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Abstract : Rapid expansion of supercritical solution (RESS) process was used to make molsidomine (MOL) loaded peracetyl-§
-cyclodextrin (PAc-B-CD) nanoparticles, which were collected into the air. The effect of the concentration of the drug PAc-B-CD
(0.5 and 1 wt%), extraction temperature (45 ~ 60 C), nozzle length (5 ~ 20 mm) and internal diameter (ID) (50 ~ 150 pum) of a
capillary, and spray distance on the particle size and morphology of the resulting particles were investigated. The interaction of a
drug and PAc-B-CD was confirmed by 'H-NMR spectroscopy while the particle size was measured by means of a scanning
electron microscope. It was found that increasing the temperature from 45 C to 60 ‘C and decreasing the nozzle diameter from
150 um to 50 um had an increasing effect on the average particle size, while increasing the spray distance led to a decrease in the
average particle size at a constant pressure of 34.5 MPa and temperature of 45 C. With 0.5 wt% of PAc-B-CD, the capillary
nozzle of short length (5 mm) and small ID (50 um) gave the smallest size (165 nm). The obtained nanoparticles showed
increased dispersity and solubility in oil. The oil suspension of the inclusion complex showed increased sustainability, which can
increase the in-vitro controlled release time of the drug.
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Figure 1. Molecular structures of and PAc-B-CD (a) and MOL (b).
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1. supercritical carbon dioxide, 2. ISCO pump, 3. check valves, 4. magnetic stirrer, 5. stainless steel reactor,
6. thermostat, 7. pressure gauge, 8. temperature controller, 9. traps, 10. vent, 11. agitator and 12. nozzle.

Figure 2. Schematic diagram of supercritical carbon dioxide instrumentation.
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Figure 3. 'H-NMR spectra of (a) MOL, (b) PAc-B-CD, and (c)
RESS samples.
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Table 1. Particle sizes of the drug loaded PAc-B-CD nano particles with various experimental parameters

No. PAc-B-CD Tempcerature Pressure Capillary ID | Capillary length | Spray Distance | Particles Size
wt% (©) (bar) (nm) (mm) (cm) (nm)
- Unprocessed - - - - - 5,000
1 0.5 45 345 100 20 6 190
2 0.5 45 345 50 5 6 150
3 0.5 45 345 50 5 2 175
4 1 45 345 50 5 2 210
6 1 45 345 150 20 6 205
7 0.5 52 345 50 5 6 165
8 0.5 60 345 50 5 6 185
9 0.5 45 345 100 5 2 190
10 0.5 45 345 150 5 2 200
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Figure 4. SEM images of drug loaded PAc-B-CD nanoparticles at constant pressure of 34.5 MPa. (a) 0.5 wt% PAc-B-CD with 6 cm spray
distance at 60 C, (b) with 6 cm spray distance at 45 C, (c) with 2 ¢cm spray distance at 45 C, and (d) 1 wt% PAc-B-CD with 6 cm

spray length at 45 C.
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Figure 5. in-vitro release profile of MOL from oil suspensions of
MOL, the bulk inclusion complex, RESS and RESOLV
particles.
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Table 2. Dissolution results of the drug loaded PAc-p-CD nano
particles and inclusion complex.

] Drug released (%) at time
No | Drug formulation process
2h 8h 13h
1 Unprocessed 98 98 99
2 Bulk inclusion complex 50 98 99
3 RESS 20 30 98
4 RESOLV 30 30 98
F5 AR A7l= Fokdlal, 294 v B =3 WkE
Boto) TR 2218 Alo) B 4 ULk EHARe oE
W& Ao AL, MOLO| 44421 PAcH-CDO| EA o] &
d dEt o 2R E 2] MOL ®&o] dAAIRE 59k AA3]
FE e, 13 h ¢ A HE Fe U = A
References

1. Lee, M. Y, Ganpathy, H. S., and Lim, K. T., “Controlled Drug
Release Applications of the Inclusion Complex of

and Water-Soluble Drugs
Formed in Supercritical Carbon Dioxide,” J. Phys. Chem.
Solids, 71, 630-633 (2010).

2. Ganapathy, H. S., Lee, M. Y., Park, C., and Lim, K. T,
“Sustained  Release

Peracetylated-B-Cyclodextrin

Applications of a  Fluoroalkyl
Ester-Functionalized Amphiphilic Cyclodextrin by Inclusion
Complex Formation with Water-Soluble Drugs in Supercritical
Carbon Dioxide,” J. Fluorine Chem., 129, 1162-1166 (2008).

3. Ganapathy, H. S., Woo, M. H.,, Gal, Y. S., and Lim, K. T,
“Inclusion Complex Formation of Water Soluble Drug,
Captopril, and Peracetylated-B-Cyclodextrin in Supercritical
CO, for Controlled Release Applications,” Key Eng. Mater.,
342, 489-492 (2007).

4. Sultana, T, Jung, J. M., Hong, S. S., Lee, W. K,, Gal, Y. S,,
Kim, H. G., and Lim, K. T., “Characteristic Profiles of the
Inclusion Complex of Omeprazole/Peracylated-B-Cyclodextrin
Formed in Supercritical Carbon Dioxide,” J. Incl. Phenom.
Macrocycl. Chem., 72, 207-212 (2012).

5. Lim, K. T., Ganapathy, H. S., Lee, M. Y., Yuvaraj, H., Lee,
W. K., and Heo, H., “A Facile One-Pot Synthesis of
Novel Amphiphilic Perfluoroalkyl Ester Functionalized 7
-Cyclodextrin and Complex Formation with Anionic
Surfactants,” J. Fluorine Chem., 127, 730-735, (2006).

6. Lim, K. T., Ganapathy, H. S., Hwang, H. S., Kim, J. T., Ju,
C. S., and Johnston, K., “Novel Semiconducting Polymer
Particles by Supercritical Fluid Process,” Macromol. Rapid.
Commun., 26, 1779-1783 (2005).

7. Kim, J. H., Ganapathy, H. S., Hong, S. S., Gal, Y. S., and
Lim, K. T., “Preparation of Polyacrylonitrile Nanofibers as
a Precursor of Carbon Nanofibers by Supercritical fluid
process,” J. Supercrit Fluids, 47, 103-107 (2008).

8. Kim, Y. H., Choi, H. W,, Kang, K. M., Karakin, A., and Lim,



10.

11.

12.

13.

14.

15.

16.

A7) T AES - oA - YU
K. T., “The Removal of Si3N4 Particles from the Wafer
Surface Using Supercritical Carbon Dioxide Cleaning,” Clean
Technol., 24(3), 157-165 (2018).

Kim, D. W., Heo, H., and Lim, K. T., “Study of Supercritical
Carbon Dioxide/n-Butyl Acetate Co-solvent System with High
Selectivity in Photoresist Removal Process,” Clean Technol.,
23(4), 357-363 (2017).

Ganapathy, H. S., Kim, J. H., Hong, S. S., and Lim, K. T,
“Preparation of Semi-Conducting Polymeric Nanoparticles by
Supercritical Carbon Dioxide RESOLV Process,” Int. J.
Biomed. Nanosci. Nanotechnol., 8, 4707-4710 (2008).
Yim, J. H.,, Kim, W. S.; and Lim, J. S., “Recrystallization
of Adefovir Dipivoxil Particles using the Rapid Expansion
of Supercritical Solutions (RESS) Process,” J. Supercrit.
Fluids, 82, 168-176 (2013).

Heang, Z., Sun, G., Chiew, Y. C., and Kawi, S., “Formation
of Ultrafine Aspirin Particles through Rapid Expansion of
Supercritical Solutions (RESS),” Powder Technol., 160,
127-134 (2005).

Charpentier, P. A., Jia, M., and Lucky, A. R. A., “Study of the
RESS Process for Producing Beclomethasone-17,21-Dipropionate
Particles Suitable for Pulmonary Delivery,” AAPS. PharmSciTech.,
9, 39-46 (2008).

Bolten, D., and Turk, M., “Micronisation of Carbamazepine
through Rapid Expansion of Supercritical Solution (RESS),”
J. Supercrit. Fluids, 62, 32-40 (2012).

Hezave, A. Z., Aftab, S., and Esmaeilzadeh, F., “Micronization
of Creatine Monohydrate via Rapid Expansion of Supercritical
Solution (RESS),” J. Supercrit. Fluids, 55, 316-324 (2010).
Turk, M., and Bolten, D., “Formation of Submicron Poorly
Water-Soluble Drugs by Rapid Expansion of Supercritical
Solution (RESS): Results for Naproxen,” J. Supercrit. Fluids,
55, 778-785 (2010).

17.

18.

19.

20.

21.

22.

23.

24.

25.

Asghari, 1., and Esmaeilzadeh, F., “Formation of Ultrafine
Deferasirox Particles via Rapid Expansion of Supercritical
Solution (RESS process) using Taguchi approach,” Int. J.
Pharm., 433, 149-156 (2012).

Baseri, H., and Lotfollahi, M. N., “Effects of Expansion
of Gemlfibrozil
Produced by Rapid Expansion of Supercritical Solution
Process,” Powder Technol., 253, 744-750 (2014).

Lin, P. C,, Su, C. S., Tang, M., and Chen, Y. P.,, “Micronization
of Ethosuximide using the Rapid Expansion of Supercritical
Solution (RESS) Process,” J. Supercrit. Fluids, 72, 84-89
(2012).

Hiendrawan, S., Veriansyah, B., and Tjandrawinata, R. R,

Parameters on Characteristics Powder

“Preparation of Fenofibrate Microparticles using Top-Down
and Bottom-Up Processes,” Procedia Chem., 9, 257-264 (2014).
Chingunpitak, J., and Puttipipatkhachorn, S., “Micronization
of Dihydroartemisinin by Rapid Expansion of Supercritical
Solutions,” Drug Dev. Ind. Pharm., 34, 609-617 (2008).
He, S., Zhang, Z., Xu, F., Zhang, S., and Lei, Z,
“Micronization of Magnolia Bark Extract with Enhanced
Dissolution Behavior by Rapid Expansion of Supercritical
Solution,” Chem. Pharm. Bull., 58(2), 154-159 (2010).
Su, C. S., Tang, M., and Chen, Y. P, “Micronization of
Nabumetone using the Rapid Expansion of Supercritical
Solution (RESS) Process,” J. Supercrit. Fluids, 50, 69-76
(2009).

Paliwal, R., Babu, R. J., and Palakurthi, S., “Nanomedicine
Scale-up Technologies: Feasibilities and Challenges,” 4APS.
PharmSciTech., 15(6), 1527-1534 (2014).

Hiendrawan, S., Veriansyah, B., and Tjandrawinata, R. R.,
“Micronization of Fenofibrate by Rapid Expansion of
Supercritical Solution,” J. Ind. Eng. Chem., 20, 54-60 (2014).





