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Preparation and Evaluation of Paclitaxel Solid Dispersion by
Supercritical Antisolvent Process

Jae-Hyun Park', Sang-Cheol Chi' and Jong Soo Woo?!

'College of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea
College of Pharmacy, Yeungnam University, 214-1 Dae-Dong, Kyungsan, Kyungbuk 712-749, Korea
(Received July 4, 2008 - Revised July 25, 2008 + Accepted August 5, 2008)

ABSTRACT - Paclitaxel is a taxane diterpene amide, which was first extracted from the stem bark of the western yew,
Taxus brevifolia. This natural product has proven to be useful in the treatment of a variety of human neoplastic disorders,
including ovarian cancer, breast and lung cancer. Paclitaxel is a highly hydrophobic drug that is poorly soluble in water. It
is mainly given by intravenous administration. Therefore, The pharmaceutical formulation of paclitaxel (Taxol®; Bristol-
Myers Squibb) contains 50% Cremophor® EL and 50% dehydrated ethanol. However the ethanol/Cremophor EL vehicle
required to solubilize paclitaxel in Taxol® has a pharmacological and pharmaceutical problems. To overcome these prob-
lems, new formulations for paclitaxel that do not require solubilization by Cremophor® EL are currently being developed.
Therefore this study utilized a supercritical fluid antisolvent (SAS) process for cremophor-free formulation. To select hydro-
philic polymers that require solubilization for paclitaxel, we evaluated polymers and the ratio of paclitaxel/polymers. HP-
B-CD was used as a hydrophilic polymer in the preparation of the paclitaxel solid dispersion. Although solubility of pacli-
taxel by polymers was increased, physical stability of solution after paclitaxel/polymer powder soluble in saline was unsta-

ble. To overcome this problem, we investigated the use of surfactants. At

1720/40 of paclitaxel/hydrophilic polymer/

surfactant weight ratio, about 10 mg/mL of paclitaxel can be solubilized in this systemn. Compared with the solubility of
paclitaxel in water (1 pg/mL), the paclitaxel solid dispersion prepared by SAS process increased the solubility of paclitaxel
by near 10,000 folds. The physicochemical properties was also evaluated. The particle size distribution, melting point and
amophorization and shape of the powder particles were fully characterized by particle size distribution analyzer, DSC, SEM
and XRD. In summary, through the SAS process, uniform nano-scale paclitaxel solid dispersion powders were obtained with
excellent results compared with Taxol® for the physicochemical properties, solubility and pharmacokinetic behavior.

Key words — paclitaxel, supercritical fluid, Cremophor® EL, solid dispersion
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Figure 1-Schematic diagram of a SAS equipment (A: CO; stor-
agetank, B: CO, pump, C: Drug/polymer solution, D: Solution pump,
E: CO, cooler, F: Nozzle, G: Heat circulator, H: Back pressure reg-
ulator, 1: Pressure gage, J: Reactor(Particle formation vessel)).

Paclitaxel } } Hydrophilic Polymer

FEthanol/Methylene chloride
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Y
f Mixture solution I

4__—+ Supercritical carbon dioxide ‘
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] Spray to reactor l
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Remove the organic solvent

Y
Recovery of particle

Scheme I-Preparation of paclitaxel solid dispersion using super-
critical fluid process.
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Table I-Solubility of Paclitaxel/polymer Solid Dispersion? with
a Various Polymerat 25°C

Solubility® in water (ug/mL)

Type of polymer S 5w
No polymer 0.6 <0.6
HP-B-CD 22 9
HPMC 2910 21 11
PVP K-12 i1 <0.6
HPC-L 13 <0.6
PVP C-30 8 <0.6

9SCF-treated condition setted at temperature 40°C and pressure 1,200
psi.

The ratio of paclitaxel to hydrophilic polymers is 1 to 3

“Data are expressed as mean value (n=3).

Table II-Solubility and Precipitation Time of Paclitaxel/

polymer/surfactant  Solid Dispersions @ with Various
Surfactants at 25°C
Solubility®” in water ~ Precipitation time?
b)
Type of surfactants (Senans pg/mL) (hrs)

No surfactant 190 0.5
Tween® 80 15,360 10
Tween® 20 7,080 10

Myrj® 52 11,440 48
Brij® 35 3,400 16
Cremophor EL 12,800 62
HCO-40 13,800 70

ISCF-treated condition setted at temperature 40°C and pressure 1,200
psi.

PPolymer fixed with a HP-B-CD and paclitaxel, polymer to surfactant
ratio is 1, 20 to 40.

9Solubility is expressed as the maximum solubility (Sma) in water. Data
are expressed as mean value (n=3).

YPrecipitation test was carried out paclitaxel concentration having 1,000
pg/mL in water. Data are expressed as mean value (n=3).
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Table III-Particle Size Distribution of Paclitaxel/polymer Solid
Dispersions® Powders with a Various Polymer®

Type of polymer Mean particle size (um)
HP-$-CD 0.71
HPMC 2910 0.64
PVPK-12 1.65
PVP K-25 3.38
PVP C-30 425
PVP K-90 5.70
HPC-L 0.77
HP-B-CD : HCO-40% 0.37

ISCF-treated conditions setted at temperature 40°C and pressure 1200
psi.

®The ratio of paclitaxel to hydrophilic polymers is 1 to 3.

“The ratio of hydrophilic polymers to surfactant is 1 to 3.



A
Figure 2-SEM micrographs of paclitaxel raw material, 3500x (A) and paclitaxel solid dispersion, 10000x (B).
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Figure 3-Typical DSC curve paclitaxel raw material (A) and pa-
clitaxel solid dispersion (B).
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14000 - Table IV-Average Non-compartmental Pharmacokinetic Para-
12000 meters of Paclitaxel Obtained after I.V. Administration of

Paclitaxel Solid Dispersion and Taxol® in Male S.D. Rats
~ 10000
S s Paclitaxel solid
2 6000 Parameters Taxol® (6 mg/kg) dispersion
.| (6 mghke)
2000 ts (hr) 9.2+0.9 11.4+1.8"
0 . Tinax (hr) 0.017x0.000 0.017£0.000
° 10 v B B0 (ng/ml) 49273.0+14,784.8 39,577.749,363.2
20
A Cl o (ml/hr - kg) 417.3+177.1 570.6£174.1
AUC,; (ng+hr/mL) 15,330.1+4,515.5  10,524.7+3,272.2
. AUC(ng-hr/mL) 15,801.3+4,742.8  11,029.3£3,365.9
14000
12000 - AUMC e (ng-hr®/mL)  23,677.4+8,461.8  17,970.1£4,734.9
10000 | AUMC(ng*hr¥/mL) 41,4643+17,375.3  38,233.61£9,200.2
;g 8000 - MRT (hr) 1.5+0.1 1.7+0.1
2 6000 | ?All values are expressed as mean+S E. (n=5)
g *Significantly different from Taxol® injection at p<0.05.
= 4000 -

2000 W-- deueim bl .

5 10 15 20 25 30 35 40
20

B

Figure 4—X-ray diffraction patterns of paclitaxel raw material (A),
and paclitaxel solid dispersion (B).
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Figure 5—-Time courses of paclitaxel level in rat plasma after I.V. ad-
ministration of 6 mg/kg dose of Taxol® (@) and paclitaxel solid dis-
persion (A) in male S.D. rats, respectively. Mean+S.E. (n=5).

Pharmacokinetic studies
A #E4) Taxol® (BMS) FARSH P-SDAAIE 6 mg/kg
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