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Abstract —Phase behavior of the ternary systems of water-insoluble simvastatin drug, which is well known
to be effective drugs for hypercholesterolemia therapy, in solvent mixtures of dichloromethane and
supercritical carbon dioxide was investigated to present a guideline of establishing operating conditions in
the particle formation of the drugs by a supercritical anti-solvent recrystallization process utilizing
dichloromethane as a solvent and carbon dioxide as an anti-solvent. The solubilities of simvastatin in the
mixtures of dichloromethane and carbon dioxide were determined as functions of temperature, pressure and
solvent composition by measuring the cloud points of the ternary mixtures at various conditions using a
high-pressure phase equilibrium apparatus equipped with a variable-volume view cell. The solubility of the
drug increased as the dichloromethane composition in solution and the system pressure increases at a fixed
temperature. A lower solubility of the drug was obtained at a higher temperature. The second half of this
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work is focused on the particle formation of the simvastatin drug by a supercritical anti-solvent
recrystallization process in a cylindrical high-pressure vessel equipped with an impeller. Microparticles of
the simvastatin drug were prepared as functions of pressure (8§ MPa to 12 MPa), temperature (303.15 K,
313.15 K), feed flow rate of carbon dioxide, and stirring speed (up to 3000 rpm), in order to observe the
effect of those process parameters on the size and shape of the drug microparticles recrystallized.

Key words : Supercritical carbon dioxide, Phase behavior, Cloud point, Microparticle, Recrystallization,
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Table 1. Physicochemical characteristics of simvastatin

CAS registry

aumber 79902-63-9
[1S-(1a, 3a,7B,8B(2S*, 4S*),8aP)]
Synonym -2,2-dimethylbutanoic acid

1,2,3,7,8,8a-hexahydro-3,7-dimethyl-8-[ 2-
(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-
yl) ethyl]-1-naphthalenyl ester

Chemical formula | CysHisOs

Molecular weight | 418.57

135 ~ 138 °C

0.765 mg/L @ 25 °C (estimated value)

Melting point

Water solubility

HO, O

Figure 1. Chemical structure of the simvastatin drug
studied in this work.
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Figure 2. A schematic diagram of the experimental apparatus of measuring the
phase behavior: 1 variable-volume view cell; 2 piston; 3 spin bar; 4
sapphire window; 5 magnetic stirrer; 6 temperature indicator; 7
borescope; 8 CCD camera; 9 light source; 10 monitor; 11 air bath;
12 pressure transmitter and indicator; 13 CO, sample cylinder; 14
balance; 15 water; 16 pressure generator; 17 heater and fan; 18

temperature controller; 19 motor.

(c)

Figure 3. Photographs showing the change of phase behavior around the cloud point pressure: (a) single
phase solution; (b) solution right before the cloud point; (c) solution at the cloud point.
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Figure 4. A schematic diagram of the experimental apparatus of SAS

recrystallization: 1 CO; cylinder;

2 ISCO pump; 3 simvastatin +

dichloromethane solution; 4 metering pump; 5 recrystallizer; 6 nozzle; 7
window; 8 impeller; 9 heater; 10 filter; 11 back pressure regulator; 12
rotameter; 13 flow meter; 14 magnetic drive; 15 pressure gauge; 16 RTD;

17 temperature and rpm controller.
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Table 2. Experimental data of cloud points of simvastatin in dichloromethane + CO;

Amount of drug

Cloud point pressure, P [MPa]

xiT X 10° be
loaded {g} 303.25 K 313.25 K 323.25 K 333.25 K
0.603 0.179 10.3 13.5 16.8 20.2
0.575 0.227 10.7 13.5 16.3
0.050 0.541 0.267 8.3 10.5 13.0
0.518 0.307 bubble® 6.4 8.2 9.9
0.490 0.338 bubble bubble 6.6 8.1
0.910 0.180 13.3 17.9 223 27.8
0.865 0.226 10.7 14.5 18.1 23.2
0.075 0.818 0.269 11.5 14.6 18.6
0.776 0.307 8.8 11.1 13.9
0.737 0.339 bubble 6.6 8.5 10.3
1.219 0.181 225 28.5 34.5
1.146 0.227 14.8 19.3 24.7 30.0
0.100 1.088 0.269 12.3 16.2 21.2 25.6
1.034 0.307 10.2 13.5 17.5 21.8
0.979 0.338 10.5 14.0 17.9
1.523 0.181 27.3 32.8 39.4
1.434 0.227 24.0 29.4 35.2
0.125 1.366 0.270 16.4 20.5 25.2 30.5
1.290 0.306 13.6 17.0 21.3 26.2
1.222 0.338 13.8 17.4 21.9

mole of drug

“Solubility of drug in dichloromethane + CO2, % =

" moleof drug + mole of dichloromethane + mole of CO2

mole of dichloromethane

b . . . .
Mole fraction of dichloromethane in solution, X, =

mole of drug + mole of dichloromethane + mole of CO2

‘Bubble point behavior was observed.
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Figure 5. P-T isopleths of cloud points of simvastatin in mixtures of dichloromethane + CO; at different
amounts of drug loaded (component 1:
3: carbon dioxide).
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Figure 6. Solubility of simvastatin in mixtures of dichloromethane + CO; as a function of pressure and
dichloromethane composition at different temperatures (component 1: simvastatin, component
2: dichloromethane, component 3: carbon dioxide).
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Figure 7. SEM images of simvastatin samples: (a) untreated, 9.5 un; (b) SAS processed at 303.15 K, 8§ MPa, 10
ml/min CO,, 1,500 rpm agitation, 20.2 un; (c) SAS processed at 303.15 K, 8§ MPa, 10 ml/min CO,,
3,000 rpm agitation, 18.9 um; (d) SAS processed at 303.15 K, 8§ MPa, 20 ml/min CO,, no agitation,
10.0 um; (e) SAS processed at 303.15 K, 10 MPa, 5 ml/min CO,, 1,000 rpm agitation, 3.8 un; (f) SAS
processed at 303.15 K, 12 MPa, 5 ml/min CO,, 1,000 rpm agitation, 4.9 un; (g) SAS processed at
313.15 K, 8 MPa, 10 ml/min CO,, no agitation, 23.0 um; (h) SAS processed at 313.15 K, 8 MPa, 5
ml/min CO,, 1,000 rpm agitation, 8.7 un.
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Figure 8. PXRD patterns of simvastatin samples: (a)
untreated; (b) SAS processed at 303.15 K, 8
MPa, 10 ml/min CO;, 1,500 rpm agitation;
(c) SAS processed at 303.15 K, 8§ MPa, 10
ml/min CO,, 3,000 rpm agitation; (d) SAS
processed at 303.15 K, 8§ MPa, 20 ml/min
CO;, no agitation.
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Figure 9. FT-IR spectra of simvastatin samples: (a)
untreated; (b) SAS processed at 303.15 K, 8
MPa, 10 ml/min CO,, 1,500 rpm agitation;
(c) SAS processed at 303.15 K, 8§ MPa, 10
ml/min CO, 3,000 rpm agitation; (d) SAS
processed at 303.15 K, 8 MPa, 20 ml/min
CO,, no agitation.
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Figure 10. DSC thermograms of simvastatin samples: (a)
untreated; (b) SAS processed at 303.15 K, 8
MPa, 10 ml/min CO,, 1,500 rpm agitation;
(c) SAS processed at 303.15 K, 8 MPa, 10
ml/min CO,, 3,000 rpm agitation; (d) SAS
processed at 303.15 K, 8 MPa, 20 ml/min
CO,, no agitation.
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