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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 dimethyl ether (DME) 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 DME as a solvent and
carbon dioxide as an anti-solvent. The solubilities of simvastatin in the mixtures of DME 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 DME composition in solution and the
system pressure increases at a fixed temperature. A lower solubility of the drug was obtained at a higher
temperature.

Key words : Supercritical, Phase behavior, Cloud point, Simvastatin, Drug, Dimethyl ether, Carbon dioxide,
Microparticle, Recrystallization
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Table 1. Physicochemical characteristics of simvastatin

CAS registry number 79902-63-9

Synonym [1S<(1a, 3a,7B,8B(2S*, 45%),8aP)1-2,
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 Ca5H30s
Molecular weight 418.57
Melting point 135 ~ 138 °C

Water solubility 0.765 mg/L @ 25 °C (estimated value)
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Figure 1. Chemical structure of the simvastatin drug
studied in this work.
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Table 2. Experimental data of cloud points of simvastatin(1) in DME(2) + COy(3)

Amount of
b

Cloud point pressure, P (MPa)

drug loaded,

x° % 10° X,
m (g) 30325K  313.25K 32325 K 33325 K
0.5014 0.2787 5.9 8.0 10.5 13.3
0.4605 0.3429 5.1 7.1 9.1 11.6
0.050 0.4307 0.3826 bubble* 6.1 7.7 9.9
0.4048 0.4210 bubble 5.0 6.3 8.2
0.3777 0.4578 bubble bubble 4.9 6.4
0.7333 0.2754 8.2 10.0 12.5 15.3
0.6870 0.3422 74 9.0 11.2 13.7
0.075 0.6327 0.3905 6.6 8.0 9.8 12.1
0.5847 0.4352 5.7 7.0 8.4 10.3
0.5518 0.4670 4.8 5.9 7.0 8.4
0.9857 0.2690 10.2 12.6 15.4 18.5
0.9091 0.3350 9.4 11.6 14.1 16.8
0.100 0.8316 0.3931 8.6 10.6 12.8 15.1
0.7912 0.4312 7.7 9.6 114 13.4
0.7383 0.4663 6.8 8.6 10.0 11.7
1.1670 0.2910 12.3 15.5 18.8 22.0
1.1103 0.3329 115 14.5 17.5 20.6
0.125 1.0406 0.3968 10.7 13.5 16.2 18.6
0.9653 0.4326 9.8 12.4 14.9 17.1
09112 0.4704 8.9 11.3 13.5 15.3

Solubxhty of drug in DME + CO,, x; =
"Mole fraction of DME in solution, x; =
‘Bubble point behavior observed.

(mole of drug)/(mole of drug + mole of DME + mole of COy)
(mole of DME)/(mole of drug + mole of DME + mole of CO,)



240 JFE/= H13F A4z, 20075 128

Al
9

2
e
[e]
=

[e]
=&

olEAeRA A el #3%
wol7i} wat A%e @ 49 URE
=S A B Altolo] FA G AR, &
0.1 MPad] U EE 74 AY 4= 7| (Dresser Heise
model CC-12-G-A-02B)E ZA3}gom, A8 Lx= A
H2 A4S RTD (P-100Q)2 TX&H3ATh Ao &5 2%
2 A 7 BAY AR BE AMSe] A &
Z| A%t} Borescope (Olympus model R080-044- 000-50)
st CCD 7hv|g} (WAT-202B)S T UE|o| AZslo] $A] &
= F3 A RN dojuie AAEE Sgo R gasigio
of, Ao godls TN Hste] Ao ol Fef Wi
g wR)E AAE5nk

& Ad7elx Bl E S5 28l ARSgH AEWHL doud
point technique©]t}. Simvastatin 9+5-& A gkslel tiod
B2 W olibstelao} ) Ao FlEka, A URE 7iqtet
o] §4E dUYY #d FHoR M3 LA F, A

A 12
teg

o] RS

=
|
1

ot

30
(@) m =0.050¢g
25 1 | ® x1=05014x107, x, = 0.2787
[ ©  x1=0.4605x107, x2 = 0.3429
20 B x;=0.4307x107, x2 = 0.3826
O x;=0.4048x107, x2 = 0.4210
E ® x;=03777x107 x5 = 0.4578
s 15+
@ .
o o
10 1
o | |
$ xS
8 | | O *
5 4 5] .
0 + t +
300 310 320 330 340
T [K]
30
(¢) m,=0.100g
o5 L | @ x1=09857x107, x2=0.2690
o x1=0.9091x10”, x2 = 0.3350
W x;=0.8316x107, x5 = 0.3931
20 710 x=07912x10%, x2 = 0.4312 .
= ® x1=0.7383x107, x2 = 0.4663 o
a
= 15 ¢ e .
Q 8 n .
o
10 4 § 8 .
g ¢
5 -+
0 +— . '
300 310 320 330 340
T [K]

P [MPa]

P [MPa]

O

e M3 UgFas GddoziE oo re A
27} dojik= A7, & doud pointghil st ¢ 23E
o2 o]glA 22 coud point7} 77 We] el
93} 2xoA 9] k2o et & 4 Qick A e &
°] cloud pointell £€3td &AL cloudyst| = g0z
FE] okgo] FAsh] AlFste o]Fde] AT A= doud
point $+¥E TiHdog 29} ojAtstekA TGN GE
o] &3] galE= ke okEo] A AlFshs 4 At
ole] ZAelth upro] LEhE cloud point Y| EolH = 9}
ojAbglRts BN kB gl HEshe X310
oh A2 o r &, oFE0| ¥ dudHE 242
H3}A)7)HA] cloud point 578 AEES A &% F4,
cloud point FA4E ¢AJsHA =k

Cloud pointE F4sh= AFWYS ksl dstd ot
=3 g} dA Y3k oFgHE simvastatin 2FE I TH g
HZE Fgato] A 1oz U3 F, HAES FHdo] A2

oMo

3t

A
=2

L

=

=

30
(b) m,=0.075¢g
25 L | ® x;=07333x10" x2=02754
o x1=0.6870x107, x2 = 0.3422
o L | T =0.6327x10”, x5 = 0.3905
O x;=0.5847x107, x2=0.4352
* x;=0.5518x10°, x,=0.4670
15 + g
o
® [ ]
° o
10 4 [ ] =
< o .
a
5 +
0 —+ + +
300 310 320 330 340
T [K]
30
(d) m1=0.1425¢g
25 1
°
20 <
[ J [ ]
o o
| ]
15 + bt ) .
a .
0
: . .
019 ® x;=1.1670x107, x2 = 0.2910
o x1=1.1103x107, x2 = 0.3329
s | W x = 1.0406x10°, x2 = 0.3968
O x1=0.9653x107 x,=0.4326
* x1=0.9112x10>, x5 = 0.4704
0 : n :
300 310 320 330 340
T [K]

Figure 2. P—T Isopleths of cloud points of simvastatin in mixtures of DME + CO; at different
amounts of drug loaded (component 1: simvastatin, component 2: DME, component 3: CO;).
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Figure 3. Solubility of simvastatin in mixtures of DME + CO, as a function of pressure and DME composition
at different temperatures (component 1: simvastatin, component 2: DME, component 3: CO;).
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