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Abstract

Abstract

It is estimated that more than half of the new chemical compounds developed as drugs
are poorly soluble in water. Typical problems faced by these drugs are the low
bioavailability, instability, temperamental absorption and adverse effects owing to their low
solubility and dissolution rate. Nanosizing has appeared as an available method because the
solubilities of those pharmaceutical compoumds with nano-size in water can be
significantly increased. On the other hand, the drug-porous composite can disperse the drug
effectively and then enhance the dissolution rate to improve its oral bioavailability. It is
well-known that supercritical fluid (SCF) technique has been widely accepted as a green
chemistry technology for manufacturing nanoparticles. In this work, ibuprofen, a common
non-steroidal anti-inflammatory drug, was studied for nanosizing and preparing its
composites with porous materials by using a modified PGSS process and a SCF-loading
technique, respectively.

For obtaining the operation conditions of the PGSS process, the first and last melting
points method (FLMP) and the high-pressure differential scanning calorimetry (HP-DSC)
were employed to obtain solid-liquid-gas equilibrium (SLGE) data for the PEGG6000-
ibuprofen-CO, ternary system. The melting point-composition (T-W) data at different
pressures (0.1, 2.3 and 10.0 MPa) show that the system’s phase diagram is simple eutectic
and the melting points decrease with the increase of the pressure under the investigated
conditions. Furthermore, the eutectic composition of the system is almost constant. The
T-W data indicate the suitableness of the PEG6000-ibuprofen system for the PGSS process.
Moreover, the T-W data measured by HP-DSC show good agreement with those from
FLMP.

A modified PGSS™ process was employed to prepare PEG6000-ibuprofen composite
particles with reference to the SLGE data of the PEG6000-ibuprofen-CO, system. The
composite powder was then dispersed into water to remove PEG6000 and obtain ibuprofen
nanoparticles with size of 20-500 nm. Among the investigated conditions, the particles size

of ibuprofen decreases with the increase of the pressure or molecular weight of PEG (from



Abstract

PEG2000 to PEG6000), and significantly increases with the flow rate of the gas-saturated
solution or the ibuprofen content in the ibuprofen/PEG6000 mixture, while the temperature
shows little effect on the size in the investigated range. The eutectic composition of
PEG6000-ibuprofen does not show special effect on the particle size or morphology of the
produced ibuprofen nanoparticles. The ibuprofen nanoparticles obtained from the modified
PGSS™-based process show much faster dissolution rate than the ibuprofen raw material
and the ibuprofen particles from a direct mixing process in the simulated gastric juice
(hydrochloric acid and potassium chloride buffer solution with pH = 1.4 £ 0.02), simulated
intestinal fluid (phosphate buffer solution with pH = 7.2 + 0.02) and simulated continuous
dissolution.

The loading ratio of ibuprofen in two loading materials, viz. SiO, and B-cyclodextrin
(B-CD) was investigated under various conditions (loading time, loading pressure and
loading temperature) by using a solute-saturated supercritical fluid loading (SSFL)
technique. Results showed that the saturated loading time at high pressure (15.0 MPa) and
low pressure (8.0 MPa) are less than 15 h and 20 h respectively; among the investigated
conditions, the loading ratio of ibuprofen in SiO, and B-CD increases following the
increase of the loading temperature or pressure at low pressure (less than 17.0 MPa), and
decreases a little as the increase of the loading pressure after 17.0 MPa; and the maximum
loading ratios can be as high as 3.01 g ibuprofen/g SiO;and 0.157 g ibuprofen/g B-CD,
respectively. SEM results show that there is no obvious pore structure change of the two
loading materials after the SSFL. The dissolution test in hydrochloric acid and potassium
chloride buffer solution with pH = 1.4 £ 0.02 demonstrates that ibuprofen in -CD releases
faster than that in SiO,, and ibuprofen either in B-CD or in SiO; shows fast release in
comparison with the ibuprofen raw material. However, the dissolution rate slows down for

the ibuprofen powders obtained at higher loading pressure or temperature.

Keywords: supercritical fluid; ibuprofen; nanoparticles; loading; composite particles
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% 11 B R S IR I

Table 1-1. The comparison among supercritical fluid, gas and liquid

PyERE I %, glem® K, glcm«s) | ¥ ELREL cmils
XN 0.6x10°%-2x10° 107 0.1

il A4 0.2-0.9 0.03-0.1 10™
MIEUN 0.6-1.6 0.2-3.0 10°

LRI SRR AR K AR L. okdE. K2 EALN
COz, HAFFFIN MBIz KRAE N E R A2 M R AR 15 % R
FOQIR R Te=31.3 °C, IG5FE S Po=7.37 MPa), W& B SRAN S, BIESFIEA 5
SEHLs AR AT IR AR, B, REE. AL SRS A Ak R
ZH A BKREE L. S35, Hdi@m A & (s SR T = -147.0°C,
Il 7tk /1 Pe = 3.39 MPa)t B AT Fak For i) — SSAR 4 ()Rr i, FE B I S AR AL B R o
AR, (BH5HEYIEAAEBEEAR, R 7 HMA .
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