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Background

» Pharmaceuticals play a fundamental role in the medical sector, in : . . . .
boosting th IF')t Y £ lif qin B . _”; » One novel approach to increase the efficacy of poorly soluble drug molecules is to combine them with another
oosting the quality of life and in increasing life expectancy. The . . . . . .
, 5 G y , , 5 P - y harmless compound (the excipient), in a solvent-free, environmentally friendly manner. This forms a sticky
active pharmaceutical ingredients (APls) of many medicines are liquid known as an ionic liquid (IL) :
commercialized in different dosage forms, however the
crystalline form is generally the preferred option 1. . . - . .
y 5 y P P POOR ABSORPTION » This process was carried out on the acidic anti-inflammatory molecules ibuprofen, ketoprofen and naproxen
! and a choline compound functioned as the second component.
Current Therapeutic Agents ] INEFFECTIVE THERAPEUTIC
Compromised EFFICACY
Low water Poorly | absorption into e g
solubility dissolved > gastrointestinal ‘ lonic Liquids
tract (GIT) 2.
Need for smart medicine approaches to 4 More soluble ——>  Greater Sustainable approach to increasing the performance Wflile St
bioavailability absorption simultaneously reducing their environmental impact “. .
. Always associated
. A Methods used must be sustainable and — with a counter ion e.g.
Current Strategies to Increase Solubility @ environmentally friendly @ Hydroxide
Need large quantities of | > Health and Environmental
organic solvents concerns
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Typical features of a DSC trace Shrion
A sustainable solvent-free mechanochemical technique based upon the mechanical grinding of API + a sticky g lysis which generates mformation )

counterion to form a substance. analysis which generates information used AN e
to understand the crystalline/ amorphous &2 :> _‘ r :>
c t -| . . . — :W _AAAMM: DECOMPOSITION
ounter-ion AP Result behaviour and polymorphic/ eutectic ' '
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Choline Hydroxide + API
""""""""""""""""""" o Choline Bicarbonate + AP D. Thermal Analysis: Thermogravimetric Analysis (TGA) /_\TA
Heat
|:..--"' + / . o . . \ alance
O Ketoprofen : H,0 : —— TGA is a technique used to determine the moisture content -
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____________________________________ Non-lonic Liquids . )
Choline and assess the thermal stability of a material. It centres on
o Choline Dihydrogen Citrate . . . .
OO I +API monitoring the weight change of the substance over time
@] o Choline Chloride + API .
| Naproxen 9 whilst the temperature changes.
The synthesized lonic liquids were clear, viscous liquids at room temperature /
2. Solid State Characterisation 3. Tablet Formulation ‘}‘
A. Infrared Spectroscopy (IR) — KBr disc A. Spray Drying (Co-processing technique)
IR spectroscopy provides an in-depth analysis of the chemical profile of the samples and allows for identification of Spray.drying .is d fnthOd of produc.ing adry pOWfier from a liquid through T ——
rapidly drying liquid droplets while suspended in a drying gas chamber Spherical Particle Uniform Particle

ionisation. shape | S\ H L e
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» Drying gas (cold
ng gas (warrm
I
f fining Feedrate)
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> The IR spectrum data of the synthesized compounds were compared to the starting APIs to determine the conversion to ionic liquids. » Varying amounts of naproxen and ketoprofen choline acetate IL's

mixed with TRICAFOS (TRI-CALCIUM phosphate) made up the
» The presence of carboxylate anions provided evidence of de-protonation, proving conversion to an IL. feeding liquid. 2 Flowability 4 Compactability
\
» The disappearance of the absorption band characteristic of C=0 stretching of the carboxyl in ibuprofen can be seen in Table 1. and Fig. 1. TRICAFOS erical
The spectrum for Ibuprofen + Choline OH contains two new peaks distinctive of COO- asymmetric stretching and COO- symmetric . ;zozrmlcfjwabinty
stretching. - suitable for direct compression
J
1720 Fig. 3. Spray drying process
@
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Compound Assignment 2Na\-/1e) number % B- HydraUIIC Tablet PreSS
cm o)
§ . . . Upper punch l I .
Ibuprofen -COOH 1720 < » Powders containing a loading of 5% TRICAFOS and 3% ketoprofen or
(a) Ibuprofen + choline Cl naproxen were compressed into tablets. | SRS
Ibuprofen + Choline C| -COOH 1721 1574 1388 Comprassion die l . —> : \%
CO, asymm str. #" O symm st > Pressures used: 25 MPa, 50 Mpa, 100 Mpa. Lower punch | | ] M <
Ibuprofen + Choline OH ;froe(t)c_h‘i’:;’"’"e""“” 1574 (b) | lling precompression Sec
Ibuprofen + choline OH mpress
uprfen  Chline o1 <00 et 4. Tablet Characterisation %
Ibuprofen
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Table 1. IR absorption bands and characteristic vibrations . - . - . - . - . - . - . A. Hardness Test
4000 3500 3000 2500 2000 1500 1000 . Effect of Varying Compression Pressures on Tablet Hardness
Wavenumber (cm™) » Tablets formed from compression at 25 MPa, 50 MPa and 100 MPa 35 )
CH, Fig. 1. IR spectra for (a) Ibuprofen + Choline chloride, (b) Ibuprofen + Choline were subjected to the hardness test to determine the breaking »
o CH, hydroxide and (c) Ibuprofen. point and structural integrity _
':Hg O g 20 /
OH tHa _ » As the compression force increases, the : 15 P
HsC HyC o powder is more densely packed. The el 10 .
magnitude of compression force ) 7) Z ; -
impacts the tablet hardness, depicting a 4 Al 0 - - - - — -
. el 4
B. Powder X-Ray Diffraction (PXRD) ge?neral trend of mcrease.d hardness Compression Pressure (MPa)
W|th |ncreased com preSS|On pressu re. | ® Tricafos 5% | Ketoprofen 3% ® Tricafos 5% | Naproxen 3% |
N\ . . . . . .
PXRD is used to assess the solid state crystallinity of materials i.e. whether they are /l; ’i;’;lf:]’f;i"zgzgfsii;”:;;?nt;i’;tfgfci\”;;ZZZ’;’S i:;’)’;iocf‘;fg e;;’;’r:’) -
crystalline or non-crystalline. It utilizes X-ray scattering to elucidate the crystal ) ) .
) B. Dissolution Studies
structure (Fig. X)
\ / e ™\
. . . . . Dissolution studies evaluate the ability of the drug to dissolve in
» The Ketoprofen + Choline Hydroxide and Naproxen + Choline Hydroxide physical - . . . . : : . _ __ _
. . . (a) SpeCIfIC conditions and prEdICtS iNn vVivo performance. The dissolution Dissolution Profiles of Test Combinations Vs Commercial Controls
mixtures revealed the presence of crystalline substances with peaks not Naproxen + chole OH di 4 mimicked th di _ £+h H o
corresponding to both Ketoprofen and Naproxen starting materials (Fig. 2). (b) MWMMMWW K medium used mimicked the acidic environment ot the stomach, Y, P Y
100 —_—

Naproxen

» |buprofen depicted characteristic crystalline sharp diffraction peaks. In comparison "

(c) N “ » Formulations of ketoprofen and naproxen using choline hydroxide showed :
the synthesized Ibuprofen + Choline Hydroxide IL depicted an irregular broad WWH different release profiles to the commercial products (Keral 25mg, Naprosyn EC °0
hump, lacking sharp diffraction. (d) 250mg). o

Ibuprofen

% Release

20

Solid Crystal Structures 0

(e) Ketoproren + cheme OH The commercial products disintegrated and released very quickly. In comparison, i J
(f) JL«—WJULJJJ\/\J\/\JJ\/\./\J”V\/NWW the ketoprofen choline hydroxide based tablet follows an almost zero-order 20 Time (min)
Ketoprofen

I T T T T r T r T r T r T r 1 release proﬂle for appr‘OX|mate|y 30 m|nutes. The ta blet d|d not d|S|ntegr‘ate’ but —@— Ketoprofen Commercial (Keral) 25mg IR Tablet ®— Ketoprofen Choline Acetate Tablet

5 10 15 20 25 30 35 40 Naproxen Commercial (Naprosyn) 250mg EC Tablet Naproxen Choline Acetate Tablet

dissolved and had a slower release as a result. Naproxen is similar to ketoprofen

_ _ . however it lags initially in its release and subsequently is nearly linear from 10-30 Fig. 5. Dissolution profiles for Choline Acetate Ketoprofen and
Fig. 2. PXRD patterns of (a) Naproxen + Choline hydroxide, (b) minutes Naproxen tablets compared to commercial Keral (25mg) and

Ibuprofen + Choline hydroxide, (c) Ketoprofen + Choline hydroxide, Naprosyn EC (250mg) in 900mL 0.1M HCl at 37°C and 50 rpm for
(d) Naproxen, (e) Ibuprofen and (f) Ketoprofen 60 minutes.
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Future studies could address how release profiles of the formulated tablets could be altered by

the addition of excipients, resulting in profiles which achieve immediate release or controlled _
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