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Taxol  To  Nanotaxol:  A  Journey  Towards
Enhanced Drug Delivery
Tanvi Kaku1, Aiswarya Dash2 and Biswa P. Chatterji2,*

1  Post  Graduate  Department  of  Biotechnology,  St.  Xavier’s  College  Autonomous  Mumbai,
Maharashtra  400001,  India
2 School of Engineering, Ajeenkya DY Patil University, Pune, Maharashtra 412105, India

Abstract: Drug delivery in the field of cancer has undergone a continuous revolution
over the past few decades. Development of novel chemotherapeutic agents without the
method  of  delivering  them  to  the  tumor  site  would  find  no  practical  application  in
uprooting the fatal disease of uncontrolled cell proliferation, cancer. This makes the
development of drug carriers exceedingly essential for diagnostics and therapy alike.
Nanotechnological  science  has  gained  impetus  in  the  recent  past  and  has  found
applications in a plethora of fields. It has managed to create an impact in the field of
diagnostics, drug delivery and therapy, equally. Taxol®, a chemotherapeutic agent that
was  initially  obtained  from  the  bark  of  Taxus  brevifolia,  moved  on  to  the  semi-
synthetic approach for its synthesis to address the shortage of its natural source. This
drug  is  partially  soluble  in  water  and  its  initial  formulation  with  Cremophor  EL
manifested as anaphylactic reactions. To do away with these problems and others such
as lower circulation time in blood and non-specificity, nanotechnology is now being
looked at as a promising solution. Nanotechnological carriers aim at enhancing target-
specificity by functionalization, drug stabilization and preventing its degradation due to
physiological conditions, pH, enzymes, etc., demonstrating an Enhanced Permeability
and  Retention  (EPR)  effect,  prolonged  blood  circulation  and  thus  better  anti-tumor
activity, while the side effects being almost negligible. The patents in this chapter aim
to highlight how nanotechnology can find practical applications and how one or more
than  one  drugs  could  be  administered  in  vivo  in  a  sustained  fashion.  The  step-wise
development in using this potent anticancer drug (Taxol) involved the use of human
serum  albumin  associated  compositions  (Abraxane®),  cremophor-free  formulations
(Capxol™, Genexol-PM™), numerous oil-in-water emulsions, liposomes and micelles,
use of graphene quantum dots (GQDs) for bioimaging and drug delivery and the use of
single-walled and multi-walled carbon nanotubes. It also allows the readers to explore
nanodevices that can be turned on and off as and when the need be for localized drug
delivery.  Enabling  the  nanocarriers  to  modulate  the  pharmacokinetic  and
pharmacodynamic properties of the drug is another notable feature that some of these
nanocarriers possess.

*  Corresponding  author  Biswa  P.  Chatterji:  School  of  Engineering,  Ajeenkya  DY  Patil  University,  Pune,
Maharashtra  412105,  India;  Tel:  +91-8686868686;  E-mail:  biswaprasun@gmail.com
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1. INTRODUCTION

A normal cell, when developing a neoplastic behaviour, adopts the 6 hallmarks of
cancer, turns tumorigenic and may exhibit malignancy. Withstanding cell death
signals  while  sustaining  the  proliferative  ones,  eluding  growth  suppressors,
induction  of  the  process  of  angiogenesis,  actuating  invasion  and  promoting
metastasis and thus enabling the cells to attain immortal replication ability are the
six prominent hallmarks of cancer that the cells adopt [1]. In the developed and
the developing countries, cancer is the first and the second leading cause of death,
respectively [2]. According to the GLOBOCAN project which is an initiative by
The International Agency for Research on Cancer (IARC), the world witnessed
12.7 million cancer  cases  in  the  year  2008 [2],  while  the  numbers  increased to
14.1  million  in  the  year  2012  [3].  The  number  of  deaths  resulting  from
succumbing to cancer also saw a rise from 7.6 million in the year 2008 [2] to 8.2
million in 2012 [3]. This alarming rate of falling prey to the disease crops up from
the  present-day  sedentary  lifestyle,  imitation  of  food  and  diet  fads  from  the
western world and increased tendencies of smoking and alcoholism [2, 4 - 6]. The
current modes of treatment available to combat cancer include surgery, employing
chemotherapy and radiation therapy in combination or individually, depending on
the  severity,  the  type  and  the  stage  of  cancer  [7].  The  1960's  witnessed  the
approval  of  chemotherapeutic  agents  like  vincristine  and  vinblastine  that  were
derived  from  natural  sources  [8].  The  forage  for  more  natural  alternatives
heightened  between  the  period  from  1960-1981,  when  a  collaborative  plant
screening program was initiated by the National Cancer Institute (NCI) and the
U.S.  Department  of  Agriculture  (USDA).  This  program  was  successful  in  the
collection of about 1,15,000 extracts from 15,000 plant species and their testing
which resulted in the identification of a few natural sources for the isolation of
molecules that possess potent anticancer activities [9].

Samples  from  Taxus  brevifolia,  the  Pacific  yew  tree  were  analyzed  by  Arthur
Barclay, a botanist as USDA. The fruit, needle, twig and bark extracts were tested
for  their  anticancer  activity  and  only  the  bark  extract  showed  significant
cytotoxicity [9, 10]. The bark samples of Taxus brevifolia were received in 1964
by  two  scientists,  Mansukh  Wani  and  Monroe  Wall,  working  at  the  Research
Triangle  Institute  [9,  10].  The  bark  extract  showed  potent  cytotoxicity  against
human  nasopharynx  cancer  cell  line,  9KB  and  mouse  leukemia  cells  (in  vitro
cytotoxicity assessment models), while it did not show promising results in vivo
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[11 -  13].  Following this,  attempts  to  obtain  Taxol  in  its  pure  crystalline  form,
begun.  In  1966,  the  active  ingredient,  that  was  responsible  for  the  cytotoxic
activity,  was isolated in its  crystalline form. It  was named as Taxol in the year
1967 [9, 10], after its source of origin and the presence of hydroxyl groups [9].
Determination of the structure of Taxol required its purified form to be available
in large quantities. This was, however, not the case. Twelve kg of stem bark that
was air dried could produce only 0.5g of Taxol, the yield being as low as 0.004%
[12]. It was also estimated that around 1g of active Taxol could be obtained from
three 100-year-old, mature Taxus brevifolia trees [11]. With the betterment of the
procedures for isolation and purification, the structure of Taxol was elucidated in
the year 1971 and reported to be the first compound with a taxane ring possessing
antileukemic properties and those capable of tumor inhibition [12, 14]. Although a
potential  candidate  for  a  chemotherapeutic  drug,  certain  drawbacks  of  Taxol
caused  researchers  to  lose  interest  in  the  molecule.  Water  insolubility  of  the
molecule meant elimination at the formulation stage due to the difficulty in drug
delivery  [10,  11].  Polyethoxylated  castor  oil  was  thus  employed  for  its
formulation which leads to various anaphylactic reactions. This was another major
cause why the development of Taxol as a chemotherapeutic was looked down at
[9]. The inability of total chemical synthesis owing to its complicated structure,
complex  multistep  synthesis  procedure,  as  well  as  low  yields  and  scarce
availability  of  natural  resources  for  its  extraction,  further  discouraged  the  drug
from reaching advanced development stages [9 - 13, 15]. Also, a low degree of
cytotoxicity was identified in P-388 and L-1210 cells and this further dampened
the interests [12, 13]. For about a decade, the investigations in this field were at a
standstill.

The  excellent  cytotoxic  activity  of  Taxol  against  murine  B16  melanoma
(relatively resistant) and xenografts of human tumors introduced into nude mice
when  brought  to  light,  furthered  its  development  and  it  advanced  from  the
preclinical  stage  to  the  animal  toxicology  study  stage  [10,  12,  13].  Its  unique
mode  of  action  enthralled  the  researchers  and  they  were  motivated  to  work
towards developing this molecule into a promising chemotherapeutic drug. Taxol
promotes  the  process  of  microtubule  assembly  by  stabilizing  tubulin,  thus
inhibiting cell division, by preventing the disassembly of the microtubules [9 - 11,
15  -  17].  It  does  so  by  causing  a  shift  in  the  equilibrium  towards  microtubule
assembly by the elimination of the lag period that precedes the process [15, 18].
Taxol interacts with β-tubulin at a specific site (a binding pocket) constituting of
β-strands and α-helices [11, 19, 20]. The cells are seen to be arrested in the G2/M
phase of the cell cycle, post binding of Taxol to the binding site, not enabling the
mitotic  spindle  to  de-construct  [11,  15,  18,  20].  Reports  on  activities  of  Taxol
other  than  that  on  microtubules  highlight  its  ability  to  alter  cellular  signalling
cascades by activation of molecules like Raf-1, nitric oxide synthase and kinases
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Nature needs protection from the fast growing chemical pollution. The 
primary challenge for chemists is to make chemical processes more envi-
ronmentally benign and sustainable. World has witnessed a tremendous 
outburst in modifying chemical processes to make them sustainable for 
making our environment clean and green. One such environmental friendly 
technique is the use of ultrasound.

Sonochemistry deals with the effect of ultrasonic waves on chemical 
systems. It has green value because of nonhazardous acoustic radia-
tion and therefore, it is duly recognized as a part of Green Chemistry by 
synthetic chemists as well as environmentalists. There is no direct interac-
tion of ultrasound with molecular species, but the observed chemical and 
physical effects of ultrasound are due to the cavitational collapse, which 
produces drastic conditions of temperature and pressure locally. It induces 
the formation of various chemical species, which cannot be easily attained 
under conventional conditions. Sometimes, these species are responsible 
for driving towards an unusual reactivity in molecular entities.

Exposure to ultrasonic radiation and the resultant sonochemical and/or 
sonophysical effects have established this technique for driving a particular 
chemical reaction more efficiently and that too with high yields and selec-
tivity. Sonochemistry utilizes less hazardous starting materials, reagents 
and solvents. In this process, product selectivity and product yields are 
increased; in addition, energy consumption is also reduced. This book 
provides the complete development of sonochemistry starting from intro-
duction, basic concepts of sonochemistry, different types of sonochemical 
reactions, instrumentation, use of ultrasound in driving particular chemical 
reactions and its applications in various fields such as polymer synthesis, 
decontamination of water and waste water, preparation of nanomaterials, 
food technology, pharmaceutical sciences and so forth.

Apart from this, some fields are also discussed in brief, which do not 
fall in the actual arena of sonochemistry, but utilize ultrasounds of different 
frequencies. These are food products and their processing, anaerobic diges-
tion of waste, medical applications such as ultrasonography, sonodynamic 
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10.1 INTRODUCTION

Wastewater treatment has become a necessity of the day as the world is in 
cancerous grip of water pollution and is facing a scarcity of potable water 
in many developing and undeveloped countries. Many techniques are used 
for the treatment of wastewater, and biological treatment of wastewater 
is one of these widely used techniques. Excess sludge production is one 
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