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The role of cocrystallization screening for the assessment of

structure-activity relationship in drug development

Aleksandar Cvetkovski®, Bistra Angelovska

Faculty gf Medical Sciences, University "GoceDelcav ™, Erste Misirkov 10-4, PO 201, 2000 Sup, Republic of Macedonia

Introducton

The selection of the aystalline phases i a form of mo-
lecular co-crystals has become scientific challenge at the
carly stage of dmg development of pharmacentical fornm-
lations and in the late stage of synthesis and isoladon of
active pharmacentical ingredients (APIS) in desirable de-
fined crystalline forms. Optimal crystal form of APT inter-
actively interrelates and impacts its squeous sohubility and
dissolution rate that are benchmark for dmg delivery and
absorption determining the extent of its bioavailability and
pharmacokinetics profile. Determining the crystal stmac-
ture and revealing the aystal packing forces and geometry
of the APT has impact its physicochemical properties. This
approach is the crteria for assessment of the performance
of the APT. The range of crystal forms in which moleoular
co~crystals of APIs may exist is advantageous companng
to their polymorphs, salts, solvates and hydrates due to the
wast number of potential co-formers which extend the im-
ited counterions for salt formation implying the cxdstence
of more complex infermolecular mteractions based on dif-
ferent H-bonding patierns with API that lead to conforma-
tional changes and flexibility for crystal packing in process
of co-crystallization

Co-crystallization became well known botiom-up ap-
proach staring fom intermoleculsr interaciions among
cither selected nentral, fonic or zwitterionic molecules to
disign and control the propertics of the omlticomponent
crystals (Braga, 2004). In the scope of interest for dmg de-
sign and formulation, Good et al. (2009) and Cheney et al
{2011) emphasized that the main advantaze for desipning
pharmacentical co-crystals (PCCs) is, through their mod-
ulating properties, o mprove the performance of the na-
tve API: such are: biopharmacentical profile (solubili-
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ty and dissolution rate), thermodynamical stability (phase
transition of polymorphs, solvate’ hydrate formation, de-
compositon) or bulk powder processability (Qowability,
compressibility, particle size and shape contrel). Childs et
al. {2007y has pointed out the necessity co-crystals {CCs)
semantically to be classify based on accomplishments in
research of supramolecular chemistry. This approach en-
lizhtens the complex reality of mulbd-component systems
and the wide scope associated between salts and co-crys-
tals, and their differences based on the location of the Tans-
fermed proton within the salt - co-crystal contimmm
Biguanide dmgs are well known and wide used oral
antidiabetic dmgs for oral therapy of disbetes type-2 that
directly improve nsulin action. Recent smdies in the re-
search work carmied out by Vigic et al. {2015) has point-
ed out that biguanides in combination with targeted in-
hibitors in order to obtain synergy in reduction cell via-
bality, inhibited tomor growth in the mmtated neuroblasto-
ma rat sarcoma oncogene (WEAS) protein from melane-
ma cells. Hence, it is expected that combination of bizu-
anides which affect acivation of the AMP-activated pro-
tein kinases (AMPE) and the regulation of enetgy metabo-
lism with outcome to cell’s energy sparing, in combination
with other anti-cancer dmug-models would infloence direct
blecking cell’s signaling and hinder the resistance.

Material: and methods

Co-crystallization screening reveals protocol was un-
dertaken in order o grown single cystalline phases of
PCCs composed of dmg mede] metformin (MET), selected
from bipwanides class of dugs and coformers that belong
to different pharmacotherapy and functional group class-
s, respectively.

Co-crystallization screcning was carried out on apply-
ing slow-rate sobvent cvaporation method for growing sin-
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gle crystalline phases at room temperatre with quality ab-
sohafe stmocture to be determined An equimolar quantity
of MET and co-crystal parmer was dissolved in the min-
imum quantity of cthanol and left for slow evaporation at
room temperature. Colorless crystals were observed after
a few days.

For four MET PCC models, the methods of prepara-
don reproducible batches were optimized. The quality of
batches was conirolled by Powder x-ray diffractometer
comparing the obtained cxperimental diffracto zrame with
the same one that was theoretically zenerated from the sin-
zle arystal for each of four PCC models.

Single-crystal diffraction data were collected on a
Nonius Eappa difftactometer equipped with a CCD de-
toctor with praphite-monochromatized MoEa radiation (3.
= 0.71069 A). Intensities were comected for Lorentz and
polarization effects. The stuchres were solved by direct
methods with the STRST suite of programs and refinement
were performed on F2 by full-matix least-squares meth-
ods with all non-hydrogen atoms anisofropic.

Flow-cytometry was applied for measuring viability of
the two PCC models.

Rezults and discussion

Vijic et al. {2015) has camied out research for both
pro-cancer and anti-cancer effects of biguanides on cancer
cells, indicating existence of association of the antidiabetic
therapy and reduced risk of cancer in disbetic patients. Be-
canse bizwanide represents the n-conjugated system, MET
can exist in three resonance-stabilized forms, i.e. as newtral
molecule (MET), monoprotonated (MET+) or diprotonat-
ed (METZ+) cation, with dissociation constants in water in
range from pEal = 12.00 to pEa2 = 2.00.

A search of the bignanide frazments in the smoctur-
al literature, both in the CCDC (Cambridge Crystallogra-
phy Datzbase Center) datsbase and in patents, shows that
in crystals MET exists 3z monoprotonated (MET+) or de-
protonated (MET2+) but never in its neuiral form MET.

Wi have undertaken a systematic study of the crystal
chemistory of MET with the aim of understanding its prop-
erties in the solid state and finding relationships with its
biopharmac eutical profile. We have determined the stooc-
fures of the 28 MET PCCs. Four of this MET PCC mod-
¢ls are “dmz-dmg” type of co-ystals. The lizand uwsed
for co-crystallyzation was from the following classes: inor-
ganic acids (nitric, phosphoric and carbonic acid); orgamic
WH-type acids (saccharine and acesulfame); organic OH-

type acids (squaric and picric acid); monocarboxylic ac-
ids (fomaric, acefic, riflnoreacetic, mchloreacetic, dichlo-
roeacetic, monechloreacetic, glycolic, salicylic, diclofenac)
and dicarboxylic acids (oxalic, malonic, maleic, fumaric,
smocinic, adipic acid).

Concluzion

In the paper are presented struchare analyses for “dmg-
dmug”™ type of PCCs where both APT and CF exhibit phar-
macalogical effect. This approach of desigming “dmg-
dmug™ type of PCC aligned to the strategy for dmg repo-
sittoming, the idea for use of 2 dmg for meating discases
other than the dmg-specified. This concept was promps-
ed in 2012 through the Discovering Mew Uses for Exist-
ing Molecules program, initisted by US's Mational Insti-
e of Health (WNIH).

The case smdy underlines the crystal zrowth and
the methed of preparaton for “dmg-dmg™ type of PCCs
wherein two different APIs cocrystallized in single crystal
cell, and that represent new paradigm for approaching in
development of “Axed-doses”™ or “combo™ pharmaceutical
formulations. Preliminary resalts of the Stucmre-Activi-
1y Belatonship smady on the co-crystals composed of MET
with dichloroacetic acid indicate dusl and complementary
anti-cancer activities of the two selected dmgz models for
co-crystallization.
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