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Preparation and Evaluation of Paclitaxel Nano-particle Delivery System
for Parenteral Formulations
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Abstract — Paclitaxel is an effective antineoplastic agent against ovarian, colon and breast tumors. But there have been
many difficulties to formulate this drug due to the extremely low aqueous solubility. Paclitaxel is currently formulated in
a vehicle composed of Cremophor EL and absolute ethanol mixture which is 5~20 fold diluted in normal saline or 5% dex-
trose solution before 1.V. injection. However, this formulation has many problems such as allergic reactions and drug pre-
cipitation on aqueous dilution. To overcome these problems, we prepared the micelle and microemulsion systems for
parenteral administration of paclitaxel by using glycofurol, Solutol® HS 15 and oleic acid. Phase diagram, pH-rate stability,
particle size distributions and pharmacokinetics of the systems were studied. Micelles and microemulsions formulated as
nano-particle delivery system were physically and chemically stable. Therefore, these formulations might be the promising

alternative candidate for the parenteral delivery of paclitaxel.
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Alof A 717]

Aere g sl e (Paclitaxel) A AAACHA, F=hHT
¥, glycofurol(tetrahydrofurfuryl alcohol polyethyleneglycol
ether, Tetraglycol), D(+) trehalose, sodium bisulfite 2
ethylenediaminetetraacetic acid(¢])3+ EDTA, disodium salt):=
Sigma(St. Louis, MO, USA)Z#E T-J3t%25, Solutol® HS
15(Polyethylene glycol 660 hydroxystearate)v BASF(Ludwig-
shafen, Germany), Tlobd-2 WAk, =) 281 D-
a-EFHEL YA (AE, sl 22 saidet ARSI
t}. Tertiary butyl methyl ether, W&h& 2 opEHEHHPLC
grade) 52 8ulj9} 1 8je] Aok 55 HE U= ARSI

71712 HPLC(Waters 2690 Allience, Waters 510 pump,
Waters 486 tunable absorbance detector, Waters, U.S.A),
laser particle analyzer(ELS-8000, Otsuka Electronc Co.
LTD., Japan), magnetic stirrer(§RMC-130 SH, Vision Science,
Co., Korea) 9 w]3:dA52])7}(VS-15000, Vision Science, Co.,
Korea)s AM-3I3ATE.
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Table I - Formulations of paclitaxel micelle and microemulsion system with and without stabilizer

Micelle system Microemulsion system

Ingredients

A-1 A-2 C-1 ] B-1 B-2 C-2
Paclitaxel (mg) 600 600 600 600 600 600
Glycoturol (g) 34 34 34 28 28 28
Oleic acid (g) - - - 6 6 -
Solutol® HS 15 (g) 40 40 40 40 40 40
D-a-Tocopherol (g) - - - - - 6
Sodium bisulfite (mg) - - 10 - - -
EDTA-sodium (mg) - - 10 - - -
pH 4.1 Acetate buffer (mf) 18 - 18 18 - 18
20 w/v% Trehalose in acetate buffer pH 4.1 (ml) - 18 18 -

2N Acetic acid

q.s to 100 (mi)
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Dissolve Solutol® HS15 in pH 4.1 acetate buffer(with/ without trehalose) J

Add slowly
with stirring
—

Dissolve paclitaxel in glycofurct or
the mixiure of glycofurol and oleic acid

l Add 2N acelic acid ’

{ Heat for 10min at 60°C and stirr for 3 hours J

{ Micelle and Microemulsion system J

Scheme 1 - Preparation of paclitaxel micelle and microemulsion
system.
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Fig. 1 — Phase diagram of micelles composed of glycofurol-Sblutol®
HS 15-water phase.
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Fig. 2 — Phase diagram of microemulsions composed of glycofurol/
oleic acid-Solutol® HS 15-water phase.
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Table II - Stability of nano-particle formulations with and without stabilizers at room temperature and 40°C. Data are presented as the

mean*+S.D. (n=5)

% drug remained

Formulations Temp (°C)
0 day 6 days 13 days 20 days 30 days
A-1 100 99.95+0.40 98.74+0.29 97.45+0.43 98.89+0.23
A-2 Room 100 100.22+0.32 99.11+0.43 98.71+0.55 99.69+0.44
B-1 Tem 100 99.93+0.38 99.73+0.53 98.28+0.42 100.15+£0.34
C-1 p- 100 99.57+0.73 99.42+0.28 98.59+0.36 99.18+0.49
C-2 100 100.05+1.42 99.59+0.46 99.38+0.28 99.60+0.40
A-1 100 99.10+0.32 98.34+0.24 97.57+0.16 97.70+0.32
A-2 100 98.99+0.53 97.85+0.49 97.12+0.08 98.360.28
B-1 40°C 100 100.03+0.51 98.85+0.14 98.48+0.55 99.36+0.29
C-1 100 100.38+0.73 99.61+0.50 98.44+0.27 98.75+0.10
C-2 100 99.95+0.73 99.98+0.50 99.65+0.57 99.53+0.80
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Fig. 5 - Plasma concentration-time curve of paclitaxel after iwv.
injection of micelles and microemulsions at the dose of
5 mg/kg as paclitaxel in SD rats (n=3, Mean=5.D). Keys;
A1 (@), A2 (O), B-1 ().
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Table III — Pharmacokinetic parameters of paclitaxel after i.v. injection of micelles and microemulsions at the dose of 5mg/kg of paclitaxel in

SD rats. Data are expressed as the mean=S.D. (n=3)

Formulations AUC, (ng - min/ml) typp (Min) Cl; (ml/min) Vi mf)
Al 411.85%75.70 36.88+5.91 2.98+0.53 116.37+4.08
A-2 390.03+25.40 37.10x7.44 3.09=0.20 110.57+7.51
B-1 387.49+50.00 57.17+23.73 3.13+0.38 185.28+64.53
Z F3to] YERISITE A1, A2 9 B-1 AlAY AUCE 247} = fal

412, 390 ¥ 387 pg-min/mEA T Aol7t QAo Ty 24
7} 37, 37 2 57 min®.E wo]A R dA AAL A4 w7t
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Aoz ABHIPTE & F Q= V= Al A2 2 B2 A
Al 2k 116, 110 2 185 miEA] vl 2o HA AAE 4
gHo® & e VRSt

4 B

A AlgEE sgejegd ARG 253t AAE Sds)
7] 94819y glycofurol, Solutol® HS 15 % S|QAtz AEE T
& AAslo] o5 nig o FoshxoR obget stEeed v}t
LUAEFAE At AlxE U R egAe) A=,
7] P 4 oFEe] AU FEE IAtEle] FARIEA Y 7}
8 Bkl v 22 AES ¥l

1. A8 AY A7 glycofurol(E= 2|14k} glycofurol),
Solutol® HS 15 W £2] B]E 34:40:26°.8 n)Ad3} nlojg 2
NHAE AFsHIch.
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3.QEETE= A1 A2 D B-1 AAlelA 0A17} 2447 5
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Z7)ar e}, 3 QHAEA7F A7k C-13 C2% BYFos
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5. gEE el Y3 & FEIFALS 2-compartment model?]
Fde w3om Al A2 % B-1 AAS] AUCS} C, #telr=
2 27k Ao Typgs 242 36, 37 3 57 min 0= 74|
ARt vlo]|AZ g AAA A iAoz AU}, wF V=
116, 110 @ 185 mi®Z B-1ol4 At og 2 ke VERiSIct.

opde] AENE, VYR AR 0 24 8] n]dz nlo| I 7
AgA AAe Be3etH oz ety 7|EAA R S5
wEFe|ed FAAE 28 4 glowe} ldiEn.

Vol. 49, No. 4, 2005

1) Wacher, V. H.,, Silverman, J. A., Zhang, Y. and Benet, L. Z. :
Role of P-glycoprotein and cytochrome P450 3A in limiting oral
absorption of peptides and peptidomimetics. /. Pharm. Sci. 87,
1322 (1998).

2) Gelderblom, H., Verweij, J., Nooter, K. and Sparreboom, A. :
Cremophor EL : the drawbacks and advantages of vehicle
selection for drug formulation. Euz. J. Cancer 37, 1590 (2001).

3) Trissel, L. A. : Handbook on Injectable Drugs 11th ed,
American Society of Health-System Pharmacists, Inc.,
Bethesda, p. 1003 (2001).

4) Spiegelberg, H., Schlapfer, R., Zbinden, G. and Studer, A. : A
new injectable solvent (Glycofurol). Arzneimittel-Forschung 6,
75 (1956).

5) Vromans, H. and Moolenaar, E : Effect of solvents on rectal
absorption rate of paracetamol in man : an # vitro approach.
Int. . Pharm. 26, 5 (1985).

6) Taubgll, E., Lindstrém, S., Klem, W. and Gjerstad, L. : A new
injectable carbamazepine solution - antiepileptic effects and
pharmaceutical properties. Epilepsy Res. 7, 59 (1990).

7) Ran, Y, Zhao, L., Xu, Q. and Yalkowsky, S. H. : Solubilization
of cyclosporin A. AAPS PharmSciTech 2, article 2 (2001).

8) Bechgaard, E., Gizurarson, S. and Hjortkjaer, R. K. :
Solubilization of various benzodiazepines for intranasal
administration, a pilot study. Pharm. Dev. Technol. 2, 293
(1997).

9) MED, e, XA : gl wlsdriuAziEE o)
B4 7Hgsh <kAIEE A 27, 199 (1997).

10) olE3), upid, A%, 20, 290, oA, viEw, A8 -
Vo)A HAE o] g8t TREE FARAHY A U Py}, kst
3% 46, 337 (2002).

11) Corswant, C. V, Thorén, P. and Engstrém S. : Triglyceride-
based microemulsion for intravenous administration of
sparingly soluble substances. J. Pharm. Sci. 87, 200 (1998).

12) Trotta, M., Cavalli, R., Ugazio, E. and Gasco, M. R. : Phase
behaviour of microemulsion systems containing lecithin and
lysolecithin as surfactants. Int. J. Pharm. 143, 67 (1996).

13) Gee, R. P : Oil-in-water microemulsions from association
structures of surfactant, water and aminosilicone polymer oil.
Colloids and Surfaces 137, 91 (1998).

14) Dordunoo, S. K. and Burt, H. M. : Solubility and stability of



i
oy,
o
I
°
i
o
X
i

274 Y

taxol : effects of buffers and cyclodextrins. Int. J. Pharm. 133, translational and rotational diffusion coefficients of rodlike

191 (1996). particles using depolarized dynamic light scattering. Langmuir.
15) Laia, C. A. T, Brown, W, Almgren, M. and Costa, S. M. B. : 16, 1689 (2000).

Light scattering study of water-in-oil AOT microemulsions 17) Xu, Q., Trissel, L. A. and Martinez, J. E. : Stability of paclitaxel

with poly(oxy)ethylene. Langmuir. 16, 465 (2000). in 2% dextrose injection or 0.9% sodium chloride injection at
16) Lehner, D., Lindner, H. and Glatter, O. : Determination of the 4, 22, or 32 DGC. Am. J. Hosp. Pharm. 51, 3058 (1994).

J. Pharm. Soc. Korea



