a better way than the classical paddle or
basket methods that is why FTDE has a definitely higher role during the Discovery and
Preclinical studies, in particular for BCS II and IV type candidates. Based on the results it can
be stated that flow through dissolution techniques has mandatory to study the dissolution

properties of co-crystal API containing formulations.

As a future guidance for scientists we have to emphasise that pharmaceutical development of
co-crystals is feasible with protective excipients such as Cremophor ELP to ensure the

physical integrity and the therapeutic effect of these special active pharmaceutical ingredients.
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ABSTRACT: The target of this article is to summarize the
chemical and pharmaceutical (formulation) approaches that
were found to be suitable for increasing the bioavailability of a
model weak base (SAR1) with a very narrow good solu-
bility range at physiologically relevant pH.' As part of the
preformulation and formulation development to support
toxicological and first in man studies of a free base (SAR1),
several formulation approaches, including particle size reduc-
tion, emulsions, permeability enhancers, amorphous disper-
sions, salt formation, and co-crystal formation, were screened
by in vitro dissolution methods and in vive pharmacokinetic
(PK) studies to evaluate and rank formulation performance,
From the PK studies, it was observed that a suspension
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formulation containing a SARI fumaric acid (1:1) co-crystal provided the best oral exposure. Sensitivity of the co-crystal to
physical disintegration into base and fumaric acid was solved by including Cremophor ELP as a solubility enhancer, surfactant,
and co-crystal protector. This formulation was well-tolerated in rat. A flow-through dissolution method was more discriminating
than the paddle type dissolution equipment for evaluation of co-crystal containing solid formulations.

1. INTRODUCTION
1.1. General Introduction. One of the most difficult

pharmaceutical formulation tasks is to improve the absorption
of a weak base with poor and pH-dependent solubility
properties; however, some combined chemical and formulation
approaches give the possibility to reach this goal® Usually
applied chemical tools are the salt and/or co-crystal formation,
while the pharmaceutical approaches are micronization, nano-
nization, and elaboration of lipidic and amorphous formula-
tions. However, to reach the targeted pharmacokinetic/
pharmacodynamic profiles, synergies of different chemical and
pharmaceutical tools are needed. The aim of this article is to
explore and apply the synergies among chemical and pharma-
ceutical tools.

1.2, Physicochemical and Biopharmaceutical Proper-
ties of the Candidates. SAR] was evaluated as a model
compound (Figure 1) planned for use in the oncology
area. The measured Caco-2 permeability value of SAR1 was
32 % 1077 em/s, which indicates a potentially good in vivo
permeability.

The evaluation of the key and critical physicochemical and
biopharmaceutical properties of this APl is summarized in
Table 1, together with the data of its di-HCI salt and the SAR1
fumaric acid (1:1) co-crystal. The co-crystal formation was

. 4 ACS Publications @ 2012 Ameriean Chemical Seciety
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Figure 1. SARI as a model active pharmaceutical ingredient (API).

done between the pyridine nitrogen and carboxylate group of
the fumaric acid verified by ssNMR data [Figure 6). The API,
as a weak base, shows salt formation with strong acids such as
hydrochloride acid only, the presence of which causes the
hydrolysis of the amide bond and the formation a 2-amino-
pyridine and the corresponding carboxylic acid. On the basis of
the above-mentioned acidic hydrolysis of the AP, the chemical
stability of SAR1 and potential formulations in the presence of
HCI is not suitable,

Another issue of the dihydrochloride salt was that
stoichiometric salt formation was not feasible. However, the
manufactured HCI salt showed promising oral absorption and
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Table 1. Critical Physicochemical and Biopharmaceutical Properties of SARI as a Function of Crystal Form

proposed solutions

Weak Base

parameters issues
pK, =19 Salt formation with strong acids
pKa =35 Chemical stability of the formulation
cannot be ensured
bicavailability poor, below 2%

equilibrium solubility strongly pH dependent

stoichiometry not stoichiometric

physicochermical stability unstable

bioavailability moderate bioavailability
28% 100 mg/ky
5.9% 300 mg, kg

focus on cocrystal formation

decrease particle size and evalnate permeability enhancers and amorpization

solubilization
“di-HCI" Salt of the Weak Base

stop the development
stop the development

focus on salt-like candidates such as co-crystals

Co-Crystal of the Weak Base

the character of the drug substance in
the drug product

equilibrium solubility

integrity of the cocrystal during drug
product manufacturing

dependent strongly on pH

follow the cocrystal integrity during the manufacturing process avoid
pharmaceutical excipients harmful for co-crystal integrity

solubilization

bicavailability. In a rat model, over 100 mg/kg oral dose, the
exposure did not increase proportionally with the dose and
biovailabilty ranged between 28% after a 100 mg/kg dose and
59% after a 300 mg/kg dose. On the basis of the chemical
instability and stoichiometry issue, the di-HCI salt was net
suitable for development but showed the potential of focusing
on co-crystals as a way to improve oral bioavailability.

The weak base itself showed excellent physicochemical
stability, but very poor oral bicavailability in rat animal maodel.
On the basis of the very low (below 2%) bioavailability of the
base, particle size reduction using micronization and nano-
milling was explored as formulation options. Futhermore, the
use of permeability enhancers as pharmaceutical excipients, in
situ salt formation with wet granulation, and amorphization was
explored.

One factor to consider in the observed low oral
bicavailability is the strong pH dependence of SAR1 aqueous
solubility. The equilibrium solubility is 2 mg/mL at pH = 1.2 in
artificial gastric fluid which decreases to below 0.05 mg/mL at
pH = 2.0 at 37 °C.

Measured pK, values of SAR1 are pK,, =29, pK,, =35asa
divalent base. If the pK, values are close to one another, the
below mentioned equation describes the solubilization process:

lc'gCB_2 = log Sypy + 2(pH — pK,)

where C is the concentration, and § is the solubility.

A logarithmic solubilization slope of 2.0 corresponds to a
dramatic 100-fold change in solubility with each one unit
change in a pl—i’..3

Because of basic compounds with sharp pH-dependent
solubilities, such compounds solubilized in the gastric fluid are
very likely to precipitate after the solution empties from the
stomach into the small intestine.’

On the basis of the very narrow good solubility range of the
candidates, the use of surfactants in the formulations was
investigated to enhance in wvivo dissolution and create the
possibility of a relevant in vivo exposure.

A further complication in developing suitable formulations
for SARL was the high aqueous solubility of the fumaric acid
used as the co-crystal former. In the case of co-crystals, there
are only hydrogen bonds between the parent compound and
the co-crystal former. If the co-crystal was instilled into a highly
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aqueous environment during the manufacturing of the
formulation, without any protecting effect, it would likely
cause the loss of integrity (dissociation) between the parent
and the co-crystal former. This dissociation could have an
impact on the biological advantage of administering a co-
crystal.

2. MATERIALS AND METHODS

2.1. Materials. 2.1.1. Active Pharmaceutical Ingredients. Three
active pharmaceutical ingredients were evaluated and com-
pared. These are SARI as a weak base, its di-HCI salt, and its
co-crystal with fumaric acid, All API study batches were
manufactured in laboratory scale from 10 to 30 g. Resynthesis
batch of the fumaric acid co-crystal was manufactured in 0.7 kg
scale.

2.1.2. Buffers. Buffer solutions were prepared according to the USP
and Ph Eur recommendations,

2.1.3. Pharmaceutical Excipients. Cremophor ELP was ordered
from BASF. Cremophor ELT, a purifed grade of Cremophor EL, was
specially developed for sensitive active ingredients, as the higher purity
was found to improve their stability.ﬁ

Tween 80, lactic acid, citric acid, Span 85, PEG 200, and sodium
hydroxide were purchased from Merck, while Eudragit L100 55 was
ordered from Ewvonic. Some pharmaceutical excipients such as
mannitol, sulfobuthyl [ cydodextrin, vitamin E TPGS, PVP K25,
sodivm docusate, Miglyol 812 N, sodium dodecyl sulfate, methyl
cellulose, HPMC, crospovidone, microcrystalline cellulose, magnesium
stearate, and colloidal silica anhydrous were ordered from the internal
warehouse of Sanofi.

2.2,  Methods. 2.2.1. Chemnical Manufacturing. 2.2.2.1. SART
as a Fumaric Acid Co-Crystal. The reactor was charged with
acetone (12 L), SARI base Form ITI (592 g, 1.29 mol), and fumaric
acid (600 g, 5.16 mol). The slurry was stirred at room temperature
for 24 h, and the crystals were filtered off, washed with water (1 L)
and ethanol (1 L), and dried in a vacuum at 80 °C for S h.

Yield: 723 g (94.0%) of pale yellow powder. The purity of the
product was 98.9% (HPLC).

2.2.1.2. SAR1 as a Dihydrochlaride Salt. SARI (29 g) was added to
methanol (1370 mL) under nitrogen. The suspension of API was
stirred in Ultra Turrax system for 30 min at room temperature,

The concentrated hydrochloric acid (8.03 mL, 2.3 equiv) diluted in
25 mL of methanol was added to the mixture in 30 min. The slurry
was obtained in yellow color, The stirring was maintained overnight at
room temperature. The cake was rinsed with methanol after filtration
and dried under vacuum at 30 °C. Measured molar ratio was 1.95.

2.2.2. Analytical Methods. The analysis of samples was performed
on Agilent 1100 type HPLC equipment with gradient method to

dx dolorg/10.1021/cg2004629 | Cryst. Growdh Des, 2012, 12, 1101=1110
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Table 2. Formulation Approaches

type of the concentration administration
name of the formulation formulation composition of the formulations of SARL volumes by cral route
Weak Base
F1: micronized APl contaning formulation microsuspension  micr. API: 0.6% MC sol.: Tween 80 5.0 a:;d 150 20 mL/kg
mg/mL
0.5: 99: 0.5%
1.5: 98: 0.5%
F2: nanomilled API containing formulation nanosuspension  nan. APT: PVP K25: DOSS: Tween 80: 5.0 and 150 20 mL/kg
water mg,/ml
0.5: 3: 0L15: 0.4: 95.95%
L.5: 3: 0.15: 04 94.95%
E3: lactic acid + eyclodextrin (CD) containing w/o emulsion API: lactic acid: CD: miglyol 5.0 and 15.0 20 mL/kg
formulation mg/mL
0.5: 24 50 70.5%
1.5: 28: 5: 65.5%
Fa: lactic acid + Span 85 containing formulation w/o emulsion API: lactic acid: Span85: Miglyol 5.0 ai}d 15.0 20 mL/kg
mg/mL
0.5: 24 5: 70.5%
L.5: 28: 5. 65.5%
E5: lactic acid + permeability enhancers + suspension APL: Crem. ELP: lactic a.: vitamin E TPGS: 10,0 and 30.0 10 mL/kg
solubilization NaOH sol. 3 M: PEG 200 mg/ml,
1: 5: 8.86: 30: 6: 49.14%
3: 5: B.86: 30: 6: 47.14%
F6: citric acid containing stock granule suspension APT + citric acid containing granule: 0.6% 10,0 and 300 10 mL/kg
MC sol. mg/mL
3: 30.3: 66.7%
9: 30.3; 60.7%
F7: partially amorphous APT containing formulation  suspension APT: Eudragit L100=35: 0.6% MC sol.: SDS  10.0 :nde.{] 10 mL/kg
mg/'m
1: 1.38: 95.62: 1%
3: 4.14: 90.86: 1%
Co-Crystal with Fumarie Acid
E#: permeability enhancer, solubilizer and cocrystal  suspension APL: Crem. ELP: 0.6% MC sol. 10.0 and 30.0 10 mL/kg
protector containing formulation mg/mL
1: 5: Q4%
3: 5: 92%

evaluate solubility and chemical stability of APIs and formulations as
well.

HPLC parameters were Purospher STAR § gm C18, 125 mm X 4.0
mm column, The HPLC analysis was performed at room temperature,
with 10=50 pL injection volume and 1.0 mL/min flow rate. The A
eluent composition was acetonitrile/pH = 1.5 buffer solution
(100:900). Preparation of the buffer salution: 10 mM
NaH,PO,-2H,0O, its pH was set to pH = 2.5 with H,PO,,

The B eluent wus acetonitrile. The ratio of the A eluent was
100:100:35:35:100 at 0, 2, 17, 24, and 25 min.

The samples were analyzed at 225 nm with UV detector. The
concentrations of the standard calibration curve were 6, 10, and
14 pg/mL.

Bivassay was performed with a bicanalytical method: exploratory
LC-MS/MS method form plasma as a matric. LOQ was 1 ng/mL.

The stoichiometry of the prepared co-crystal was checked by 'H
NMR spectroscopy. The sample was dissolved in DMSO-d,. The 'H
NMR spectrum was recorded at 400,13 MHz on 2 Bruker DRX-400
spectrometer using 30° pulse length and 10 s relaxation delay. Solid
state characterization of the drug substance forms was performed by
solid state “N NMR spectroscopy and x-ray powder diffraction
(XRPD).

Experimental dissolution work was carried out in opened, Sotax
type flow-through dissolution and Hanson-type paddle dissolution
equipment. The temperature of the media was 37.0 £ 05 °C.
Dissolution samples were collected by a fraction collector for both
dissolution techniques followed by HPLC analysis. Samples were
collected for up to 60 and 120 min,

2.2.3. Pharmaceutical Methods. Manufacturing of the exploratory
formulations were performed on a laboratory scale using 20-100 g
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batch size. Qualitative and quanlitative compositions of the
formulations are summarized in Table 2.

Eight formulations were prepared and tested in oral animal
pharmacokinetic studies,

Formulation 1 was a suspension containing micronized SARL in
methylcellulose and Tween 80 vehicle. Micronized material was
manufactured on a laboratory-scale spiral jet mill, and nanosuspension
was prepared by Elan type nanotechnology® (F1 and F2 formulations).

The API was fully dissalved in lictic acid (0.5 and 1.5 g of SARI
base was dissolved in 28 g of lactic acid) before preparation of the
Miglyol 812 N based w/o emulsions (F3 and F4 formulations). The
lactic acid solution was combined with 5% sulfobutyl # cyclodextrin in
the case of F3 formulation while the F4 formulation contained 5%
Span 83 to avoid free base precipitation at intestinal pH.

The weak base containing suspension formulation was prepared in a
mortar with pestle (FS formulation). SAR1 free base was suspended
with 5% Cremophor ELP first, followed by lactic acid; 20% aqueous
solution of vitamin E TPGS and PEG 200 was added to the
suspension. pH adjustment to 4.0 was performed with NaOH solution.

The weak base and citric acid containing formulation was prepared
with a classical wet granulation process. The excipients of the internal
phase were citric acid, mannitol, microerystalline cellulose, HPMC,
and crospovidone, Water was used as a granulation liguid. The
components of the external phase were colloidal anhydrous silica and
magnesium stearate. One portion of the elaborated stock granule was
diluted with two portions of 0.6% methyl cellulose solution before
administration to animals (F6 formulation).

A stabilized, amorphous solid solution preparation was initiated
from the joint N-methyl-pyrrolidine solution of SAR1 weak base and
Eudragit L100-55. A drop dispersion was performed with water

ddolorg/10.1021/c02004629 | Cryst. Growth Des. 2012, 12, 1101=1110
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followed by the centrifugation of the suspension and washing with
water. Filtration and drying were done at 100 °C for 4 h (F7
formulation), The partially amorphous SAR] was dosed in 2% sodium
dodecyl sulfate containing 0.5% methyl cellulose suspension.

The co-crystal of SAR1 with fumaric acid was suspended with
Cremophor ELP first before dilution with 0.6% methyl cellulose
solution to protect co-crystal from dissociation (F8 formulation).

2.2.4. Animal Studies. Species are male rats. Approximate weight at
initiation of dosing was between 210 and 270 g The age of rats at
initiation of dosing was 7 weeks.

3. RESULTS AND DISCUSSION

3.1, Selected Formulations for Pharmacokinetic
Evaluation (PK) on Rat Animal Model. On the basis of
the physicochemical and biopharmaceutical evaluation of the
candidates (the weak base and the co-crystal) (Table 1), the
below mentioned formulations (Table 2) were prepared for a
PK evaluation. The role of each excipient is summarized in
Table 3.

Table 3. Role of the Chemical and Pharmaceutical
Excipients

name of the

excipient role of excipient within the formulations

Chemical Excipients
fumaric acid co-crystal former
Pharmaceutical Excipients

protect the dissolved APL from precipitation, improve
permeability and protect the integrity of the co-crystal

Cremophor ELP®

docusate sodium  secondary stabilizer of the nanosuspension

(DOSS)

Eudragit LID0-35  support amorphization of the AP1

citric acid provide acidic microenvironmental pH of the granule

laetic acid solvent of the API

methyl cellulose diluent/suspending agent
(400 mPa-s)

Miglyol” diluent for emulsion and permeability enhancer

NaDH, 3 M pH adjustment to 40
solution

PEG 2007 diluent and permeability enhancer

PVP K25 primary stabilizer of the nanosuspension

Span 85° surfactant, protect the dissolved API from

precipitation, permeability enhancer

sodium dodecyl surfactant, protect the dissolved APL from precipitation
sulfate (SDS) and improve permeability

sulfobutyl §# improve permeability of the API/solubilizer
cyl:]udzxtn'nw

Tween 80" surfactant, protect the dissolved API from precipitation

and improve permeability

vitamin E protect the solved AP from precipitation and improve

PGS permeability

The administration volumes were decreased from 20 to
10 mL in the rat animal model to increase the tolerability of the

formulations. To compensate for the lower dose volume,
the concentrations of SARI in formulations F5, F6, F7,
and F&8 were doubled from 5 and 15 mg/mL to 10 and
30 mg/mL.

Chemical stability of the formulations were monitored by
HPLC. Formulations were stored at 5 °C during the course of
the study to ensure chemical stability. The total degradation
observed at 5 °C after 2 weeks was below 2%, which is
acceptable for a Discovery animal study.

3.2. Pharmacckinetic Results. The measured exposure
(AUC) results were summarized in Table 4 and its graphic
representation can be seen in Figure 2.

Comparison of exposures
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Figure 2. AUC function of dose. F1: base micronized, F2: hase
nanonized, F3: base + lactic acid + CD, F4: base + lactic acid + Span
85, F5: base + lactic acid + permeability enhancer + solubilization, Fé:
citric acid containing stock granule, F7: partially amorphous API, F8:
cocrystal + permeability enhancer + solubilizer + co-crystal protector,

3.3. Evaluation of PK Results, The targeted exposure
(100 pg-h/mL) was reached with three formulations (Fé, F7
and F8) after 100 mg/kg and 300 mg/kg single oral dose and
also with formulation F3 after 300 mg/kg dese only.

With formulation F7 a decrease in exposure was observed
between 100 and 300 mg/kg. For the other formulations, a lack
of dose proportionality was also observed but not a decrease.
On average, the best exposure, at both doses, was reached with
the fumaric acid co-crystal containing formulation (Fg).t3 1%
The measured AUC results were promising with the partially
amorphous base containing formulation (F7)'® as well, but
because of a scalability issue and the decrease in terms of
exposure at higher dosage, the co-crystal containing formula-
tion got the first priority.

The targeted exposure was reached with the citric acid
containing formulation as well (F&); however, it was kept as a
back-up option based on the complexity of the formulation for
toxicological studies.

Table 4. Pharmacokinetic Parameters

AUC (pgh/mL)

base + lactie base + lactic acid + citrie acid partially cocrystal +
dose base hase base + lactic  acid + Span permeability enhancers + confaining stock  amorphous  permeability enhanser
(mg/kg) micronized  nanomilled  acid + €D 85 solubilization granule API + solubilizer
code of the F1 F2 F3 P4 E5 Fa E7 E8
formulation
100 14 10 416 440 BL5 180 344 262
300 30 19 40.2 63.1 104.0 205 212 335
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Encouraging absorption was reached with the base
containing suspension formulation (F5).

A very slight increase in terms of exposure was observed
using the emulsion formulation containing sulfobutyl #
cyclodextrin complex (F3). Adding a surfactant to the emulsion
formulation (F4) rather than cycodextrin led to a slight
increase in exposure (F3).

The decrease of the particle size of the base form to
micrometer or nanometer ranges did not increase the oral
exposure (F1 and F2 formulations). The results suggest that
rapid precipitation of the free base at intestinal pH negated any
improvement in the rate of dissolution afforded by the
reduction in particle size.

3.4. Evaluation of the Formulation Approaches
Based on the PK Results. 3.4.1. Micronized and Nanomilled
APl Containing Formulations:F1 and F2. Decreased particle
sizes of the API (weak, crystalline base) below 20 ym (d90) for
micronized and 400 nm (d90) for nanoformulations did not
reach the targeted oral exposure of 100 pgh/mL. Figure 3

Y
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30 4 50 60 TO RO 90 100 110 120

10

20
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Figure 3, Comparative dissolution data of base and nanoformulation.
Red solid squares: micronized base: pH 1.2. Green X's: micronized
base: pH 6.8. Blue solid diamonds: Nanoformulation: pH 1.2. Purple
solid triangle:nanoformulation: pH 6.8.

compares the dissolution curves for the micronized weak base
and for the nanoformulation at two pH values. According to the
dissolution curves, the nanoformulation showed 100% dis-
solution at pH = 1.2 in artificial gastric fluid within 10 min.
Contrary to the nanoformulation, the free base dissolved below
40% within the same time period. The dissolution was signifi-
cantly decreased at pH = 6.8 in both formulations based on
pH-dependent solubility of SARI.

The equilibrium solubility of the free base at pH = 1.2 in
artificial gastric fluid at 37 °C is 2.0 mg/mL, which is decreased
to 0.05 mg/mL at pH = 2 buffer solution. On the basis of the
observed low exposure results in Figure 2 independently of
doses the particle size reduction was not effective. It is expected
that irrepective of particle size, such a weak base would
precipitate with a change in pH leading to poor exposure; that
is why differences were not measured for micronized and
nanonized formulations.

3.4.2. Evaluation of the w/o Emulsion Formulations: F3
and F4. F3 and F4 formulations were prepared as oil based
emulsions because of the high hydrophobicity of SARI, and
preparation of an agueous solution was not feasible even with
surfactant. Dilution of the dissolved SARI1 in lactic acid was
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feasible with an excipient with high apolarity such as
Miglyol. An increase in exposure was measured in contrast
to the micronized and nanonized formulations, but
the exposure results did not fulfill the targeted AUC value
(100 gg-h/mL).

Increased exposure with F3 and F4 formulations compared
to Fl and F2 formulations is purely a solubility enhancement
effect due to addition of cyclodextrine as well as alteration of
microenvironmental pH due to lactic acid. Better exposure of
F4 formulation is related to Span 85, which is preventing the
dissolved API from precipitating. The observed very slow
absorption is related to the oily character of the formulation;
the presence of SARI in the samples of plasma was analyzed at
48 h also after oral administration.

3.4.3. Comparison of the Emulsion and Suspension
Formulations: F4 and F5. Interestingly, around a 2-fold higher
exposure was reached with the suspension formulation
containing permeability enhancers and solubilizer (F5) over
the emulsion formulation where the base was dissolved totally
in lactic acid (F4). The explanation could be the very narrow
good solubility range (2.0 mg/mL) of the APL If the API
arrives as an emulsion formulation into the stomach, there is a
high risk for quick precipitation. Solubilization with Span 83 in
an oil based emulsion probably was not enough to prevent the
base from precipitating at higher pHs than 1.2 under in vive
conditions. The expectation was confirmed by an in vitro
precipitation study. F4 formulation was diluted at 37 "C with
pH = 4.5 acetate and pH = 6.8 phosphate buffers in a 1:2
(formulation: buffer) ratio. A milky type precipitation was
observed within 2 min.

F5 formulation is complex and a number of effects might be
occurring such as solubility enhancement with vitamin E TPGS
and PEG 200 and microenvironmental pH changes with lactic
acid.

3.4.4. Evaluation of the Citric Acid Containing Formula-
tion: F6. The main objective of preparing the base and citric
acid containing formulation was to prepare in situ the salt or co-
crystal during the wet granulation process. On the basis of the PK
curves of Figure 2 to reach the targeted exposure was feasible;
however, XRPD shows no evidence of salt or co-crystal
formation. On the basis of the complexity of the citric acid
containing formulation, a separate study was conducted to explore
the scientific background of the good in vivo performance.

3.4.5. Partially Amorphous APl Containing Formulation:
F7. The exposure with F7 formulation presented in Figure 2 is
definitely due to an increase in apparent solubility due to the
amorphous nature of the formulation.

Manufacturing of the amorphous SAR1 formulation was
designed according to the physicochemical properties of the
APL SAR1 showed good solubility in N-methylpyrrolidone,
which was used to dissolve SAR1 during the preparation of this
formulation.

The free base has a very high melting temperature (ca. 300 °C),
which means a high cohesive self-assembly, and it requires
an excipient for the physical stabilization of the amorphous
phase. As the free base is able to form co-crystals with acidic
coformers, an acidic polymer (Eudragit) was selected as a
stabilizer. To avoid the precipatation of the API upon delivery,
a gastro resistant system was selected. On the basis of the
characterization of the partially amorphous formulation, some
traces of API crystals were measured by XRPD (Figure 4).
Further crystallization was not detected upon storage. The
increase in exposure using this formulation is likely due to an
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Figure 4. XRPD patterns of the crystalline free base (sample number: 08170) and its amorphous formulation with Eudragit L100 55 (sample

number: 08839),
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Figure 5. 'H NMR spectrum of famaric acid co-crystal of SARI base,

increase in the kinetic solubility of the API, an amorphous
material.

3.4.6. Comparison of the Base and Co-Crystal Containing
Formulations: F8. The XRPD study of the solid obtained in the
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reaction of SAR] and fumaric acid indicated that this is a
crystalline compound. The 'H NMR spectrum of the solid
dissolved in DMSO-d; proved that it contains SAR1 and
fumaric acid in a l:1 molar ratio. An extended part of the

di dolorg/10.1021/c0200462g | Cryst. Growth Des. 2012, 12, 1101=1110
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Figure 6. Solid phase NMR spectrum of SARI base and its co-crystal with fumaric acid.

spectrum can be seen in Figure § (signal of one hydrogen atom
of SARI can be seen on the left, while signal of two hydrogen
atoms of fumaric acid can be seen on the right in the spectrum).
The comparison of its solid state "N NMR spectrum with
those of SAR1 base proved that this is a co-crystal of SARI and
fumaric acid (Figure 6)."”

The particle size distribution of the API in a co-crystal form
was 096 um at d(90), 2.66 at d(50), and 10.90 at d(90)
measured by laser diffraction.

For better understanding of why the co-crystal containing
formulation achieved the best oral exposure results among all of
the formulations, a complementary in vitro kinetic solubility
study was initiated at 37 °C in artificial gastric fluid without
pepsin (pH = 1.2) and in USP buffer (pH = 6.8) solution. The
study design is summarized in Table 3. The kinetic solubility

Table 5. In Vitro Solubility Studies at 37°C in Artificial
Gastric Fluid (pH = 1.2) and at pH = 6.8 in Phosphate
Buffer Solution

5% Cremophor ELP containing classical

APIs suspension formulation with 0.6% methyl
APILs alone cellulose
SARL (base) X X
SARLB (famaric X X
acid cocrystal)

study was initiated with the free base, the fumaric acid co-
crystal, and with formulations containing both. The same
pharmaceutical composition was applied as in formulation (F8)
which provided the best PK results. The candidates were mixed
together with Cremophor ELP, included as a surfactant,
permeability enhancer, and co-crystal protector. The mixture
was then diluted with the 0.6% methyl cellulose solution.
There is no significant difference between the kinetic
solubility results at pH = 1.2 (Figure 7) of the free base and
formulated base. On the contrary, ditferences in dissolution
behavior were identified for the co-crystal. The co-crystal itself
and the co-crystal containing formulation reached a higher,
2.5 mg/mL concentration compared to the free base containing
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suspensions (1.3—1.5 mg/mL). This higher concentration
decreased significantly for the co-crystal formulated as a simple
suspension within 1.5 units. However, the high concen-
tration of the co-crystal was maintained for the co-crystal
formulated with Cremophor ELP. Cremophor ELP is a
polyoxyethylene castor oil from the chemical point of
view, which has hydrophil and lipophil parts as well. The
integrity of the co-crystal was protected against the aqueous
microenvironment and dissociation with the lipophil, castor
oil part of Cremophor ELP.

These results, the sustained higher concentration of the co-
crystal, plus the pharmaceutical composition which stabilizes
the co-crystal from precipitation, are together responsible for
the better in vivo performance of the co-crystal containing
formulation.

As it is shown in Figure 8 no significant differences were
observed between the solubility curves of the base and co-crystal
containing suspensions and pharmaceutical compositions at
pH = 6.8. According to the good exposure results with a co-
crystal containing formulation, the extended good solubility at
pH = 1.2 is enough to provide the targeted exposure (Figure 2).

3.5. Exploratory Dissolution Experiments. 3.5.7. Dissolu-
tion Study of the co-crystal Containing Formulations. Target
of the study was to elaborate a dissolution method that is able
to distinguish between formulations prepared with different
particle size distributions of SARI fumaric acid (1:1) co-crystal.
The classical paddle type and flow-through dissolution techniques
were compared on exploratory formulations. The compositions
are summarized in Table 6.

3.5.2. Discriminative Dissolution Method. To establish a
discriminative dissolution method, the formulations outlined in
Table 6 were tested first in the flow-through dissolution
equipment'® to find the best method, and then in the classical
paddle-type equipment using the chosen medium. Flow-
through dissolution was performed at three different pHs:

- pH = 1.2 artificial gastric fluid without pepsin
- pH = 4.5 acetate buffer plus 0.5% sodium dodecyl sulfate
- pH = 6.8 phosphate buffer plus 0.5% sodium dodecyl

sulfate to ensure the requirement of the sink conditions.

di.dolorg/10.1021/c0200462g | Cryst. Growth Oes. 2012, 12, 1101=1110
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gure 7. Concentration time profile at pH = 1.2 for the SAR1 base and co-crystal as an APl and in formulations at 37 “C. Blue open diamond:

SARI09511B: co-crystal as an APL Green solid square; SAR10951 1 B: coerystal in methyl cellulose + Cremophor ELIP suspension formulation. Red
open triangle: SARI09511: base as an APL Orange solid triangle: SARI109511: base in a formulationin methyl cellulose + Cremophor ELP

suspension formulation,

Comparative soluhmty proi'Tln
at pH=6.8 (phosphate buffer) at 37 °C

Figure 8. Concentration time profile at pH = 6.8 for the base and co-crystal as an API and in formulations at 37 °C. Blue solid squares:
SAR109511B: co-crystal as an APL Green solid squares: SAR109511B: co-crystal in methyl cellulose + Cremophor ELP suspension formulation. Red
open triangles: SAR109511: base as an APL Orange solid triangles: SAR109511: base in a formulationin methyl cellulose + Cremophor ELP

suspension formulation,

Flow-through disselution was conducted with a 4.0 mL/min
flow rate in the powder cell, which has five milliliter volume.
The cumulative flow-through dissolution curves are sum-
marized in the Figure 9. Significant differences between
micronized and not micronized SAR] fumaric acid co-crystal
containing formulations were not measured at pH = 1.2 and
6.8 with 0.5% sodium dodecyl sulfate; however at pH = 4.5
with 0.5% sodium dodecyl sulfate the difference was significant
for the formulations.

On the basis of the flow through dissolution results, acetate
buffer at pH = 4.5 with 0.5% sodium dodecyl sulfate was
selected as a potential discriminative dissolution method to
evaluate the prototype formulations in the paddle USP2 dis-
solution equipment.

The USP2 dissolution measurement was performed with 250
and 500 mL volumes at 50 rpm. These volumes were selected
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to prevent the co-crystal from dissociation. Since the fumaric
acid part of the co-crystal has a high solubility in water, there is
a potential risk for the co-crystal to be physically unstable and
precipitate as the free base before complete dissolution. This is
a potential risk under in vivo conditions as well; that is why
protection of the co-crystal form is important within the
formulations. Dissolution experiments validated the concept
and classical dissolution curves did not show any differences at
pH = 4.5 between micronized and unmicronized containing
formulations. The classical dissolution curves are shown in
Figure 10.

Neo signiﬁcant differences between dissolution curves were
observed in 250 and 500 mL

Disintegration of the co-crystal to base + fumaric acid is
quick in large aqueous volumes.

die ol org/ 10,1031/c200462 | Crpst. Growsh Des, 2013, 12, 1101-1110
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Table 6. Compositiens of the Co-Crystal Containing Formulations

1l Batch numbers P0230209 | P-0250509
‘Wet granulation process |/
APLand P Function of the p mini formul ation
Yo
SARI fumaric acid co- 63 _
al, not ed API d{90)=15.7 pu
Mannitl 533 533
Microcrystalline cellulose Dilwent
PH 101 229 229
HPMO Binder 50 0
Crospovidone Type A Disintegrant 50 50
Surfactant and
Cremophor ELP peLTIeALTELY enharicsr 50 50
| Mg stearate Lubricant 20 2.0
Colloidal silica anhyd rous Glidant 0.8 0.5
200 mg granule contains 10 mg APl (expressed in basc) 100 % 100 %%

SART cocrystal - Flow through dissolution at pH=1.2

dissclution %

20 a0

time (min.)

SAR1 co-crystal : Flow through dissolution at pH=4.5+0.5%
sDs

disselution %

dissolution %

0 10

time (min.)

Figure 9. Flow-through dissolution curves of prototype formulations.
Blue solid diamond: SARL co-crystal: P-0230209: not micronized APL
Green open squares: SARL co-crystal: P-0230509: micronized APL

Significance of the protection of co-crystals from dissociation
were published br other scientists also based on in vitro
dissolution results.'”
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SAR1 co-crystal : Dissolution at pH=4.5+0.6% SDS
500 mL / 50 rpm

dissolution %
oSN ¥8BE38E

time [min.)

SAR1 co-crystal: Dissolution at pH=4.5+0.5% SDS
250 mL / 50 rpm

dissolution %

time (min.)

Figure 10. Classical dissolution curves of prototype formulations. Blue
solid diamends: SARI co-crystal: P-0230209: not micronized APL
Green open squares: SAR] co-crystal: P-0250509: micronized APIL

The flow-through dissolution technique is mandatory to
support formulation development based on the in vitro results.

4, CONCLUSION

On the basis of the physicochemical and biopharmacentical
evaluation of the API candidates formulation possibilities for
toxicology and for first in man were determined. An increase of
the very low bicavailability of the weak base was feasible with
permeability enhancers, surfactants, acidic excipients, amorph-
ization, and fumaric acid co-crystal formation. The fumaric acid
co-crystal was selected for development; however, the strongly
pH-dependent solubility profile and high water solubility of the
co-crystal former caused further issues. Sensitivity of the co-
crystal to physical disintegration such as dissociation in solution

diedol org/10.1021/c02004629 | Cryst. Growsh Des. 2012, 12, 1101=1110
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into base and fumaric acid was solved by the addition of
Cremophor ELP to the formulation.

The use of 5% Cremophor ELP, included in the formulation
as a permeability enhancer, solubilizer, and co-crystal protector
with its castor oil part provided the best oral exposure in a rat
model. Cremophor EL is a well known pharmacentical
excipient for oral and intravencous formulations. Serious side
effects reported with Cremophor EL intravenous formula-
tions®® % were not observed when Cremophor ELP was
administered by the oral route in the rat models at 5%
concentration. Similar good toxicological results were presented
by BASF, the manufacturer of Cremophor EL in 2008.°

The integrity of the co-crystal within the formulation is
essential to reach better bioavailability via faster dissolution
kinetics,

Flow-through dissolution was found to be a good tool for
screening co-crystal formulations, as the smaller volume of this
technique eliminated the potential for dissociation between the
API and coformer.

Bioavailability increase of a poorly soluble weak base was
feasible based on the collaborative work among chemists,
analysts, and formulation experts.
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3. dbra. Az SA molekula egykristaly-szerkezetének
csatornakra merdleges vetiilete, amely egy
szomszédos lires és egy vizmolekulakat (vilagos-
kék szinnel jelélve) tartalmazé csatornat mutat

anyag egykristalyszerkezetének megjeleni-
tése lathato a csatorndkra merdleges vetii-
lethdl.

A vizmolekula kémia kornyezetérdl
SCXRD hidnydban szildrd fdzisii NMR-mé-

100 éves a sanofi-aventis/Chinoin

réssel kaphatunk informécidt. A to-
potechan-HC| 3 és 5 mdl vizzel is
kristdlyosodhat [2], az els§ hdrom
mdl rdcshidrdtként stabilan kétd-
dik a szerkezetbe, a tovdbbi vizet vi-
szont mdr csatornahidratként veszi
fel (a csatornahidrit-viselkedést a
DVS- és a termoanalitikai vizsgala-
tokkal igazoltdk). A trihidrdt és
pentahidrdt fdzisokrdl készilt "C és
N szildrd fazisti NMR-vizsgdlatok
eredményének dsszehasonlitdsdbol
megdllapitottdle, hogy a gyengén kd-
tott csatornaviz a laktongydr( és
gytiriis amid funkcids csoportok
kornyezetét befolydsoljik leginkabb.

A csatornahidritok jellemzésé-
nek fontossidga abban rejlik, hogy jo-
solhatd legyen a hatdanyag viselke-
dése a gydgyszer-elddllitds kiilén-
bizd fdzisaiban, a kristdlyositdstdl
a tablettdzdsig. Ugyanis a kristdly-
viz elvesztése fizikai stabilitdsi problémak-
hoz vezethet [2]; amorfizdlddds léphet fel,
ami befolydsolhatja a kémiai stabilitdst is,
tovdbbd a kénnyen vdltozd viztartalom do-
zitozdsi nehézségeket is okozhat.
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Szabd Andras-Molnar-Gabor Ddra-Boko-
tey Sandor: Csatornahidrat tipust gyégy-
szarhatdanyagok jellemzése

A csatornahidrat tipusd vegylletek valtoza viz-
tartalmuk miatt kdriiliekintd szilard fazist jek
lemzést igenyainek, hoagy a gyogyszertechno-
lagial folyamatok soran jdsolhatd legyen a vi
selkedisdl. A cikk clja, hogy rdvid attekin-
tést adjon az alkalmazhatd analitikai techni-
kakrdl és az altaluk megszerezhetd szerke-
zeti informacickrdl, néhany irodalmi és sajat
vegyllet eredmenyei alapjan,

Ujhelyi Gabriella—Venczel Mdrta-Bajdik Janos-Kénya Magdolna—Vajdai Attila

W sanofiaventisiChinoin, K+F Gyogyszerfejlesztés

Klasszikus és innovativ technoldgidk
a Gyogyszerfejlesztésben

Chinoin Gydgyszerfejlesztésének te-
A vékenysége, amely dtivel az origindlis
molekuldlckal térténd kutatdsi tevékeny-
ségtdl a generikus fejlesztésig, az 1920-as
évekig nyulik vissza.

Jelen formulicids fejlesztdmunliink egy-
arant magdban foglalja a felfedezd kutatds
gyégyszerjeldlt vegyiileteinek kivdlasztdsi td-
mogatdsdt, az eredeti molekuldk klinikai
vizsgdlataihoz kifejlesztett formuldcidkat, a
koribbi Chinom-termékek formuldcids meg-
ujitdsdt és generikus gyogyszerek formu-
ldcidinak kidolgozdsdt.

Korai formuldcids kisérletek. Fontos,
hogy a kivdlasztdsra keriild gydgyszerjelolt
vegyiiletek olyan formuldcidban keriiljenck
vizsgdlatra, amely biztositja a hatéanyag op-
timdlis felszivodisdt és toxikoldgiai szem-
pontbdl jol tolerdlhatd. Mivel a kutatds e ko
rai szakaszdban csak néhdny milligramm
hatéanyag dll rendelkezésre formuldcios
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célokra, nincs lehetdség egy gyogyszerfor-
ma fizikai paramétereinek — pl. a hatdanyag

1.abra. A formulacios stratégia kivalasztasa a

szemcseméretének és polimorf formadjanak
- meghatdrozdsdra. Az in vivo farmakolé-

hatdanyag oldékonysaga alapjan [11

Jo permeabilitasu (P, > 10° cm/s), jelentds biologiai aktivitasi vegyiilet
formulacios fejlesztése (a fejlesztés sikere fligg az oldékonysagtol)

T

e SEemseans Y
2 - Y — 2
- Hagyomanyos Hagyomanyos/kiilénleges Kiilonleges =
% gyogyszerforma E
.
% Oldékonység: > 100 pg/ml Oldékonység: 10-100 pg/ml Oldékenysag: <10 pg/ml §
‘E Hagyoményos Hagyemanyosjkiilénleges Killanleges formulaciok 3
@ formulaciok formulaciok a tervezett kidolgozésa 3
‘":"'i‘ dozistol fiiggéen elengedhatetien %‘
~ 0
< Dazislimitacio valoszini .%
Vizes alapu/klasszikus és nedvesen Nanokristalyos™ technologia, koszolvensek/ lipid-
drdlt szuszpenzidk bazisu formulaciok, ciklodextrinek/szilard oldatok
(amorf formulaciok)
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noldgidk miniatiirizdldsal alkal-

- Manonizalt
- Mikronizatt

mazzuk. A modern eszkdzik al-

kalmazdsdval lehetdség nyilik
mdr kis mennyiségi hatdanyag-

bdl megkapnunk azokat az in-

formédcidkat, amelyek az egyre ki-
terjedtebb preformulicids vizs-

e

galatok eredményeivel egyiitt
megalapozzil a tudoméinyos ala-

pokon nyugvo és gyorsan kivi

ra, egyiittmiikodve a felfedezd
kutatds kutatdival, a gydgysze- %]
részeti segédanyagokra vonat-
kozd és a hatéanyagrél mdr ren-
delkezésre 4ll6 tudis birtokaban g 0w
oldatos formulicickat dolgozunk 2
ki‘ é 15 000
Formulacios stratégia. A oo
formuldcidfejlesztés irdnyvonaldt o
a vdrhaté klinikai dozis mellett
alapvetden a hatdanyag fiziko- o

e

telezhetd fejlesztédst. Munkdnk so-
rin alkalmazzuk a matematikai

kémiai és biofarmdciai tulajdon- o
sdgai hatdrozzdk meg. Ameny-
nyiben a hatdanyagjelslt viz-
oldékonysdga nagyobb, mint
100 pg/ml, klasszikus gydgyszer-
formak, azaz ordlis adagolds ese-
tében tablettdk és kapszuldk kidolgozdsa az
elsGdleges o€l (L dbra). Minél kisebb egy
hatéanyagjelolt vizoldélkonysdga, anndl na-
gyobb a valdszintsége annak, hogy a terd-
pids hatds biztositdsdhoz killénleges, inno-
vativ gydgyszerforma kidolgozdsdra van
sziikség [1]. Utdbbi esetekben a megfeleld
bioldgiai hozzdférhetdség biztositdsdra
megoldds példdul a hatdanyagot nanomé-
ret(i részecskék formdjdban tartalmazd for-
mulicidk alkalmazdsa. llyen irdnyu fejlesz-
téseink sordn Orlési és elektroszpinning [2]
technoldgidkkal dllitjuk eld a nanoméretd
szemcseket tartalmazd hatdanyagot, amely-
nek stabilitdsdt specidlis hordozérendsze-
rekkel biztositjuk.

Az elmult evekben sikeresen alkalmaztuk
a Nanokristdlyos™ technoldgidval készilt
nanokristédlyos diszperzidt a biohasznosu-
lds optimdldsdra preklinikai toxikoldgiai dl-
latkisérletekben, valamint késdbb a disz-
perzidbdl készilt tablettat a humidn klini-
kai vizsgdlatokban. Az dllatkisérletes in vivo
farmakoldgiai eredmények azt mutattdl,
hogy egy adott hatdanyagjelilt szemcse-
meretének csikkentése jelentdsen novelte
a biohasznosuldst: a kiinduldsi 7%6-rdl mik-
ronizdlt hatdanyag esetében 24%-ra, na-
nokristdlyos hatdanyagndl pedig 100%-ra nis-
velve azt. A nanokristdlyos hatdanyag biz-
tositotta a toxikoldgiai és biztonsdgi vizs-
gdlatokhoz nélkildzhetetlen dézisardnyos
hatdsnivekedést (2. dbra).

A Budapesti Miiszaki és Gazdasdgtudo-
minyi Egyetem Vegyészmérniki Kardval
egylittmiikodve 2009-ben kezdtiik meg az
elektroszpinning mddszerrel elddllitott po-
limer mdtrixi nanoszdlak alkalmazdsdt
rosszul oldddd hatdanyag fejlesztésére. Ez
az eljdrds a fajlagos felilet nivelése és a ha-
tdanyag amorfizdcidja révén hatékonyan nd-
veli a hatdanyagjelolt olddddsdnak sebes-
ségét, és ezdltal javitja a bichasznosuldst.
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2. abra. Egy hatéanyag mikronizalt és nanonizalt valtozatat
tartaimazo készitményeinek AUC,,_,, vs. dozis gorbéi

Tovdbbi elénye az elektroszpinning elj-
rdsnak, hogy akdr nagy molekuldk, fehér-
jék formuldldsdra is alkalmas, mivel az el-
jdrds sordn magdt a hatéanyagot nem éri
extrém behatds, példiul magas himérsék-
let, nyomds vagy nyirderd.

Az innovativ lehetdségek alkalmazdsa
mellett kiilonds figyelmet forditunk a ha-
téanyag felszivddds szempontjibdl leg-
megfelelibb sdjinak vagy kokristdlyos for-
mdjinak livdlasztdsdra is [3]. A kiilinbiz6
50 ésfvagy kokristily formék dsszehasonli-
tdsit dtfolyd cellds kiolddkésziiléken [4] vé-
gerziik, amelynek a fejlesztésben betdltott
fontos szerepét az eddigi in vive eredmények
is megerdsitették.

Nemcsak a kiilénleges gydgyszerformak
kidolgozdsa igényel innovativ megolddsokat,
hanem a klasszikus formik feflesztési és eld-
allitdsi lehetdségei is jelentds fejlddést mu-
tatnak. A fejlesztés kezdeti lépéseiben a kor-
Itozott mennyiségl hatdanyag miatt a tech-

3. abra. Pravasztatin-Na bomlasi atvonalai

400 elveken nyugvé tervezési mad-

szereket is, amelyek segitségével
a gydrtdsi folyamat jobban meg-
érthetévé és gyorsabban opti-
malhatdvi vilik, és lehetdséget
biztosithatunk 1n. ,,Quality by
design” megkdzelités alkalmazdsdra.
Eletcildus-kiterjesztés. Gazdasdgi szem-
pontbdl kiemelt gydri érdek, hogy a gydgy-
szerpiacon elismert és jél bevalt készitmeé-
nyeink gydgyszerformdi mindenkor meg-
feleljenek a kor kovetelményeinek, tovdbbd
korszertbb kiszerelési formdkkal a betegek
elvdrdsait is kielégitsiik. Az évek sordn meg-
tjult tobbek kizitt a No-spa tabletta, a Poly-
vitaplex és a Neo-Bilagit filmtabletta. Utdb-
bit 1925-ben vezették be a terdpidba. A leg-
utdbbi, 2001-es felijitdsa sordn a fejlesziés
egyik szempontja a korszer(itlen és ener-
giaigényes cukordrazsirozds filmbevonds-
ra vald felvdltdsa volt. Ugyanez a véltds a kor
kivetelményeinek megfelelden feldjitott
asszetett vitaminkészitménytink, a Polyvi-
taplex filmtabletta esetében is megtiirtént,
Mindkét emlitett készitmény torzskiny-
vi megijitdsdhoz értelemszerfien a mind-
sitéshez és stabilitdsvizsgdlathoz haszndlan-
do teljes analitikai arzendlt is korszeriisi-
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teniink kellett, ami — tébbkomponensii ké-
szitményekrdl lévén sz6 — dsszetett anali-
tikai fejlesztést igényelt.

Egyre gyakrabban meriil fel igény kom-
bindcios készitmények kifejlesztésére. Ezen
a tertileten az utdbbi évtizedekben egyik leg-
jelentdsebb fejlesztésiink a drotaverin-, pa-
racetamol- [5] és a drotaverin-, paraceta
mol-, kodeintartalmi tablett:dk, valamint a
drotaverin- és ibuprofentartalmi combo-
készitmény, amelyeket No-Spalgin és Algo-
flex M néven tirzskinyveztek. A szelegilin-
hidroklorid hatdanyag esetében transzder-
mdlis formuldcidt dolgoztunk ki [6].

Generikus fejlesztés. Villalatcsopor-
tunkon beliil a Chinoin Gyégyszerfejlesztése
foglalkozott generikus gydgyszerek szilird
gydgyszerfomdinak (tabletta, kapszula)
fejlesztésével is, amely dsszetett feladat. Ana-
litikus, technoldgus, farmakokinetikai, sza-
badalmi és tirzskinyvezési szakemberek
isszehangolt munkadjdra van sziikség egy sta-
bil, bioegyenértékii készitmeény fejleszté-
s¢hez. Az analitikai és bioekvivalencia-vizs-
gdlatok elengedhetetlenek ahhoz, hogy hi-
telesen igazoljuk a generikum egyenérté-
kiiségét az origindlis készitménnyel,

A Gydgyszerfejlesztés életében az 1999 és
2004 kozdtti idészak rendkivill sikeres volt.
A fejlesetdmunka eredményekeént 6 év alatt
szdmos terméket fejlesztettiink és 33 ter-
méket {izemesftettiink. Vllalatrcsoportunk
az dltalunk fejlesztett generikus készitmé-
nyekkel jelenleg is képviseli magdt a gydgy-
szerpiacion, példaul enalapril (7] és lisino-
pril hatdanyag-tartalmui tablettdlkal [8], flu-

. & @ @ U @ & & @ @# & ® & @

Laborbelsd az 1970-es években
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oxetintartalmi kapszuldval és az egyébként
bomldsra rendkivill hajlamos pravaszta-
tintablettdval [9], amelynek stabilizdlt for-
mdjdt dolgoztuk ki.

A pravasztatin tartalmi tabletta két ha-
tdserdsseégének kifejlesztésére 21 hénap
alatt kertilt sor oly mddon, hogy az dltalunk
kidolgozott készitmény komoly feltaldldi
sikereket hozott.

Taldlmdnyunk alapja az a felismerés, hogy
a pravasztatin karboxil- és hidroxilcso-
portjdval keldtkomplexet képzd fémion, pél-
ddul a kalciumion megakaddlyozza a mo-
lekula szigmatrop dtrendezddését, ezdltal a
vegyiilet stabilizdlhatd (3. dbra). Ezt a fel-
ismerést kihaszndlva kalcium-laktat alkal-
mazdsdval sikeriilt stabil készitményt ki-
dolgoznunk.

Osszegzés, A villalatcsoporton belill a
Chinoin gydgyszerfejlesztési egysége a
klasszikus és innovativ technolégidk cél-
irdnyos alkalmazdsdval, a hatéanyagok
fizikokémial tulajdonsdgainak felderitésével
a hazai egyetemekkel és nemzetkizi tdrs-
egységekkel szoros egytittmiikadésben biz-
tositja a megfeleld hatékony gydgyszer-
formadkat a terdpids célok megvaldsitasd-
hoz. ®

[RODALOM

[1] Maas |, Kamm W, Hauck G, Eur, | Pharmaceut, and
Biopharmaceut. (2007) 66, 1-10.

(2] A Vajdlai, Zs. Magy, J. Dredsin, R. Zelks, G. Ujhelyi, Gy.
Marosi, Effect of Physical Features on the Diameter of
PV Electrospun Fibers (kézlés alatt)

[3] M. Venczel, G. Uthcly, K. Pintyc-liodi, L. Szvoboda, B
Podinyi, [t Valente, | Menegotto, Formulation possi-

@ & & & @ & @ @& 8§ @ @ @ [ ]

Féldi Zoltan, az elsé olyan vegyészmeérdk,
aki kiemelkedd munkassaga elismeréseként
akadémiai tagsagban részesiilt

bilities of a weak base with a narrow solubility range
{publikacia eldtt)

[4] M. Venczel, G. Ujhelyi, T Sowény, K. Pintye-Hodi, Flow
Through Dissolution — a Useful Tool from Discovery
FPhase to Preclinical Development (kizlés alatt)

[5] Vitdnyiné Morvai M., Kowics B-né, Kdlmdnné Mdthé
1., Jakab B, Végeli E., Furdpa-szabadalom (2003) EP
120008,

16] Szabo A. Z., Uthelyi G, Toth A., Szuts T, Magyar K.,
Lengyel [, Finter ], Szekely A. Szepo A, Marmarosi-
né K, K., USA-szabadalom {1992) 861537

[7] Tdth A, Cserndk L., Koritsinsrky K., Salamon E.-né,
Venzel M., Végeli ., PCT ul Appl {1998) WO 1995/
026765,

[8] Ujhelyi G., Kdlmdnné Mathe L, Vas |, Tith A., Nem-
zotliwi szabadalom (2001) AGLK31435

[9] Jakab B., Kdlmsdnné Msthé [, Toth A, Ujhelyi G., Vas
1. Venczel M., FCT Int. Appl{2003) WO 20030063836,

0SSZEFOGLALAS

Uhelyi Gabriella-Venczel Mdrta-Bajdik
Janos-Konya Magdoina-Vajoai Attifa:
Klasszikus és innovativ technoldgidk a
Gyogyszerfejlesztésben

Az dsszedllitasban roviden attekintjik a
Gyogyszerfejlesziés originalis és generikus
fejlesztasben, valamint az életciklus-kitar-
jesztesben betdliot szerepét. Az originalis fef
lesztés tekintetében az utdbbi években nylj-
toft tevékenységek kozil a preformulacios ak-
tivitasokat, a korai formulacios kisérleleket,
az innovativ technolégiakat és az Gjszerd
szemléleteket magaban foglald specialis for-
mul&cios stratégiak néhany jellemzo pelda-
jat mutatjuk be. A Gybgyszerfejleszies W0bb
Evlizeden keresztil igen sikeres nemzetka-
zi szintl generikus fejlesziési tevekenységet
is folytatott, amelynek néhany kiemelkedd
aredménya szintén a kézirat részét képezi.

Tablettdzo a 60-as, 70-es években
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Stabilized pharmaceutical compositions and process for the preparation thereof

The present invention relates to novel stabihzed pharmaceutical compositions, process for their
preparation and the use of maleic acid as a stabilizer. The active ingredient of the above
compositions is enalapril maleate which is a potent angiotensin-converting enzyme inhibitor, and it

is useful in the treatment of hypertension,

Enalapril, its salts and the process for their preparation are described in the European Patent

Application publ. No. EP-012401 Al.

As it is known, many compounds that inhibit ACE (Angiotensin-Converting Enzyme) have poor
stability either in form of free acids or salts if they are in a pharmaceutical dosage form. These
compounds easily decompose first of all by hydrolysis and intramolecular cyclization, but the
amount of other decomposition products not identified in many cases may be also significant, This is

particularly true in case of enalapril and its maleate salt.

Main decomposition products of enalapril are shown in Fig.  demonstrating that the decomposition

is due to hydrolytic and cyclization processes.

The diketopiperazine (DPK) is the internal cyclization product and the diacid (enalaprilat ET) is the
product of ester hydrolysis.

A lot of solutions have been elaborated to stabilize angiotensin-converting enzyme inhibitors,

among them enalapril salts in pharmaceutical compositions.

According to the European Patent Application publ. no. EP-0 280 999 A2, magnesium carbonate
shows a stabilizing effect in pharmaceutical products containing saccharides, e.g. lactose and

quinapril.

According to the European Patent Application publ. no. EP-0 545 194 Al, enalapril is transformed
into its sodium salt. The enalapril sodium salt in pharmaceutical preparations is said to be more

stable than the enalapril maleate salt.
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United States Patent no, 5.562.921 describes that the enalapril maleate salt extensively decomposes
in the presence of commonly used vehicles, filling substances, lubricants or disintegrating agents in
many pharmaceutical products for example in the pharmaceutical dosage forms containing
microcrystalline cellulose, calcium phosphate or magnesium stearate.

It is described in EP-A-099239 and EP-B-0264887 that ascorbic acid may be used as an antioxidant

or colour stabilizing agent in case of ACE-inhibitors.

The aim of our invention is to prepare pharmaceutical formulations of high stability which contain
enalapril maleate with commonly used filling substances (e.g. lactose, mannitol, sorbitol) lubricant
(e.g. magnesium stearate) and disintegrating agents (e.g. starch) and in which the amount of
decomposition products is low even in case of long-term storage, thus ensuring a longer expiration

time and in the same time a high quality.

It has been found that if enalapril maleate is transformed into pharmaceutical formulations by
applying commonly used filling substance (e.g. filling substance of saccharide type) and maleic acid
stabilizer, an extremely stable enalapril formulation is obtained. This is true even if magnesium

stearate or other compounds are used as lubricants, affecting the stability of enalapril maleate .

At realizing our invention, we have successfully applied for example mono- or disaccharides, water-
free lactose, lactose monohydrate or DC (direct compression) lactose as filling substances, starches
or partly hydrolysed starches, or crospovidone (polyvinylpolypyrrolidone) as disintegrating agents,
magnesium stearate, hydrogenated vegetable oil or talc as lubricants, and maleic acid as stabilizer, in
addition to the currently used colouring and binding agents, e.g. ferric oxide and povidone
(polyvinylpyrrolidone). Further auxiliary substances applicable for these purposes are enumerated in

the Hungarian Pharmacopoeia or in the European Pharmacopoeia.

One of the preferred variant forms of our invention is the tablet or the granules for filling capsule
consisting of enalapril maleate, maleic acid, lactose, starch, partly hydrolysed starch and magnesium

stearate, and optionally colouring and binding agents.

Qur invention also relates to the process for the preparation of the above pharmaceutical
formulations. During this process, granules to be compressed in tablets or to be filled mto capsules

are prepared by wet granulation using aqueous solution of maleic acid.
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During one of the favourable implementations of the above process, dry enalapril maleate, lactose,
starch and partly hydrolysed starch are mixed, and then their mixture is granulated using aqueous
solution of maleic acid used as granulation liquid. Of course, ingredients may be mixed in other
sequences. The granules obtained are dried and classified, and then compressed into tablets with

magnesium stearate added.

Tablets according to our invention can be prepared by direct tabletting, 1.e. mixing enalapnl maleate
with all other auxiliary substances and with maleic acid used as stabilizing agent, and by

compressing the mixture in tablets.

Pharmaceutical products (dosage forms) prepared according to our invention may preferably
contain enalapril maleate in 0.1-25 weight %, lactose in 30-95 weight %, starch and partly
hydrolysed starch in 6-80 weight %, maleic acid in 0.1-10 weight %, lubricant in 0.1-5 weight %
and colouring and binding agents in 0.01-5 weight %.

Preferred dosage forms are tablets and granules which contain enalapril maleate in 1.5-15 weight %,
lactose in 65-90 weight %, starch and/or other disintegrating agents in 5-15 weight %, binding and
colouring agents in 3-7 weight %, pregelatinized starch in 1-4 weight %, maleic acid in I-5 weight
% and lubricants in 0.1-1.5 weight %. Most preferred unit dosage forms are tablets with 75-300 mg

tablet mass having above preferred compositions.

Further details of our invention are shown by the examples below, without limiting our claims to the

examples.



10

20

30

WO 98/26765 ) PCT/HU97/00084

Examples

Example 1

100 g of enalapril maleate, 3930 g of lactose monohydrate, 380 g of corn starch, 120 g of
pregelatinized starch were homogenized. 24 g of maleic acid was dissolved in 1000 ml of purified
water. The homogenized powder mixture was granulated with slowly (10-15 min) added aqueous
solution of maleic acid. The wet granules were dried (at 40-50°). The dried granules were
homogenized with 20 g of magnesium stearate (for 10-20 min).

The homogenized granules were tabletted and tablets having 115 mg total mass and containing 2.5

mg of enalapril maleate were obtained.

Example 2

150 g of enalapril maleate, 5934 g of lactose monohydrate, 570 g of comn starch, 180 g of
pregelatinized starch were homogenized. 36 g of maleic acid was dissolved in 1500 ml of purified
water. The homogenized powder mixture was granulated with slowly (10-15 min) added aqueous
solution of maleic acid. The wet granules were dried (at 40-50°). The dried granules were
homogenized with 30 g of magnesium stearate (for 10-20 min).

The homogenized granules were tabletted.

Example 3

200 g of enalapril maleate, 3300 g of lactose monohydrate, 300 g of corn starch, 100 g of
pregelatinized starch were homogenized. 48 g of maleic acid was dissolved in 950 ml purified
water. The homogenized powder mixture was granulated by slowly (10-15 min) added aqueous
solution of maleic acid. The wet granules were dried (at 40-350°). The dned granules were
homogenized with 36 g of magnesium stearate (for 10-20 min).

The homogenized granules were tabletted.
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Example 4

250 g of enalapril maleate, 1890 g of lactose monohydrate, 188 g of comn starch, 68 g of
pregelatinized starch were homogenized. 60 g of maleic acid was dissolved in 600 ml of purified
water. The homogenized powder mixture was granulated with slowly (10-15 min) added aqueous
solution of maleic acid. The wet granules were dried (at 40-50°). The dried granules were
homogenized with 45 g of magnesium stearate (for 10-20 min).

The homogenized granules were tabletted and tablets having 200 mg total mass and containing 20

mg of enalapril maleate were obtained.
Example 5

200 g of enalapril maleate, 3300 g of lactose monohydrate, 300 g of com starch, 100 g of
pregelatinized starch, 48 g of maleic acid v\;'ere homogenized. The homogeneous powder mixture
was granulated with slowly (10-15 min) added purified water (950 ml). The wet granules were
dried (at 40-50°). The dried granules were homogenized with 36 g of magnesium stearate (for 10-
20 min).

The homogenized mixture was tabletted.
Example 6

3300 g of lactose monohydrate, 300 g of com starch, 100 g of pregelatinized starch were
homogenized. 48 g of maleic acid was dissolved in 1100 ml of purified water. While stirring, 200 g
of enalapril maleate was added. The homogeneous powder mixture was added to the suspension.
The wet granules were dried (at 40-50°). The dried granules were homogenized with 36 g of mag-
nesium stearate.

The homogenized granules were tabletted.
Example 7
250 g of enalapril maleate, 4200 g of lactose monohydrate, 370 g of corn starch, 120 g of

pregelatinized starch were homogenized. 45 g of maleic acid was dissolved in 1300 ml of punified

water. While stirring, 120 g of polyvinylpyrrolidone was added to the pure solution. The
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homogenized powder mixture was granulated with slowly (10-15 min) added aqueous solution of
maleic acid and polyvinylpyrrolidone. The wet granules were dried (at 40-50°). The dried granules
were homogenized with 36 g of magnesium stearate (for 10-20 min).

The homogenized granules were tabletted.
Example 8

250 g of enalapril maleate, 60 g of maleic acid, 45 g of magnesium stearate, 120 g of
polyvinylpyrrolidone, 120 g of pregelatinized starch were homogenized. 370 g of corn starch, 4200
g of lactose monohydrate were added to the homogeneous mixture and the mixture was
homogenized again (for 15-20 min).

The homogeneous mixture was tabletted.
Example 9

200 g of enalapril maleate, 1600 g of lactose monohydrate, 1600 g of comn starch, 250 g of
pregelatinized starch, 100 g of polyvinylpyrrolidone, 150 g of talc were homogenized. 50 g of
maleic acid was dissolved in 1000 ml of purified water. The homogenized powder mixture was
granulated with slowly (10-15 min) added aqueous solution of maleic acid. The wet granules were
dried (at 40-50°). The dried granules were homogenized with 36 g of magnesium stearate.

The homogenized granules were tabletted.
Example 10

200 g of enalapril maleate, 250 g of pregelatinized starch were homogenized, 100 g of
polyﬁnylpynclidone, 150 g of tale, 50 g of maleic acid and 40 g of magnesium stearate were
homogenized. To the homogeneous mixture 1600 g of lactose and 1600 g of corn starch were
added. The mixture was homogenized (for 15-20 min),

The homogenized mixture was tabletted.
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Example 11

100 g of enalapril maleate, 1700 g of lactose monohydrate, 40 g of crospovidone, 110 g of maize
starch and 2 g of ferrous oxide red were homogenized. 48 g of maleic acid was dissolved in 1200
ml of purified water. The homogenized powder mixture was granulated with slowly (10-15 min)
added aqueous solution of maleic acid. The wet granules were dried at 40-50°C. The dried granules
were homogenized with 10 g of magnesium stearate for 20 min.. The homogenized granules were
tabletted and tablets having 200 mg total mass and containing 10 mg of enalapril maleate were
obtained.
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CLAIMS

1. Stable pharmaceutical composition, characterized in that, it contains enalapril maleate as

active substance, maleic acid as stabilizing agent and one or more auxiliary substances.

2. Compaosition according to claim 1, characterized in that, it contains enalapril maleate in
1.5-15 weight %, filling substances in 65-90 weight %, disintegrating agents in 6-20 weight %,
maleic acid in 1-5 weight %, binding and colouring agents in 3-7 weight % and lubricants in 0.1-1.5
weight %.

3. Composition according to claim 1, characterized in that, it contans mono- or
disaccharides as filling substance, starches and/or crospovidone as disintegrating agent, stearate salts

or esters, or hydrogenated vegetable oils as lubricants,

4. Composition according to claim I, characterized in that, it contains enalapril maleate as
active substance, maleic acid as stabilizing agent, lactose as filling substance, starch and
crospovidone as disintegrating agent, magnesium stearate, hydrogenated vegetable oil or talc as

lubricant, povidone as binding agent and optionally ferric oxide as colouring agent,

5. Composition according to claim 1, characterized in that, it contains enalapril maleate as
active substance, maleic acid as stabilizing agent, lactose monohydrate as filling substance, starch as
disintegrating agent, magnesium stearate as lubricant and optionally ferric oxide as colouring agent.

6. Composition according to claim 1, characterized in that, the dosage form is a tablet.

7. Composition according to claim 6, characterized in that, the dosage from is a tablet

having 75-300 mg of tablet mass.

8. Composition according to claim 1, characterized in that, the dosage form is a capsule

filled with granules.

9. Process for the preparation of composition according to claim 1, characterized in that,

wet granulation is used.
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10. Process according to claim 9, characterized in that, wet granulation is carried out with

aqueous solution of maleic acid used as stabilizing agent.

11. Process according to claim 9, characterized in that, the enalapril maleate, lactose,
disintegrating and colouring agents are mixed, dried, aqueous solution of stabilizing maleic acid is
added, the mixture is wet granulated, the obtained granules are dried, classified, mixed with

lubricant and compressed into tablets.

12. Use of maleic acid to stabilize enalapril maleate in a pharmaceutical composition as defined in

anyone of claims 1 to 8.

13. Use of maleic acid as stabilizing agent in the manufacture of a pharmaceutical composition

containing enalapril maleate as defined in anyone of claims 1 to 8.

14. Composition according to claim 1, characterized in that, it is in a commercial package in

the form of orally applicable dosage form together with instructions for its administering,

10
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STABLE PHARMACEUTICAL COMPOSITION COMPRISING PRAVASTATIN SODIUM

The invention relates to stable pharmaceutical compositions. The compositions according
to the invention contain as active ingredient pravastatin-sodium, which is a HMG CoA
reductase inhibitor, and its structure and manufacturing process is described among others

in U.S. Patent No. 4 346 227.

Pravastatin-sodium according to formula (I) contains a B,d-dihydroxy-valerianic-acid
group. It is known, that 8-hydroxy-carboxylic acids form a six-membered stable lactone
ring. At lower pH regime (pH= 6-7) one of the possible degradation products of pravastatin
is the lactone derivative of the formula (IIT), formed by condensation.

Pravastatin as an acid is nearly as strong as acetic acid (pK= 4.9), so it can go through
hydrolysis.

The product of the hydrolysis might be the non-dissociated form of formula (IT}, which can
also be favorable for the formation of the lactone ring. An other possible degradation
product is the 3-hydroxy isomer of the formula (IV), formed from a 6-hydroxy-compound

of the formula (I) through sigmatrop rearrangement affected by heat and light.

For the above reasons to ensure the stability of the pravastatin containing solid
pharmaceutical compositions pravastatin is used in the form of its stable salts, preferably in
the form of its sodium salt, and/or a basifying agent is used to impart a desired pH of at
least 9, preferably 9,5 to an aqueous dispersion of the composition (EP 0 336 298 B1). As
basifying agent magnesium oxide, aluminium oxide, an alkali metal hydroxide such as
sodium hydroxide, potassium hydroxide or lithium hydroxide, or alkaline earth metal
hydroxide or oxide such as calcium hydroxide or magnesium hydroxide or magnesium
oxide are mentioned.

According to the solution described in WO 00/35425 to ensure the basic environment the
pravastatin sodium contains a small amount of a buffering agent, preferably less than 1%,
most preferably 0,3%, based on the weight of the active substance. To neutralise the
acidifying effect of carbon dioxide the final composition may contain an additional amount
(preferably 10-20 %, based on the weight of the composition) of buffering agent. As
buffering agents sodium or potassium citrate, sodium phosphate, dibasic sodium
phosphate, calcium carbonate, hydrogen phosphate, phosphate, sulphate, sodium or

magnesium carbonate, sodium ascorbinate, benzoate, sodium or potassium carbonate,
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lauryl sulphate are mentioned and the use of sodium citrate and dibasic sodium phosphate

are exemplified.

Disadvantage of the above solutions is, that at pH=9-10 additional decomposition products
may be formed. So through hydrolysis of the iso-butyric acid, compounds of the formula
(V), and - as a result of a Cannizzaro like process induced by hydroxyl ions being present
in a higher concentration because of the higher pH value - the decomposition product of
the formula (VI).

The aforesaid decomposition is presented in Scheme 1, which contains Figures 1 to 6.
Figure 1 shows Formula (I), Figure 2 shows Formula (II), figure 3 shows Formula (1V),
figure 4 shows Formula (IV), figure 5 shows Formula (V), and figure 6 shows Formula

(VI).

The aim of the present invention is to provide an oral pharmaceutical composition
containing as active ingredient pravastatin sodium with high stability, in which the amount

of decomposition products is low even after a long storage.

It has been found that if in an oral pharmaceutical composition containing pravastatin
sodium as active ingredient a lactate salt of a metal capable for chelate-complex formation
is used in an appropriate amount, a composition with high stability can be obtained even

for longer storage.

The invention is based on the recognition, that the carboxyl and hydroxyl groups of
pravastatin can be stabilised with the lactate salt of a metal capable for chelate-complex
formation, preferably with calcium-lactate. This phenomenon might be explained by the
fact, that the carboxylate anion formed by the hydrolysis initiated by the humidity content
of the air and the other excipients of the composition forms a week chelate-complex with
the metal ion capable for chelate-complex formation, e.g. with the calcium ion of calcium
lactate. Thus the negativity of the carboxylate anion is decreased; the anion is stabilised
through declining the proton admission ability. The calcium-lactate hinders the sigmatrop
rearrangement because of its chelate-complex forming capability. Due to the lower pH-
value the hydroxyl ion concentration and so also the chance of taking place of a
Cannizzaro process is decreasing. It can be assumed further, that the carboxylate ion

shaded by the calcium lactate and the proton localised by the monosaccharides, with proton
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acceptor property such as mannitol, lactose ete, used as fillers can accomplish just one

hydrogen bridged binding, in which the spheric hindrance can also play a role.

The present invention relates to a stable pharmaceutical composition containing pravastatin
sodium as active substance, lactate salt of a metal capable for chelate-complex formation as

stabilising agent and one or more auxiliary substances.

The composition according to the invention preferably contains the active substance in an
amount of 1.0-20 weight %, the stabilising agent in an amount of 1,0-25 weight %, filling
and/or carrying substances in an amount of 0-15 weight %, surface active agent in an amount
of 0,1-12 weight %, disintegrating agent in an amount of 0,1-12 weight % and lubricants in an

amount of 0-5 weight %,

The pH value of the composition according to the invention is 6,5-8,5, preferably 7,0-8.5.

As stabilising agent calcium lactate or magnesium lactate, preferably calcium lactate may be

used.

In the stable pharmaceutical compositions of the inventions ordinary used fillers such as
monosaccharides, such as mannitol, lactose, fructose, pre-treated starch, microkristalline
cellulose, calcium carbonate, disintegrants such as crospovidone, croscaramellose sodium,
lubricants such as magnesium stearate, aluminium stearate, zinc stearate, surface active

agents such as hydrogenated vegetable oils can be used.

The stable pharmaceutical compositions of the inventions can be prepared by known
methods in that pravastatin sodium is mixed with the stabilising agent and the auxiliary

substances and the mixture thus obtained is granulated and/or pressed to tablets.

Further details of the invention are shown in the examples without restricting the scope

claimed to the examples,
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Example 1

Composition: (mg)

Pravastatin sodium 20,0

Mannitol 70,0

Pre-treated starch 20,0

Microcristalline cellulose 31,0

Crospovidone 3,0

Ca lactate 20,0

Ca carbonate 5,0

Mg stearate 1,0

Hydrogenated ricinus oil 30.0

Total: 200,0

Table 1
Starting value 1 month 50 °C —Tl?ﬁ&fuf ]
| 50 °C/76 % RH
|
PH 83 8.3 8.2

Active 20,1 (100 %) 19,8 (98,5 %) 19,7 (98,0 %) i
material |

Heat treatment in the case of all of the samples:

1 month at 50 °C in a closed glass vessel with cap,

1 month at 76% RH on 50 °C in an open glass vessel.

Technology used in the case of all of the samples:

The substances are previously passed through a sieve and after homogenisation tablets

are formed from the mixture by direct tablet formation.
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Example 2
Composition: (mg)
Pravastatin sodium 20,0
Mannitol 90,0
3 Microcristalline cellulose 35,0
Crospovidone 8.0
Ca lactate 20,0
Ca carbonate 5,0
Mg stearate 2,0
10 Hydrogenaied ricinus oil 20,0
Iron oxide 02
Total: 200,20
Table 2
Starting value 1 month 50 °C 1 month
50 °C/76 % RH
PH 8,5 8,5 8.3
Active 20,7 (100 %) 20,0 (96,6 %) 19,7 (95,2 %)
material
15
Example 3
Composition: (mg)
Pravastatin sodium 40,0
Mannitol 140,0
20 Microcristalline cellulose 62,0
Pre-treated starch 40,0
Crospovidone 6,0
Ca lactate 40,0
Ca carbonate ) 10,0
25 Mg stearate 2.0
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Hydrogenated ricinus oil 60,0
Total: 400,0

Table 3

5
| Starting value J 1 month 50 °C Tmonth
|i || 50 °C/76 % RH
PH f 8.1 8.4 8.5
| Active 38,7 (100 %) 39,5 (102 %) 39,4 (101,8 %)
: material

Example 4
Composition: (mg)
Pravastatin sodium 40,0

10 Mannitol 190,0
Microcristalline cellulose 50,0
Crospovidone 16,0
Ca lactate 40,0
Ca carbonate 10,0
15 Mg stearate 8.0

Hydrogenated ricinus oil 50,0
Iron oxide 0.4
Total: 4044
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Table 4
T | Starting value '_h__Tl month 50°C [ lmonth |
[' | 50 °C/76 % RH
PH I 8.4 |84 8.5
- I
Active | 38,8 (100 %) I 39,2(101,0%) | 38,6(99,5%) |
material J | I'
| l
5 Example5
Composition: (mg}
Pravastatin sodium 10,0
Mannitol 35,0
Pre-treated starch 13.5
10 Microcristalline cellulose 30,0
Crospovidone 1.5
Ca lactate 7.5
Ca carbonate 2,0
Mg stearate 0.5
15 Total: 100,0
Table 5
o I Starting value 1 month 50 °C 1 month
| 50°C/76 % RH
: : S
PH [ 7.9 7.8 7,6
I Active material | 9,8 (100 %) f 9.7 (98,9 %) 9,6 (98,0 %)
|

20



PCT/HUOZM0M06

WO 03/063836
8
Example 6
Composition: (mg}
Pravastatin sodium 10,0
Mannitol 45,0
Microcristalline cellulose 17,5
Crospovidone 4,0
Ca lactate 10,0
Ca carbonate 2.5
Mg stearate 1.0
Hydrogenated ricinus oil 10,0
Total: 100,0
Table 6
| Starting value 1month 50°C | 1 month
50 °C/76 % RH
| PH 7.8 7.9 7.5
Active 10,2 (100 %) 10,1 (99,0 %) [ 10,0 (98,0 %)
material J
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Example 7
Composition:
Pravastatin sodium 10,0
5 Mannitol 47,5
Microcristalline cellulose 12,5
Crospovidone 4,0
Ca lactate 10,0
Ca carbonate 2,5
10 Mg stearate 2.0
Hydrogenated ricinus oil 12.5
Total: 101,0
Table 7
15
Starting value 1 month 50 °C 1 month
50 °C/76 % RH
PH 7,6 7.7 7.5
| Active material | 9,9 (100 %) 9,7 (98,0 %) 9,6 (97,0 %)
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Claims

1) A stable pharmaceutical composition, characterised in that, it contains pravastatin sodium
as active substance, lactate salt of a metal capable for chelate-complex formation as stabilising

agent and one or more auxiliary substances.

2) The composition according fo claim 1, characterised in that, it contains the active
substance in an amount of 1.0-20 weight %, the stabilising agent in an amount of 1.0-25
weight %, filling and/or carrying substances in an amount of 0-15 weight %, surface active
agent in an amount of 0,1-12 weight %, disintegrating agent in an amount of 0,1-12 weight %

and lubricants in an amount of 0-5 weight %.

3) The composition according to claim 1 having a pH value of 6,5-8,5, preferably 7,0-8,5.

4) The composition according to claim 1, characterised in that it contains as

stabilising agent calcium lactate or magnesium lactate, preferably calcium lactate.

3) Use of calcium lactate for stabilising a pharmaceutical composition containing as active

ingredient pravastatin sodium,

6) Process for the preparation of a pharmaceutical composition according to claim 1,
characterised in that pravastatin sodium is mixed with the stabilising agent and the auxiliary
substances and the mixture thus obtained is granulated and/or pressed to tablets in a manner

known per se.
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Abstract

Co-crystals are sensitive to dissociation in aqueous microenvironment losing their effects
on bioavailability increase before oral administration. The integrity of the fumaric acid
co-crystal of SARI1 active pharmaceutical ingredient (API) was studied after a wet
granulation process with four formulations containing the same qualitative and
quantitative composition. Standard pharmaceutical excipients, particularly water and
Cremophor ELP were used in different addition order to evaluate the robustness of the
manufacturing process. Slight dissociation of fumaric acid co-crystal was measured by
XRPD in all cases, lowest dissociation was observed when Cremophor ELP was added to
the granulation liquid. Dissolution profiles of the formulations were analysed by flow
through dissolution method. The in vitro dissolution profile of the experimental
formulation showing the best co-crystal integrity was approximately 10% lower
compared to the formulation with the highest integrity.

Key words: wet granulation; co-crystal integrity; flow through dissolution
1. Introduction
1.1.General introduction

The advantages of pharmaceutical co-crystals are better solubility and dissolution kinetic
profiles than that of free base or acid forms [1, 2, 3, 4]. Using co-crystals within
formulations gives the opportunity to increase oral bioavailability of APIs, especially
when free acid or base forms show very low aqueous solubility such as BCS Class II and
IV actives [5, 6]. The target of pharmaceutical development is to administer
pharmaceutical co-crystals in formulations, in which the integrity of the co-crystal is
ensured as much as possible. Most preferred granulation process from industrial
manufacturing point of view is the wet granulation.
The target of this study was to evaluate how the physical integrity of the co-crystal during
a high shear wet granulation process is affected. In addition, the influence of Cremophor
ELP on physical stability and dissolution was studied. Cremophor ELP is commonly used
as solubiliser and is known to ensure the integrity of the co-crystals [7, 8, 9, 11].
Cremophor ELP has been demonstrated to be a well tolerated pharmaceutical excipient
via oral route [13, 14].



SARI fumaric acid co-crystal was used as model active pharmaceutical ingredient in the
present study. Increased bioavailability of fumaric acid co-crystal versus the free base
could be confirmed in a pharmacokinetic study [11].

2. Materials and Methods

2.1. Materials

2.1.1. Active pharmaceutical ingredient

SARI, a co-crystal with fumaric acid, was used in the study as a model material (Fig.1).

As a weak base with pKa; of 2.9 and pKa, of 3.5 salt formation is only feasible with
strong acids however, under strong acidic conditions, hydrolysis occurs. Salt formation
process has not further been taken into consideration to avoid chemical degradation of the
parent compound.

The batch of the fumaric acid co-crystal was manufactured in 0.7 kg scale. Particle size
distribution of SAR1 showed 15.7 pm at D(90) measured by laser diffraction.

i
C
72 | N
S (0]
N NH =
N HO
NH, NOH
(o)

(o)

Fig 1: SARI fumaric acid co-crystal as a model active pharmaceutical ingredient (API)

2.1.2. Dissolution buffer

Acetate buffer solution, pH=4.5 with 0.5 % sodium dodecyl sulphate was prepared
according to USP recommendations. Sodium dodecyl sulphate was ordered from Fluka.
Discriminative properties of the dissolution method were evaluated in a separate study

[11].
2.1.3. Pharmaceutical excipients

Cremophor ELP was ordered from BASF. Cremophor ELP, a purifed grade of
Cremophor EL was specially developed for sensitive active ingredients, as the higher
purity was found to improve their stability [6].



Pharmaceutical excipients such as mannitol, microcrystalline cellulose, HPMC,
croscarmellose sodium and stearyl fumarate sodium, all compliant to pharmacopeial
requirements, were ordered from the internal warehouse of Sanofi. Excipients were
selected based on results of chemical and physical compatibility pre-tests containing 1 %

of active as the most sensitive concentration after 30 days storage at 50°C and 50°C, 75%
R.H.

2.2. Methods
2.2.1. Chemical manufacturing of the co-crystal

The reactor was charged with acetone (12 L), SAR1 base Form III (592 g) and fumaric
acid (600 g). The slurry was stirred at room temperature for 24 hours, the crystals were
filtered off, washed with water (1 L) and ethanol (1 L), and dried in a vacuum at 80°C for
five hours.

The obtained yield was 723 g (94.0%) as pale yellow powder. The purity of the product
was 98.9% determined by HPLC.

2.2.2. Analytical methods
2.2.2.1. Dissolution method

Experimental dissolution work was carried out in an opened, Sotax type flow through
dissolution equipment [10]. The temperature of the media was 37.0 + 0.5 °C. Dissolution
samples were collected by a fraction collector followed by a spectrophotometric analysis.
Samples were collected up to 120 minutes. Flow through dissolution was performed on
100 mg mass tablets with 10% API load.

2.2.2.2. Spectrophotometric method

The analysis of dissolution samples was performed by an Agilent 8453 type
spectrophotometer. Samples were measured at 342 + 2 nm undiluted (90 and 120 minutes
dissolution) or after 200-fold (until 20 minutes dissolution), 40-fold (30 minutes
dissolution) or 60-fold (until 60 minutes dissolution) dilution with dissolution medium
acetate buffer.

2.2.2.3. XRPD method

The X-ray diffractograms were recorded on a PANalytical X’PertPro diffractometer,
using Cu-K, (without monochromator) radiation. The granulated samples were loaded to
a 25mm standard holder and measured in the range of 3- 35 © 2@ with 0.007°/min scan
speed. Starting materials and the centrifuged suspension samples were measured on
silicon zero background holder with 0.05°/min scan speed.

2.2.3. Pharmaceutical formulations

The composition and function of each formulation are summarized in Table 1.



2.2.3.1. High shear granulation

Manufacturing of the different formulations were performed in Mi-pro miniaturized high
shear granulator (Pro-C-ept). The speed of the impeller was 500 rpm while the chopper
rpm was 3000.

Four experimental compositions were manufactured in 30g miniaturized scale with 10%
APl load. The integrity of the co-crystal was studied from granules.



Table 1: Formulation compositions and function of ingredients

Function of

Formulations . . F1 F2 F3 F4
ingredients
Internal phase
SARI fumaric acid active
co-crystal pharmaceutical 10 %* 10 %* 10 %* 10 %*
ingredient
mannitol diluent 49 % 49 % 49 % 49 %
microctystalline diluent 25 % 25 % 25 % 25 %
cellulose
Hypromellose binder 5% 5% 5% 5%
crogcarmellose disintegrant 4% 4% 4% 4%
sodium
Cremophor ELP surfagtgnt 50, 50, 59, 59,
solubiliser
water +
granulation liquid - water Cremophor water water
ELP
Added to | addedtothe | added to added to
position of water - the internal internal the active | the internal
phase phase directly phase
. L ?St part of the .I%St added to
position of excipient of . excipient of .
- . granulation . the active
Cremophor ELP the internal .. the internal .
liquid directly
phase phase
External phase
stearyl fumarate glidant 2% 2% 2% 2%
sodium
Total - 100 % 100 % 100 % 100 %
Mass of tablets - 100 mg 100 mg 100 mg 100 mg




* expressed as free base, fumaric acid parts are corrected from quantity of the diluents

Loss on drying values were measured at 105°C until 20 minutes three times during the
manufacturing process: after mixing of the internal phase without Cremophor ELP, after
the wet granulation process and after drying. Comparable loss on drying results were
reached for the internal phase and after the drying process.

2.2.3.1.1. FI formulation

API and the excipients of the internal phase were sieved through 0.63 mm sieve size.
Cremophor ELP was added to the internal phase as last excipient and granulation was
performed with water. Drying of the wet internal phase was performed at 50°C until 45
minutes. Calibration of the granules was made on 1 mm sive size and finally stearyl
fumarate sodium of the external phase was added to the granules.

2.2.3.1.2. F2 formulation

The active and the excipients of the internal phase were sieved on 0.63 mm sieve size.
Cremophor ELP was added to the granulation liquid. Drying of the wet internal phase
was performed at 50°C until 45 minutes. Calibration of the granules was made on 1 mm
sieve size and finally the excipient of the external phase was added to the granules.

2.2.3.1.3. F3 formulation

Water was added directly to the active followed by the excipients of the internal phase.
Cremophor ELP was added to the internal phase as the last excipient.

Drying of the wet internal phase was performed at 50°C until 45 minutes. Calibration of
the granules was made on 1 mm sieve size and finally the excipient of the external phase
was added to the granules.

2.2.3.1.4. F4 formulation

Cremophor ELP was added directly to the active followed by the excipients of the
internal phase. Granulation was performed with water. Drying of the wet internal phase
was performed at 50°C until 45 minutes. Calibration of the granules was made on 1 mm
sive size and finally the excipient of the external phase was added to the granules.

2.2.3.1.5. Reference
A suspension formulation was prepared as reference to the solid experiments.

For the 10 mg/ml concentrated suspension formulation API was manually suspended in a
mortar in methyl cellulose water solution.

2.2.3.2. Tabletting process



Tabletting was performed on Korsch excentrical tabletting machine with 3-15 kN
pressure force. Flat, rimmed tablets were pressed with 30-35 N hardness. The diameter of
the tablets were 6 mm. The temperature of the plant was 21°C and the relative humidity
was 23 %.

3. Results and Discussion

In a previous work, it was shown that Cremophor ELP can have protective effects against
rapid dissociation of fumaric acid co-crystal of SAR1 as active pharmaceutical ingredient

[11].

Cremophor ELP was included in the formulations at three different positions. It was the
last excipient of the internal phase in two cases (F1 and F3), one time it was added
directly to the API (F4) and one time it was the part of the granulation liquid (F2).
Different addition orders of water within the formulations were investigated as well. In
order to evaluate the effect on the integrity of the co-crystals, water, as standard
granulation liquid, was added to the internal phase in three cases (F1, F2, F4) and in one
case it was added directly to the active (F3).

The crystallinity of API in the granules was examined by XRPD (Figure 2).

The appearance of a peak at ~12.0° 20 not related to any starting phase was observed
with different intensities in the granules. This new peak corresponds to a
disproportionated free base observed in the reference formulation (10 mg/ml SARI1
suspension). Based on the results of our studies the fumaric acid to API ratio was shown
to decrease in parallel with the intensity increase of peak 12.0° 20 in the XRPD pattern
of centrifuged suspension samples. It suggests that in the granulated samples a minor part
of the API disproportionates to base and fumaric acid.

The appearance of the disproportionated phase in the granules are represented by the
intensity % of peak 12.0° 20 compared to peak 11.6° 2@ (Table 2). The most intense
change was observed in the F3 sample, where the API was mixed with water in a mortar
before granulation, which is similar to the preparation of the suspension. The highest
level of co-crystal integrity was measured for F2 and F4 formulations where the SARI
was granulated with the mixture of water and Cremophor ELP (F2) and when Cremophor
ELP was added directly to SAR1 (F4).



Table 2: Intensity % of peak 12.0° 2@ compared to peak 11.6°2 ® (100%)

Samples Intensity %
F1 4.0
F2 2.9
F3 6.7
F4 4.3
SARI co-crystal 0.0

When the dissolution kinetics were measured, about 10% dissolution decrease were
observed with F2compared to the F1 formulation (Table 3 and Fig. 3). The difference in
dissolution among the F2, F4 and F1, F3 formulations is significant at P=0.95 confidence
level. A slight decrease in dissolution could have a negative impact on bioavailability that
is why it is proposed to increase the content of the disintegrant within the formulation

when Cremophor ELP is used.

Table 3: XRPD and dissolution results of the four test formulations

Formulations Fl1 F2 F3 F4
Integrity of .
SARI fiumaric Fl and F4 | highest level lowest level F1 and F4
. same level of . . same level
acid co-crystal . . . . of integrity . .
by XRPD method of integrity integrity of integrity
Dissociation of . . : )
SARI fumaric signs Qf the | signsofthe | highestlevel | signs qf the
acid co-crustal dissociated dissociated of dissociated
by XRPDryme thod co-crystal co-crystal dissociation co-crystal
Dissolution reference ~10 % comparable ~10 %
profiles profile decrease with F1 decrease
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Fig 2: XRPD patterns of the test formulations F1 — F4 compared to SAR1 co-crystal and
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Flow through dissolution profiles of SAR1 co-crystal containing
experimental formulations

dissolution %
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Fig 3: Flow through dissolution profiles of SAR1 co-crystal formulations F1 — F4

4. Conclusion

Keeping the integrity of co-crystals as pharmaceutical ingredients after the manufacturing
process is essential to ensure advantages like faster dissolution kinetic and higher
bioavailability [12].

As the physical interaction between the active and its co-crystal former, these
pharmaceutical co-crystals are sensitive to rapid or slow dissociation in aqueous
microenvironment. Four experimental formulations were manufactured to study the
influence of water and Cremophor ELP order of addition in the formulation process.

Based on XRPD results higher integrity of the active as co-crystal was measured when
granulation process was performed with the mixture of Cremophor ELP and water. Fast
dissolution kinetic were obtained with all formulations containing the co-cystal form.
This suggests that Cremophor ELP is a suitable pharmaceutical excipient to increase the
physical stability of co-crystals and to ensure a positive effect on bioavailability.
Dissolution profiles of Cremophor ELP containing formulations needs to be monitored
regularly as Cremophor ELP has both an effect on co-crystal integrity and on dissolution
kinetics. However from biological effect point of view, ensuring co-crystal integrity is
more important than a slightly lower dissolution profile.
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Abstract

Flow through Dissolution technique is a well known approach from early 1970s
elaborated for low solubility BCS II and BCS IV [1] type active pharmaceutical
ingredients and for their drug products.

This is a suitable tool for evaluating and comparing active pharmaceutical ingredients and
formulations but it is also used to explore special issues related to new chemical entities,
salts and co-crystals. The Flow through Dissolution Equipment (FTDE) is used for
research and development studies mainly, but pharmacopoeias also make it possible to
elaborate a method on FTDE for routine analysis. Preparing FTDE for initiating a study is
slightly a longer process than in the case of classical dissolution equipment, but
researchers can reach significant results even if only a few mgs of the new chemical
entities are available. Furthermore the volume of the used dissolution medium is four
times lower at least, which is an economic advantage, if the price of the dissolution media
is rather high.

The aim of the article is to emphasize the potentials of the equipment during Discovery
and Preclinical / Preformulation phase.

Key words: Flow through Dissolution, active pharmaceutical ingredients, solubility,
solubility kinetic, solubility in FaSSIF and FeSSIF solutions

1. Introduction

The main limitation of classical basket or paddle type dissolution instruments is the sink
condition requirement, because there is a high risk to reach quickly the super saturated
concentration in a permanent one liter dissolution media, furthermore sometimes it is not
suitable to reach the sink condition for active pharmaceutical ingredients, which are
practically insoluble in aqueous solutions. In contrast to the past, when the majority of



research compounds had a relatively small molecular weight and acceptable solubility,
the number of larger and less soluble molecules showing permeability and/or solubility-
limited absorption has increased during the past years [2].

The opened type Flow through Dissolution technique, being a dynamic system, is closer
to the in vivo status of the body, than the static-type classical paddle and basket
apparatuses. The dissolved active pharmaceutical ingredient is removed and collected
from the cells of the FTDE and this process provides the possibility for dissolution of a
new portion of the solid material modeling absorption and elimination.

It is possible to combine the spectroscopic imaging and Flow through Dissolution
technique to improve the possibilities for investigating the release of poorly soluble APIs
from pharmaceutical tablets [3].

2. Methods and Materials
2.1. Flow through Dissolution Technique

The experimental work was carried out on opened, Sotax type Flow Through
Dissolution equipment. This type of equipment is designed both for on-line
spectrophotometric and off-line HPLC analysis. On line spectrophotometric measurement
is a suitable tool for routine analysis, when the dissolution kinetic profile is known from
previous measurements. The off-line configuration is preferred for Discovery and
Preclinical / Preformulation phase, when practically the evaluated candidates or salts
have different dissolution kinetic profiles. The set flow rate was 4.0 ml/minutes in all
cases to ensure suitable discriminative effect between the candidates; this is the lowest
flow rate recommended by the European Pharmacopoeia and USP. The temperature of
the media was 37.0 £ 0.5 °C. The scheme of the equipment is presented in Figure 1.

The fraction collector is designed with 60 ml tubes. Based on this the collection of all the
fractions is possible with 15-minute sampling intervals. If the sampling interval is
increased to 30 minutes, 50% of the fractions are collected automatically, which means
that a representative sample is collected.

The end point of the performed studies was between 60 and 120 minutes. According to
this the maximum necessary dissolution medium is between 240 and 480 mL / cells. This
low quantity dissolution media is preferred when the price of the special media e.g.
Fasted state simulating intestinal fluid (FaSSIF) and Fed state simulating intestinal fluid
(FeSSIF) is high because good quality of lecithin and Na-taurocholate are proposed for
the solution preparation. It is feasible to mimic the in vivo conditions with the media
selector tool. In that case several solutions — from acidic to neutral — flow through the
same cells. Some researchers put together the Flow through Dissolution Equipment with
a Caco-2 cell to obtain some data on the absorption behavior of the active pharmaceutical
ingredients, too [4].



As opened-type equipment was used for the trials the candidates met fresh dissolution
media during the study providing a tool for studying new molecules with low aqueous
solubility.

Different types of cells are available for testing powders, granules, solid dosage
formulations and patches. The most appropriate cell for Discovery and Preclinical /
Preformulation activities is the powder cell.

Since the particle size distribution of candidates has an impact on the solubility
kinetic, it was measured by laser diffraction or by microscopic methods. The differences
between particle size distributions are considered for the evaluation.

Open System

1 1

| ¥ FOT -
I . Splitter l
- S Fraction Collector
\ /Flowgen 'oYaste
Piston Pump
Fresh Medium
SOt

Figure 1
Opened type Flow through Dissolution Equipment

2.2. Comparison of the Classical Dissolution Technique with Flow through Method

During classical dissolution experiments the dissolution medium is practically
permanent (except when a media replacement is performed during the sampling period,
but this replacement is not comparable to the conditions of a flow through dissolution
technique); that is why it is challenging to ensure the sink condition requirement in case
of BCS Class II type active pharmaceutical ingredients; it is very often feasible with
surfactants, only. Dissolution experiment performed with high concentration of
surfactants decreases the correlation possibilities with in vivo conditions.



2.3. Materials

Some model active pharmaceutical ingredients with anti-inflammatory therapeutic
effect were selected. These are:

- ,,A” model: one chemical structure was evaluated,

- ,,B” model: four different chemical structures were measured,

- ,,C” model:

— two different salts and the base form of the active pharmaceutical
ingredient were compared

— FaSSIF and FeSSIF solubility was evaluated

Buffer solutions were prepared according to the USP and Ph Eur
recommendations.

The FaSSIF and FeSSIF solutions were prepared based on the description of the USP
working group [5] with high quality Lecithin and Na-taurocholate. Lecithin: the

manufacturer is Lipoid, product name is Lipoid E PC S, the purchase order number is
108036-1/104.

Sodium taurocholate: the manufacturer is Prodotti Chimici e Alimentari, the purchase
order number is 39778608. The analysis of samples was performed on Agilent 1200 type
HPLC equipment with gradient method. HPLC parameters in case of the ,,A” and ,,.B”
model materials were: C;g3 XTerra column, Sum, with 150 mm length and 4.6 mm
diameter. The HPLC analysis was performed at 37 °C, with 20 pl injection volume and
with 0.8 ml/min flow rate. The A eluent composition was: Water:Acetonitrile:Methane
sulphonic  acid  (1000:25:1) while the B  eluent composition was
Water:Acetonitrile:Methane sulphonic acid (25:1000:1). The samples were analyzed at
220 nm with UV detector. The concentrations of the standard calibration curve were: 5,
10, and 25 pg/ml. HPLC parameters in case of the ,,C” model materials were: C;3 XTerra
column, Spum, with 150 mm length and 4.6 mm diameter. The HPLC analysis was
performed at 37 °C, with 10 pl injection volume and with 0.8 ml/min flow rate. The A
eluent composition was: SmM KH;PO4, SmM K,;HPO, containing Water: Acetonitrile
(950:50) while the B eluent was Acetonitrile. The samples were analyzed at 250 nm with
UV detector. The concentrations of the standard calibration curve were: 20, 40, and 85
pug/ml.

3. Results and Discussion

3.1. Discovery Phase



Predicting before clinical testing how a drug will behave in humans requires a
battery of sophisticated in vitro tests that complement traditional in vivo animal safety
assessments [6]. The quantities of promising new candidates available for early
pharmaceutical evaluation are usually limited between 10 to 20 mg during the lead
optimization process. In order to choose the best compounds from biopharmaceutical
point of view, physicochemical parameters such as solubility, dissolution rate,
hygroscopicity, lipophilicity, pKa, stability, polymorphism and particle characteristics
need to be evaluated as early as possible and, above all, with the highest accuracy [7].
From the point of view of the success of the research it has a high importance to initiate
solubility kinetics studies in buffered and in biorelevant solutions (e.g. in FaSSIF,
FeSSIF) to estimate the in vivo behavior of the compounds as early as possible. Two
main types of evaluation exist during the early and late Discovery phases. One of them is
the formulation support while the other is the early biopharmaceutical evaluation of new
candidates. The particle size of the Discovery candidates was fine, below 20um measured
by optical microscope. During the comparison of several dissolution curves of different
candidates the particle size was also measured and evaluated. This is essential based on
the Noyes-Whitney equation as shown below, since dissolution rate depends both on the
specific surface area and the particle size distribution.

dW DA(Cs—C)
dt L

(1)

where:

aw . ) )
—— = is the rate of dissolution.

dt
A is the surface area of the solid.
C is the concentration of the solid in the bulk dissolution medium.
Cs is the concentration of the solid in the diffusion layer surrounding the solid.
D is the diffusion coefficient.
L is the diffusion layer thickness.

The greatest effect of particle size on absorption was simulated for low dose - low
solubility drugs. In general, the sensitivity of absorption to particle size decreased with
increasing dose or solubility. At a solubility of 1 mg/mL, particle size had practically no
effect on the percentage of dose absorbed over the range of simulated doses (1-250 mg)

8].



3.1.1. Formulation Support with Flow through Dissolution Technique: testing of “A”
model material

Formulation development during early drug discovery and lead optimization involves
several challenges including limited drug supply, the need for rapid turnaround, and
limited development time. It is also desirable to develop initial formulations that will be
representative of final commercial formulations [9]. The target of Discovery is to screen
many molecules as fast as possible. This activity can be helped, if the new candidates can
be found in a solution formulation because in that case the physical characterization such
as determining the polymorphic forms and measuring the particle size distribution within
the suspension formulation is not necessary [10]. The basic knowledge required to
elaborate a solution formulation is the pH dependent solubility profile of new candidates.
The measurement of the pH dependent solubility properties of the new candidates is
rather difficult, if the available quantity of the candidate is 10 mg only. Flow through
Dissolution Equipment is a very good tool in that case, since there is a possibility to
initiate the solubility kinetics study from 1 mg active pharmaceutical ingredient (API) per
powder cells. The pH dependent solubility profile and pH range requirement of the
administration route determine the pharmaceutical possibilities of the formulators. In the
case of ,,A” model material the pH dependent solubility profiles were measured at three
different pHs such as pH=1.2, 4.5 and 7.2. The cumulative flow through dissolution
curves are presented in Figure 2. According to the curves it can be established that the
dissolution profile of ,,A” model material is faster and better at pH=1.2 and 4.5 and it has
a very low solubility at pH=7.2. This low solubility at pH=7.2 is really a pharmaceutical
challenge since nasal administration route is planned and neutral pH was requested by
pharmacologists. The formulation issue was solved with a low quantity of surfactant at
pH=7.2. The tolerability of the formulation was tested on animal model with good results.



"A" model active pharmaceutical ingredient

dissolution %

—h————A

0 10 20 30 40 50 60 70 80 90 100 110 120

time (min.)

—o—"A" model / pH=1.2 artificial gastric fluid
—=—"A" model / pH=4.5 acetate buffer
—&—"A" model / pH=7.2 phospate buffer

Figure 2
Cumulative dissolution curves of ,,A” model material

3.1.2. Biopharmaceutical Evaluation of Discovery Model Material with Flow through
Dissolution Technique: testing of “B”” model material

The objective was to select the lead candidate based on chemical and pharmaceutical
assessment. This example illustrates that collaboration between chemists and pharmacists
as early as possible is important to identify insoluble chemical scaffolds.

Even though the solubility can be estimated from computation of the effect on solubility
of each functional group individually, the exact analysis of the solubility of the complete
chemical structure is essential that is why an in vitro kinetics test at 37°C has been
performed. Based on chemical stuctures of Figure 3 the best solubility kinetic profile was
expected from the IV™ chemical structure at pH 1.2 in artificial gastric fluid however the
fastest dissolution kinetic was measured for the I* chemical structure. Interesting results
were shown by the " and the IV™ structures with similar dissolution kinetics under
acidic and almost neutral conditions as well.

The calculated or measured pKa values are available for candidates, if they can be
ionized. Based on those values the possible absorption site of the non-ionized forms
within the gastro-intestinal tract can be evaluated. The main targets of the early
biopharmaceutical evaluation are to measure the pH dependent solubility profiles of the
leads or scaffold structures and to support the candidates that have better solubility
properties on the estimated absorption site. Different chemical structures of ,,B” model
were evaluated based on the above mentioned considerations. The cumulative solubility



curves are presented in Figure 3. Cumulative curves of Figure 3 show that ,,B” model /
I structure (has appropriate solubility both at pH=1.2 and 7.2, which is promising
because the candidate can be found in a non-ionized form (suitable for absorption) at
pH=7.2 under Fasted conditions. ,,B” model / I*' structure has an excellent solubility at
pH=1.2 but we can not use this from pharmaceutical point of view because the candidate
can be found 99.9% in ionized form.

Structure II has a pH independent absorption but its solubility is rather low at both
pH=1.2 and 7.2, that is why this structure is not proposed for further development.

Structure IV has moderate and practically similar solubility properties at pH=1.2 and 7.2,
however 36.5% of the candidate can be found in a non ionized form at pH=7.2 according
to the calculated pKa value. Based on the above mentioned facts Structure IV has not
been proposed for further development.

The Flow through Dissolution technique was an excellent tool, because the evaluation
was available within a short time and it gave a good feedback to chemists and pharmacist
as well.

According to the above mentioned approach the new, supported candidates were the ones
that have acceptable aqueous solubility on the estimated place of the absorption. This is
also very important from Preclinical development point of view, since the costs can be
reduced if e.g. particle size decrease can be omitted based on the acceptable aqueous
solubility property of the candidate. Naturally not only solubility but the absorption
properties of the candidates are so important for the pharmacological effect.
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Selection of the best scaffold structure from biopharmaceutical point of view



4. Preclinical Phase: testing of “C” model material

Higher quantities of the selected APIs are available for several Preclinical activities such as
pharmaceutical evaluation of several salts, co-crystal [11] versus base and formulations.

4.1. Comparison of Several Salts or Co-crystals

The Flow through Dissolution study was performed on two salts (fumarate and di-sulfate) and
on the base form of the ,,C” model. The results are presented in Figure 4.

The dissolution study was prepared at pH=1.2, 3.0, and 7.4 furthermore at pH=7.4 with 0.5 %
Tween 80. Based on the flow through dissolution curves it can be seen that the dissolution
behavior of the tested two salt forms and the base form is similar (they have decreasing
solubility from pH=1.2 to 7.2), however fumarate salt has the best dissolution rate at pH=7.4
when Tween 80 was measured into the dissolution medium. This fact was used during the
formulation development of the fumarate salt of the ,,C” model.
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Figure 4
Comparative Flow Through Dissolution curves of ,,C” model material
4.2. Flow through Dissolution Study in FaSSIF and FeSSIF Solutions

The food effect prediction for ,,C” model as a fumarate salt was performed on the opened type
Flow through Dissolution equipment, which most closely models in vivo conditions. The most
frequently used media are the fasted and fed simulated small intestinal fluids (FaSSIF and
FeSSIF) developed by Galia et al [12]. Since the studied salt met fresh dissolution media
during the dissolution study the results are closer to the dynamic system of the in vivo
conditions, than to the static-type classical dissolution techniques. The dissolution results, the
calculated reaction speed constants and the evaluation of the kinetic of the dissolution process
are summarized in Table 1 while the dissolution curves are presented in Figures 5 and 6.

4.2.1. Evaluation of the kinetic order of ,,C” model material

After some minutes of lag time a clear first kinetic order was confirmed for the Flow through
dissolution in the FeSSIF medium (the correlation coefficient is 0.9889) graphically and with
calculation. But the kinetic order in FaSSIF medium correlates with the first order between 30
and 60 minutes dissolution time and it has a pseudo-first order from 90 minutes dissolution
time (the correlation coefficient is 0.9551). According to the results of Table 1 higher lecithin
and Na-taurocholate content of FeSSIF medium ensures a first kinetic order of “C” model
material but in case of the FaSSIF medium the dissolution of the API is limited in FaSSIF
medium from 90 minutes dissolution time.

4.2.2. Evaluation of the food effect of ,,C” model material

1.7 times higher absorption (average of FeSSIF/FaSSIF ratio) is expected based on the in vitro
Flow through Dissolution results after high fat containing breakfast, which means a slight risk
for food effect.



FeSSIF:FaSSIF ratio measurement is a standard measurement during Preformulation studies,
but if the ratio is based on equilibrium solubility or on classical dissolution measurements
there is high risk for much higher differences during clinical studies, because classical
approaches do not calculate with the dynamic circumstances of the human body. Based on the
above mentioned facts FTDE is proposed to measure the FeSSIF:FaSSIF ratio.

Table 1

FaSSIF, FeSSIF Flow through Dissolution results of ,,C” model material

Dissolution medium FaSSIF, Cy=1 mg

Time

Reaction speed constants

Dissolved | Dissolved | Remaining Zero order First order | Evaluation of the
. % mg mg (C) kinetic
(min.) c,-C 2303, Co
= k=———log—
t t C
5 0.02 0.0002 0.9998 0.0040 0.0000
Lag Time
10 3.64 0.0364 0.9636 0.3640 0.0037
30 35.32 0.35323 0.6468 1.1774 0.0145
45 48.48 0.48477 0.5152 1.0773 0.0147 First order
60 57.74 0.57743 0.4226 0.9624 0.0144
90 65.40 0.65397 0.3460 0.7266 0.0118
Pseudo-first
120 | 7298 | 0.72977 0.2702 0.6081 0.0109 order
Dissolution medium FeSSIF, Cy=1 mg
5 0.04 0.0004 0.9996 0.0080 0.0001
Lag Time

10 9.07 0.0907 0.9093 0.9073 0.0095
30 63.04 0.6304 0.3696 2.1012 0.0332
45 76.54 0.7654 0.2346 1.7010 0.0322
60 87.33 0.8733 0.1267 1.4555 0.0344 First Order
90 93.95 0.9395 0.0605 1.0439 0.0312
120 100.51 1.0051 -0.0051 0.8376 -
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FaSSIF Flow through Dissolution curves of ,,C” model material
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5. Conclusion

Based on the results it can be stated that the flow through Dissolution technique is an excellent
tool for evaluating several candidates of both Discovery and Preclinical phase, in particular
when low quantities are available from candidates for pharmaceutical evaluation. This
technique is able to support the development of a discriminative dissolution method, even if it
is unfeasible with a classical dissolution approach in 500 ml or 1000 ml dissolution medium.

This approach provides a possibility for Preformulation experts to build the pharmaceutical
knowledge into the molecules as early as possible. The basic pharmaceutical knowledge
regarding the pH dependent solubility of the API was available within a short time with an
HPLC analysis and the results gave the possibility to start the formulation approach.

The opened-type FTDE represents the dynamic system of the human body in a better way
than the classical paddle or basket methods that is why FTDE has a definitely higher role
during the Discovery and Preclinical studies, in particular for BCS II and IV type candidates.
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Flow through Dissolution - a Useful Tool
from Discovery Phase to Preclinical Development

Mdrta Venczel', Gabriella Uihelyi', Tamds Sovdny’,
Kldra Pintye-Hody

Flow through Dissolution technique is a well known
approach from early 1970s elaborated for low solubility
BCS 1I and BCS TV type active pharmaceutical ingredi-
ents and for their drug products.

This is a suitable tool for evaluating and comparing ac-
tive pharmaceutical ingredients and formulations but it is
also used to explore special issues related to new chemi-
cal entities, salts and co-crystals. The Flow through Dis-
solution Equipment (FTDE) is used for research and de-
velopment studies mainly, but pharmacopoeias also make
it possible to elaborate a method on FTDE for routine
analysis. Preparing FTDE for initiating a study is slightly
a longer process than in the case of classical dissolution
equipment, but researchers can reach significant results
even if only a few mgs of the new chemical entities are
available. Furthermore the volume of the used dissolution
medium is four times lower at least, which is an
economic advantage, if the price of the dissolution media
is rather high.

The aim of the article is to emphasize the potentials of
the equipment during Discovery and Preclinical /
Preformulation phase.

'CHINOIN Pharmaceutical and Chemical Works Private
Co Ltd — member of sanofi-aventis group,
Budapest, Hungary
*Department of Pharmaceutical Technology,
University of Szeged, Szeged, Hungary

E-30
PAT (Process Analytical Technology) —
eredmények és lehetéségek

Fekete Pal

A PAT (Folyamat Elemzési Technologia) irinyelvet végsd
formajéban az FDA 2004 szeptemberében hozta nyilva-
nossdgra. Annak ellenére, hogy a PAT mddszerek alkal-
mazdsa mas ipardgakban mér bizonyitotta a termékmind-
ség javitasdra, a termelékenység fokozésdra és a koltsé-
gek csokkentésére gyakorolt kedvezd hatdsat, a gyogy-
szeriparban vald széleskorli elterjedése mindmaig varat
magara.

Az elmilt id6szakban pedig szamos olyan mérési mod-
szert dolgoztak ki, illetve njitottak meg, amelyek alkal-
masak a gydgyszergyartas soran a kiindulasi anyagok, a
kozbenst termékek és a végtermékek kritikus mindségi
paramétereinek mérésére, az adatok sokoldald feldolgo-
zésdra és a hagyomanyos mindségi kovetelményekkel
valé harmonizacidjara. A PAT bevezetése ugyanakkor 1j
ismereteket, 0j szervezeti formakat és szisztematikus ki-

sérleti munkat igényld feladat, ezért a kezdeti lelkesedést
a kockazatok felsorolasa véltotta fel. Mivel ezek jo része
jogos volt, ez 1j lendiiletet adott a szabvdnyosithato, ro-
bosztusabb, egyszeriibben kezelhetd, olcsobb mérd- és
adatfeldolgoz6 rendszerek kifejlesztésére. A PAT modsze-
rek bevezetésének bonyolultsaga miatt azonban a legtébb
szakértd a kis lépésekben valo haladés taktikajat javasol-
ja.

Bar a PAT alkalmazasa dnkéntes, a bevezetésével kés-
lekedd vallalatok konnyen versenyhatranyba keriilnek a
mindség, a hatékonysag, a gyartasi koltségek cstkkenté-
se, az Uj termékek kifejlesztési iddigénye, valamint a val-
toztatisok engedélyeztetése terilletén.

v

Meditop Gyégyszeripari Kft., Pilisborosjend
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PAT helyzet a parametrikus felszabaditasban

Monori Csilla

A parametrikus felszabaditds alkalmédval a keésztermek
felszabaditdsa specidlis paraméterek esetében a készter-
mék rutinszer( vizsgdlatanak elhagydsaval, a gyartaskozi
vizsgalatok eredményei és gyartasi paraméterek ellendr-
zése alapjan torténik. Jelenleg a parametrikus felszabadi-
tas csak végso tartdlyukban sterilezett termékekre enge-
délyezett. Ezeknél a termékeknél a sterilitasi vizsgalatnak
mint leghosszabb ideig tartd vizsgalatnak elhagyésa je-
lentBsen lerpviditi a felszabaditasi folyamat idétartamat,
ami jelentds koltségesokkentd tényezd. Ez azonban nem
torténhet a termékbiztonsdg rovéasara. Egy jol kidolgozott
PAT rendszer a biztositéka annak, hogy a felszabadito a
dontéshozatalkor ne keriilhessen patthelyzetbe, és mindig
az érvényben 1évo forgalombahozatali engedélyben rog-
zitetteknek, valamint az aktualis GMP kévetelményeinek
megfeleld terméket engedjen forgalomba.

TEVA Gyogyszergyar Zrt., Godolld
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Kockazatelemzés, mint a Mindségiigyi Rendszer része

Morvai Magdolna

A XXI. szdzad mindségbiztositasi rendszerének alapja, a
termék min&ségét befolyasold hatisok elemzése, értéke-
lése, azok kritikussdganak besoroldsa, abbol a célbdl,
hogy a kockézatok cstkkentésére, megeldzésére, s ezaltal
a termék mindségének fenntartisara megfeleld intézkedé-
seket lehessen meghozni.

Altaldnosan ismert, hogy a kockézatot az artalom el6-
fordulasi és silyossagi valdszinliségének kombindcidja-
ként hatdrozzak meg. Egy gydgyszertermék gyartasa és
felhasznaldsa sziikségszerlien tobb kockazati fokozatot
foglal magaban.

A hatékony kockazatiranyitds biztositja a gyogyszerter-



