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The bark extract of Pacific Yew (Taxus brevifolia) was first
reported to have anti-tumor activity in 1963. The active
constituent responsible for this activity was later identified
in 1971 as paclitaxel [1]. Paclitaxel is a cytotoxic drug used
in the treatment of variety of tumors including ovarian,
breast, and non-small-cell lung cancers [2].

Its unique mode of action relies on binding to micro-
tubules, preferentially to f-tubulin. Paclitaxel interferes
with the function of microtubules, either by destabilizing or
stabilizing the microtubules. Paclitaxel stimulates phos-
phorylation of f-tubulin in both differentiated and undif-
ferentiated P19 cells and stabilizes microtubules by the
prevention of depolymerization which results in cell death
[3]. In spite of its efficacy against wide varieties of tumors,
it has some shortcomings.

Large scale production of this alkaloid from natural
sources by extraction is a very challenging and expensive
process. Only half a gram of paclitaxel can be obtained
from a 40-foot tall Pacific Yew plant, it may take the plant
200 years to reach this height. The discovery of a four-step
procedure that converts 10-deacetylbaccatin, a related
compound found in various Yew species which grows
significantly quicker than Pacific Yew, increased its yield
and production [4].

Paclitaxel exhibits dose-limiting toxicity and a short
half-life. After IV infusion, the initial and final elimination
half-lives of paclitaxel were reported to be 0.29 £ 0.13 and
6.95 £ 5.40 h, respectively [5]. Ninety percent of the drug
is hydroxylated by the CYPs 3A4, 3A5, 1A2 and CYP2C8
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enzymes in the liver and excreted in feces [6]. Less than
10% of the drug is eliminated through the kidney, unal-
tered. The drug is bound up to 90% to tissue-protein [5].

Resistance to paclitaxel develops due to multidrug
resistance-1 (MDR-1)/P-glycoprotein (PgP) expression,
effect of drug efflux transporter (ABCBI1), breast cancer
resistance protein (BRCP), f-tubulin expression, over
expression of oncogene c-erb-B-2, modification of apop-
tosis signaling sensitivity, or paclitaxel detoxification
mediated by CYP [7]. Therefore, the required dose of
paclitaxel increases with time, which in turn will cause
greater toxicity.

Its physicochemical properties such as high molecular
weight (853 g/mol), lipophilicity (Log P of 3.66) and poor
aqueous solubility (0.25 pg/mL) exhibit critical formula-
tion challenges. In order to overcome these challenges, a
mixture of polyoxyethylated castor oil and anhydrous
alcohol, commonly called Cremophor EL is used. The use
of Cremophor EL has severe side effects that lead to
hypersensitivity reaction, hyperlipidemia, and peripheral
neuropathy. To avoid Cremophor EL in the formulation,
various approaches have been investigated to enhance its
bioavailability and reduce toxicity [8].

Over the last few years, extensive research has focused
on identifying genetic and non-genetic factors responsible
for inter-individual variability for paclitaxel pharmacoki-
netics, efficacy, and toxicity. Polymorphisms in genes
encoding paclitaxel metabolizing enzymes, and presence of
transporters have been considered as possible factors for
this variability. Further studies of genes involved in the
efficacy and elimination of paclitaxel has identified organic
anion transporting polypeptide (OATP), and IB3. For
example, IB3 is responsible for paclitaxel hepatic uptake,
polymorphism in the genes encoding for paclitaxel
metabolizing enzymes, and transporters such as CYP2CS,
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CYP3A4, CYP3AS5, OATP1B3 and PgP [9]. However, the
pharmacogenomic studies that have been reported so far
have provided conflicting conclusions. For paclitaxel
neurotoxicity risks, some studies have reported positive
results for ABCB1 [10], CYP2C8, and CYP3AS5 poly-
morphism, while others have found no such relation [11].
In the future, more research efforts are needed for the
development of individual paclitaxel pharmacotherapy.
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