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One of the major unsolved problems in pharmaceutical drug development is
the poor water solubility of many active pharmaceutical ingredients (APIs)
and hence reduced bioavailability. One of the preferred strategies to address
this problem was to leverage the increased solubility with decreasing drug
particle size. However, an ideal solution would be to eliminate the problem of
solubility entirely, by reducing the API size to clusters of a few molecules, bound
by weak, Vander Waal's forces that would readily dissociate into molecules,
during enteral or parenteral drug delivery process. In order to have commercial
impact, such molecular clusters should also be produced in sufficiently high
yield. In our research, we have successfully addressed both these challenges.
We report the precipitation of molecular clusters of ibuprofen using a rapid
expansion of super critical solution (RESS) system. Our custom designed
liquid N, cooled collection process of the molecular clusters embedded in
dry ice, resulted in yields of up to 80% (w/w). Ambient dissolution of the dry
ice in deionized water resulted in a stable dispersion, for up to six months,
as confirmed by DLS and AFM characterizations. DLS measurements showed
that PEI surfactant (M, ~400,000) produced the smallest particle size of 7 nm,
with a narrow size distribution of +3 nm. Drop casting of these dispersions
on silicon and sapphire substrates resulted in high quality, liquid like viscous
films as observed by optical microscopy and AFM. XRD and confocal Raman
characterizations confirmed that the molecular clusters retained their
chemical identity of ibuprofen. Besides its scientific importance, this invention
is expected to open up new drug delivery platforms.
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