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PURPOSE RESULTS

Oral drug delivery remains the preferred method of administration but BCS Class |l drugs are not ideally suited to Solid state analysis (Fig. 3-4) reveals that printing the drug alone results in a fully crystalline product, however on application of a polymer this crystallinity is reduced with a completely amorphous product being achieved by 75% polymer
this due to their inherent poor solubility. Although a number of methods to increase solubility already exist, there is content or higher. Raman mapping suggests drug distribution is significantly improved by printing with physical mixtures showing distinct areas of the drug and polymer, while the printed samples have a more striated appearance (Fig. 5). The
a need for manufacturing methods which are more flexible to the requirements of the individual patient. The morphology noticeably changes on printing with the polymer with the needle crystals of the APl gradually forming spherical amorphous particles as the polymer forms a matrix around the drug (Fig. 6).
current work aims to increase the solubility of poorly soluble drugs using the innovative manufacturing technique — A) rosoo. e 7 e
of inkjet printing with a view to creating formulations which are more easily tailored to the needs of the patient. 33 MM 1N Amerphous
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Dosage forms were produced using an Optomec AJ200 Inkjet 3D Printer (Fig. 1), which functions by aerosol jet 5 o oo e, @ 5 s N o YA W R Y g
powered by pneumatic atomisation. Pressurised nitrogen is forced through APl and/or polymer based solutions = g e H) 8 5000- -
causing this “ink” to form a vapour which ultimately transverses a ceramic nozzle tip in a jet stream. The o0 | |) 2 B amansnitemn
formulation "ink" can be deposited on an appropriate substrate in a similar manner to how ink is applied to paper 28 £ 25001
iIn a conventional home printer. The printer allows scaling of the formulation at a number of points. This can be U .J)I s o 7 ‘ , P
achieved firstly at the design stage, in which CAD drawings can be used as a template, secondly by changing the oA T ig 25 )30 35 1500 1850 1600 1650 1700 pt L S | K
ink ratio or components, thirdl hanging the nozzle diameter utili nd ultimatel ilding formulation ° 8 PRgTees Feman Snif (e PSS SSsR s R, SL AR REER SLE

: atl 00 quhPO e :S’ th dly by Cba ging tde. Oh e dia ?te |Ut Se(: at d ult a.te y lby blé ding Oh . a;[h(? S Fig 3: XRD of physical mixtures (A, C, E, G and |) and Fig 4: Raman spectroscopy of the terahertz (top) 1500-1650 cm-1 Fig 5: Raman Mapping of Fig 6: SEM of printed samples: API (top left) and premixed APl and polymer 1:1 (top middle), 1:2
up In ayers.. |.s p_rln er. as ne.ver een used In pharmaceutical manuracture previously and as such anyining printed samples (B, D, F, H and J) in the following (bottom) and 3050-3100 cm-1 (middle) regions of the drug as its API:polymer 1:1 as a physical mixture (top right), 1:3 (bottom left), 1:4 (bottom right) , 1.5K magnification
we can achieve is highly innovative [1-2]. ratios: A) and B) API alone, C) and D)1:1; E) and F) crystalline powder form (black) and as part of a solid dispersion (top) and printed (bottom)
1:2, G) and H)1:3 1) and J) 1:4 APl:polymer. (red)

Printer capabilities tests on the HPLC (Fig. 7) show a linear, reproducible relationship between mass and deposition Dissolution testing (Fig. 8) so far shows increased drug release and intrinsic dissolution rates from the printed
size, mass and layer number and mass and nozzle size. Speed was also analysed but was found to be much less samples relative to comparable physical mixtures, which is believed to be due to greater control over drug content
linear overall. At the lower speeds, the ink seemed more prone to blocking the printer, while the higher speeds and distribution, and reduced crystallinity.

seemed to result in too little time for sufficient deposition to occur.
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Fig. 1: Inkjet printing using an Optomec AJ200 Inkjet Printer. Images obtained from Optomec Ltd. [2]. c 00 /= 0.8956x - 56.541 B g0 V= 4.1737x-22.336 0.07 -
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Solid state analysis was carried out by powder x-ray diffraction, scanning electron microscopy, Raman “= 100 ! “= 400 g 0.04 3 2
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spectroscopy and differential scanning calorimetry. This allowed comparisons to be made between the powdered 2 <o 1 2 00 = 882 =3
materials and the printed ones, and also between the API alone and with varying concentrations of a polymer = = = oo £ 5
present. Raman spectroscopy also allowed analysis of drug distribution to establish whether printing gives the 0 0 S 0 e
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Content analysis and printer capabilities were analysed by HPLC using a validated method of 80:20 acetonitrile: = ko : B [ o 220
acidified water at 1 ml per minute on a C-18(2) 100A silica reversed phase column. Samples were tested for the % 800 T @ 400 ‘ = §20
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effects of speed, deposition size, layering and nozzle size, when compared to a control of a 5 mm diameter circle o o0 5 300 b gt E S 15
deposition, created at 3 mm/s using a 250 um nozzle. 5 400 G 200 T 5 ~ 10
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Due to the size of the formulations dissolution was analysed using the innovative method of surface dissolution 0 2 4 6 -100 0 2 4 6 3 10 R ? P i P "o 5 10 15 20
. . . y 9 . . Number of Layers Speed (mm/s) e Time (min) Time (min)
|mag|ng a,S standard USP metho_ds prove.d ma(,jequat_e' Samples were subjected tO_ UV light passgd through a Fig 7: Effects of nozzle size (top left), area of deposition (top right), number of layers (bottom left) Fig 8: Intrinsic dissolution rate (left) and drug release (right) from powdered compacts (top) and
filter of suitable wavelength as simulated intestinal fluid passed over the surface (Fig. 2). The UV images were and speed (bottom right) on mass, n=6 +SE printed samples (bottom), n=3 +SE

detected on a computer and from this drug release and intrinsic dissolution could be ascertained.
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Fig 2: Surface Dissolution Imaging is achieved by shining UV light through a sample chamber within a quartz cell to image the The author would like to thank Gavin Halbert, John Robertson, Elke Prasad, Deborah Bowering, Lauren Connor, Kelly A ‘ - 7
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