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Abstract: Polymorphism of active pharmaceutical ingredieigsPls) gets increasing
attention as an important physico-chemical parametieiencing bioavailability and stability
of APl and pharmaceuticals. Co-crystals of APl withmmon pharmaceutical excipients
become very important as a tool to tune up solybgind absorption. Bisphosphonates
(e.g. alendronate, risedronate, ibandronate) adelywiused in clinical practice. They are
indicated for the treatment and prevention of gsbeasis. They are powerful inhibitors of
bone resorption, but their gastrointestinal adsonpis only about 1% due to their high
hydrophilicity. Some experiments were designedrapare co-crystals of ibandronate. In the
present study various mixtures of ibandronate amipeents were prepared. All the prepared
mixtures (solid compounds) and/or new entities waralyzed by means of FT-NIR
spectroscopy. The absorption of potential new gstats was investigated by means of the
PAMPA experiments.
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INTRODUCTION

Bisphosphonates (BPs) are the most widely usedtendhost effective antiresorptive agents
currently available for the treatment of Paget'sedse, tumor-associated bone disease, and
osteoporosis. All BPs have high affinity for bonéneral as a consequence of their P-C-P
backbone structure, which allows chelation of eaiftiions [1]. The following release from
bone mineral during acidification by osteoclastBsEppear to be internalized specifically by
osteoclasts but not other bone cells [2]. The aaltalar accumulation of BP leads to
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inhibition of osteoclast function, due to changeshie cytoskeleton, loss of the ruffled border
[2,3], and apoptosis [4-7]. The ability of BPs tthibit bone resorption depends on the
presence of two phosphonate groups in the P-Cdetste, which appear to be required for
interaction with a molecular target in the ostesclas well as for binding bone mineral
[8-10].

Bisphosphonates as pyrophosphate analogues (semfstiucture in Figure 1) are a group
of drugs widely used in practice. There are sevaalctable bisphosphonates: etidronate
(Didronel®), pamidronate (Ared® and zoledronate (Zomé&tg which may be given every
three months or yearly. Ibandronate in contrashwalendronate (Fosamgxand risedronate
(Actonel®), which can be taken daily or weekly, is the omfgl revolution biphosphonate that
is approved to be taken monthly [11]. Oral bioaaaility of these bisphosphonates is very
low (their gastrointestinal absorption is about 1#¢ to their high hydrophilicity [12].

Figure 1. Structures of clinically used bisphosphonates.
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In general, structural modifications are the bealwo improve permeabilityt) ionisable
groups to non-ionizable groups) increase of lipophilicityjii) isosteric replacement of polar
groups;iv) esterification of carboxylic acid)) reduction of hydrogen bonding and polarity;
vi) reduction of sizeyii) addition of a nonpolar side chaiwji) preparation of prodrugs.
Generally these strategies are based on a few fiuenatal concepts: reduction of ionizability,
increase of lipophilicity, reduction of polarityr @seduction of hydrogen bond donors or
acceptors. Thus, it is important to assess perniyaleiarly and to build permeability
improvement into the synthetic plan from the begignThis could rescue a chemical series
that has great potential and improve drug exposumreanimal pharmacology and
pharmacokinetic studies [13].

Formulation is other strategy for improving permiégband bioavailability. For example,
permeability enhancers, surfactants or pharmaauwtamplexing agents can be used in oral
dosage form [13].

The application of co-crystal technologies has amdgently been recognised as a way to
enhance solubility, stability and the IP positioithwrespect to the development of APIs.
Unlike salt formation, co-crystallisation does rely on ionisation of the APl and the
counterion to make a solid. Instead, both companerilise prominent intermolecular
interactions, such as hydrogen bonding, to combamyield a uniform crystalline material.
Combining an API with a pharmaceutically acceptadayent in this guest/host manner has



become an increasingly attractive route for devielppharmaceutical products. For example,
co-crystallisation offers an alternative when saleening is either unsuccessful or impossible
(due to lack of ionisation sites) to improve theysibal properties of a drug. Furthermore,
exploring the co-crystallisation potential around API1 increases the intellectual property
protection over a particular drug product; thuguang the risk of costly litigation and
market erosion. A recent development in the fiedd hot only seen co-crystallisation as an
alternative to salt studies, but has also seecomsbination with salts to yield co-crystals of
salts [14]. Co-crystals of API with common pharmaezal excipients become very important
[15,16].

Due to the above mentioned facts some experimeets designed to prepare co-crystals of
ibandronate as a base for possible super gendmidbe present study various mixtures of
ibandronate and excipients (more hydrophobic adjluctdifferent ratios and under various
conditions were prepared. All the prepared mixtusedid compounds) and/or new entities
were characterized by means of the Fourier tramsfoear-infrared (FT-NIR) spectroscopy.
Potential new co-crystals (new entities with préstichigher lipophilicity) were investigated
for their absorption by means of experiments usthg parallel artificial membrane
permeation assay (PAMPA).

RESULTSAND DISCUSSION

Various excipients and/or pharmaceutically accdptaments were evaluated as potential
counterions: a-D-glucose, o-D-mannose, a-D-galactose, methyl-D-glucopyranoside,
methyl$-D-galactopyranoside, methyHD-mannopyranoside, phenf#b-glucopyranoside,
phenyl$-D-galactopyranoside. All studied excipients artusirated in Figure 2. The
evaluated samples were prepared by means of disgolof ibandronate and excipient and
subsequent reverse obtaining of solid compoundswikee characterized using the FT-NIR
spectroscopy (diffuse reflectance method, DRIFT).

Figure 2. Excipients and pharmaceutically acceptable agardhiated as potential
counterions.

HOH HOH oH HOOH
Ho o) Ho
HOHO H Hﬂo H |I--||O H
@] H @]
H OH H OH H OH
a-D-glucose a-D-mannose a-D-galactose
OH OH OH
H H OH HO
Ho -0 Ho
HO HO H
HO H HO H HO OCHgs
@) H @]
H OCH3 H OCH3 H H
methyl-a-D-glucopyranoside methyl-a-D-mannopyranoside methyl-B-D-galactopyranoside

HOH HOOH
Ho Ho
HO H
HO O HO (@]
(@]

phenyl-3-D-glucopyranoside phenyl-B-D-galactopyranoside



Optical sensing methods represent an important adetbgy in the modern analytical
chemistry. The Fourier transform near-infrared (fIR) spectroscopy is a fast and non-
destructive modern analytical technique that off@@ny advantages for a broad range of
applications, e.g. in pharmaceutical developmeit gurality control and process analytical
technology. A near-infrared spectral region (11802 nm) is used for the analytical
determination of chemical parameters in multipleérioes and industrial products. This has
been due to the specific characteristics of thiscspl region, the availability of modern
instrumentation and the development of advancecthoheetric approaches [17].

From all tested agents only pheflyD-galactopyranoside generated co-crystals with
ibandronate, see Figure 3. Samples of ibandronatmoreodium salt: pheny@-D-
galactopyranoside, in ratios 1:1 and 1:3 were pezhasee Figure 1. Absorption of both
samples (co-crystals in ratios 1:1 and 1:3) wevestigated using PAMPA experiments.

Figure 3. NIR spectra of ibandronate mono-sodium salt, phgry-galactopyranoside and
spectrum of their potential co-crystal.
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Many low molecular weight drugs are absorbed thinoymassive (or partially passive
transport). Assays using artificial membranes, aglPAMPA, can be used as an alternative
approach to assessvitro transcellular passive permeation [13].

The permeability of ibandronate and both co-crgstatl and 1:3 was tested. It is
recommended for retaining interactions of both congmts in the solution to increase
concentration of counterion in the applied mixt{k6]. Therefore samples with addition of
six fold quantity of phenyp-D-galactopyranoside to the co-crystal solution eveiso
evaluated. The results of absorption study are showable 1.



Table 1. Concentrationifg/mL] of ibandronate standard and co-crystal samplecceptor
solutions of PAMPA plates.

Compound Concentration [pg/mL]
ibandronate mono-sodium salt 2.4
co-crystal 1:1 2.4
co-crystal 1:3 2.06
co-crystal 1:1 + phenyl-p-D-galactopyranoside (1:6) <2
co-crystal 1:3 + phenyl-p-D-galactopyranoside (1:6) <2

Unfortunately, the evaluated co-crystals of ibandte and pheny3-D-galactopyranoside
showed similar or relatively low absorption relatedpermeability of ibandronate API, see
Table 1, which is in conflict with our expectatigkccording to the results in Table 1 it can be
concluded that higher amount of phefiyb-galactopyranoside probably blocked pores in
artificial membrane and this caused a decreasksarption.

EXPERIMENTAL

Generation of co-crystal

All excipients were purchased from Aldrich. All tlevaluated samples were prepared by
means of dissolution of ibandronate and excipienagueous methanol in different ratios
(1:1 and 1:3) and subsequent return obtainingsafid compound. Near infrared spectra were
recorded using a Smart Near-IR UpDrift™, Nicolet™06 FT-IR Spectrometer (Thermo
Scientific, U.S.A.). The spectra were obtained bgumulation of 128 scans with 4 ¢m
resolution in the region of 12800-4000 tmMass spectra were measured using a LTQ
Orbitrap Hybrid Mass Spectrometer (Thermo Elect®@orporation, U.S.A.) with direct
injection into the APCI source (400 °C) in the piogi mode.

PAMPA experiment

The PAMPA plate (BD Gentest, BD Biosciences Disegueabware, Bedford, MA, U.S.A.)
was warmed to laboratory temperature. Compoundbeomixtures were dissolved as much
as possible. Standards (ibandronate, phptiytgalactoside) were dissolved in®+HPLC —
Mili-Q Grade. Samples were dissolved in 0.01 M H®id than pH was adjusted by
bicarbonate buffer to pH 6.0. When the sample wasduated in excess of pherfib-
galactopyranoside, the ratio 1:6 (co-crystal : ph@aD-galactopyranoside) was applied. The
donor solutions (30QL) was put on the plate and incubated for 5 hoArghysiological
solution (200uL) with pH 7.4 was used as an acceptor solutioterAhe incubation time the
acceptor solution was directly injected to the mgssctrometer. Each sample was evaluated
in 5 wells. The results are summarized in Table 1.
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