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2.1. Intracellular Drug Delivery
The efficacy of drug therapy depends on identifying a target and designing a 

pharmaceutical agent that will be able to reach that target. The increased understanding of 

molecular pathology provides us with many targets relating to the primary cause of 

diseases. The information tells us that no intracellular compartment can claim to be free 

from being implicated in the cause or effect of at least one disease. Drugs may therefore 

need to be delivered not only to specific organs and cells but also to distinct intracellular 

compartments or microenvironments. Molecular medicine has discovered many new 

therapeutic modalities by using state-of-the-art techniques in molecular biology. High 

through-put, in-vitro assays that screen for pharmacological actions on the desired cell 

type are frequently used to design new drugs. Although such agents are certainly justified 

by their success in-vitro, they frequently perform much less effectively in-vivo where the 

agent must reach its target cells in a tissue in sufficient quantities to be potent while 

sparing bystander organs. Depending on the route of administration, the endothelium 

and/or epithelium form significant barriers that greatly limit the in-vivo accessibility of 

many drugs, antibodies, and gene vectors to their intended target sites of pharmacological 

action, namely, the cells inside the tissue (Jain, R. K. et al., 1998). Hence, the major 

challenge for , formulation development scientist is to design drug delivery strategies that 

deliver the therapeutic agents to the desired intracellular targets based on ability to 

understand, utilize, modify and exploit membrane trafficking pathways (Miller, N. et ah, 

1995).

Intracellular drug delivery refers to the delivery of therapeutic agents to specific 

compartments or organelles within the cell. The therapeutic agent could be a low 

molecular weight drug or a macromolecule like protein or DNA. Thus targeted 

intracellular drug delivery results in higher bioavailability of a therapeutic agent at its site 

of action (i.e. distinct intracellular compartments or microenvironments), potentiates the 

pharmacologic effect of the drug, and at the same time, reduces the side effects. (Jayanth 

Panyam et al., 2004).

Factors that limit the intracellular delivery of drugs include poor permeability of the drug 

through the cell membrane, low accessibility of the drug to its site of action within the 

cell, degradation of the drug in specific cell compartments and toxicity due to the 

exposure of the drug and/or the delivery system to different cellular organelles
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2.1.1. Mechanisms of Intracellular Delivery

There are a number of pathways through which a therapeutic agent or a carrier can enter a 

cell. The simplest mechanism is diffusion across cell membrane. Low molecular weight 

lipophilic compounds cross the cell membrane by simple diffusion method. Water soluble 

substrates need a means of facilitating their passage into the cell. They can enter the cell 

when membrane protein form channels allowing substances to diffuse across the cell 

membrane. E.g. ligand-gated channels, voltage gated channels. Simple and facilitated 

diffusion allow the transport of molecules from an area of high concentration to that of 

lower concentration. Active transport utilizes ATP-derived energy to pump substances 

against a concentration gradient.

• Endocytosis

• Caveolar endocytosis

• Pinocytosis

• Phagocytosis

• In receptor-mediated endocytosis,

• Folate Receptor-Mediated Endocytosis

• Transferrin Receptor-Mediated Endocytosis

• Biotin Receptor-Mediated Endocytosis

• Wheat Germ Agglutinin-Mediated Endocytosis :

• ICAM-1-Mediated Endocytosis :

• Antibody-Mediated Endocytosis

• Physical or mechanical methods use force to traverse the cell membrane 

-Particle bombardment accelerates

-Microinjection

-Electroporation , ; ■ ' ' •

2.1.2. Barriers to Intracellular Delivery of Therapeutic Agents

There are a number of barriers to the intracellular delivery of therapeutic agents. Low 

molecular lipophilic drugs can diffuse across the cell, but pnce the concentration gradient 

is removed, they diffuse back out or efflux out of the cell rapidly. Presences of 

transporters such as MRP of P-gp are responsible for drug efflux e.gi anti-tumor agents. 

F6r high molecular drugs, which are'transported by endocytosis- pH is lowered in the 

pathway (Extracellular fluid 7.4, endosomes 5.5-6.5, lysosomes 3.0-5.5). Unless there are
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special mechanisms of escape from the endosomes to the cytoplasm, these 

macromolecules are delivered to lysosomes where they are degraded. Endosomes and 

lysosomes contain proteases (e.g. cathepsins), lipases, glycolases, and phophatases. Thus, 

most macromolecules have very poor availability inside the cell. Two major strategies for 

delivery of bio-active molecules to the cytoplasm are destabilization of 

endosomal/lysosomal membrane and direct penetration through the plasma membrane. 

Extracellular barriers

The mononuclear phagocyte system is a system of phagocytic components which 

recognize, capture and remove foreign material from the body. Circulatory monocytes 

and fixed tissue macrophages (e.g. Kupffer cells) remove drug delivery systems from the 

bloodstream before degradation within macrophage-rich organs such as the liver, spleen 

and bone marrow. A reduction in phagocytic cell interaction increases the circulation time 

of the delivery system which is a prerequisite for site specific drug accumulation.

2.1.3. Intracellular Targets

• Endo-Lysosomal Targeting

• Cytoplasmic Delivery

• Nuclear Targeting

• Mitochondrial Targeting
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Figure: 2.1. Examples of targets, barriers and strategies for intracellular drug 

delivery. (A, B) Internalisation of the drug or drug complex into the endocytic pathway 

precedes drug release into the cytosol. This may be mediated by cleavage of a labile drug- 

complex linker or physical membrane destabilisation by, for example, a virus or a 

liposome. In A, the drug complex (red) is endosomotropic, and the drug needs to .be 

released prior to encountering the degrading proteases and nucleases of the lysosome. (B) 

The ER (yellow)- and peroxisome (biaek)-targeted drugs are lysosomotropic; there is a 

requirement for them to be ®rst delivered to the lysosomes. (C) The nuclear-targeted drug 

(blue) permeates through biological membranes or alternatively is attached to a 

membrane-permeable carrier. (D) The drug (green) is targeted via the endocytic pathway 

to a bacterium (purple) inside the vacuole. (Arwyn, T. Jones et al., 2001)

2.2. Intracellular Drug Delivery Approaches
Once administered, a drug may have to traverse several biological membranes or 

organelles before intracellular targeting is complete. In order to achieve this, it may be 

necessary to develop carriers, with specific properties, that would enable them to localize 

in those compartments. A number of different carriers have been used for targeting 

different organelles including viral vectors, cationic lipids, polymer conjugates,, micelles, 

protein transduction domains, nanoparticles and liposomes.

2.2.1 Viral Vectors

These are by far the most efficient means .of delivering DNA (gene therapy), usually 

achieving success rates of higher than 90% for both delivery and expression. Adenovirus, 

adeno-associated virus, and lenti virus are some of the viral vectors (replication-deficient) 

that have been studied. Limitations of using viral vectors are immunogenicity, toxicity, 

restricted targeting of specific cell types, costs and problems with production and 

packaging, Yiral peptide transporters typically use highly stable hydrophobic helix 

peptide which is structural similarity to transmembrane protein tails, which help them to 

cross the plasma membrane.

Viral peptides evolved for endosomal escape are (1) HIV-tat peptide (Mudit Tyagi et al., 

2001). Current mechanism hypothesis is that positively-charged residues bind polyanionic 

proteoglycans, triggering rapid internalization. It is unclear how escape from endosome 

occurs. (2) Influenza hemagluttinin peptide: Undergoes conformational change at reduced
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pH. Inserts in membrane, reduced pH causes a membrane-destabilizing change in 

conformation.

2.2.2. Cationic Lipids and Polymers (Lipoplexes/polyplexes)

Cationic lipids and cationic polymers have been used as non-viral transfection vectors for 

efficient intracellular delivery of DNA. Lipoplexes are complexes between cationic lipids 

and DNA and polyplexes are complexes are complexes between DNA and cationic 

polymers. Complexes between cationic lipids [such as Lipofectin®, an equimolar mixture 

of N-[l-(2, 3-dioleyloxy)propyl]-N,N,N-trimethylammonium chloride (DOTMA) and 

dioleoyl phosphatidylethanolamine (DOPE)] and DNA and complexes between cationic 

polymers, such as polyethyleneimine (PEI), and DNA are formed because of strong 

electrostatic interactions between the positively charged carrier and negatively charged 

DNA (Kunath, K. et al., 2003)

2.2.3. Micelles

Micelles are colloidal dispersions and have the particle size within the 5 to 50-100 nm 

range. An important property of micelles is their ability to increase the solubility and 

bioavailability of poorly , soluble pharmaceuticals. The use of certain special amphiphilic 

molecules as micelle building blocks can also introduce the property of micelle extended 

blood half-life upon intravenous administration. Because of their small size (5-50 nm), 

micelles demonstrate a spontaneous penetration into the interstitium in the body 

compartments with the leaky vasculature (tumors and infarcts) by the enhanced 

permeability and retention (EPR) effect, a form of selective delivery termed as “passive 

targeting”(Maeda, H. et al., 2000). Specific ligands (such as antibodies and/or certain 

sugar moieties) can be attached to the water exposed termini of hydrophilic blocks 

(Torchilin, V.P. et al., 2001). In the case of targeted micelles, a local release of a free drug 

from micelles in the target organ should lead to the increased efficacy of the drug, 

whereas the stability of the micelles en route to the target organ or tissue should 

contribute better drug solubility and toxicity reduction owing to less interaction with non

target organs.

Micelles (polymeric micelles) can also demonstrate pH-sensitivity and ability to escape 

from endosomes. Thus, micelles prepared from PEG-poly(aspartate hydrazone 

adriamycin) easily release an active drug at lowered pH values typical for endosomes and 

facilitate its cytoplasmic delivery and toxicity against cancer cells (Bae, Y. et al., 2005).

18



Literature review

Alternatively, micelles for intracellular delivery of antisense oligonucleotides (ODN) 

were prepared from ODN-PEG conjugates complexes with a cationic fusogenic peptide, 

KALA, and provided much higher intracellular delivery of the ODN than could be 

achieved with free ODN (Jeong, J.H. et al., 2003).

Vladimir P et al prepared tumor-specific 2C5 immunomicelles loaded with a sparingly 

soluble anticancer agent, taxol. Immunomicelles with attached antitumor mAb 2C5 

effectively recognized and bound various cancer cells in vitro and showed an increased 

accumulation in experimental tumors in mice when compared with nontargeted micelles 

(Torchilin, V.P. et al., 2003).

2.2.4. Protein Transduction Domains

It was observed that certain proteins entered cells when added to the surrounding media. 

From these proteins, short basic peptide sequences (Protein Transduction Domains, 

PTDs) were identified that could cross the plasma membrane and in doing so take the rest 

of the protein with them. Most of the currently recognized CPP are of cationic nature and 

derived from viral, insect or mammalian proteins endowed with membrane translocation 

properties. The exact mechanisms underlying the translocation of CPP across the cellular 

membrane are still poorly understood. However, several similarities in translocation can 

be found. Early studies on CPP translocation mechanisms tended to suggest that the 

internalization of these peptides was neither significantly inhibited by low temperature, 

depletion of the cellular adenosine triphosphate (ATP) pool, nor by inhibitors of 

endocytosis. Moreover, chemical modification of the peptide sequence, such as the 

synthesis of retro-, enantio- or retroenantio-analogs, appeared not to. affect the 

internalization properties. Therefore, translocation was concluded to result from direct, 

physical transfer through the lipid bilayer of the cell' membrane. Later studies, however, 

showed convincing evidence for the involvement of endocytosis as the dominating 

mechanism for cellular internalization. Cellular delivery using PTDs has several 

advantages over conventional techniques because it is efficient for a range of cell types 

and has a potential therapeutic application

There is no DNA, no risk of genome modification or transgene dissemination, an efficient 

passage through the blood-brain barrier, the capacity to bypass the multidrug resistance 

system, and the direct incorporation inside the cytoplasm, avoiding the problem of 

endosome efflux. PTD carriers suffer from certain limitations such as cell toxicity, 

possible immunogenicity, and negative interference with the activity of the transported
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molecules. They also require cross-linking to the therapeutic peptide or protein. Also, 

some of these systems such as PTDs derived from HIV-1 TAT protein require 

denaturation of the protein before delivery to increase the accessibility of the PTD 

domains. More recently, a short synthetic amphipathic carrier, Pep-1, was developed to 

deliver functionally active proteins and peptides intracellularly without the need for cross- 

linking or denaturation. Torchilin V.P et al and Levchenk T. S et al attached TAT 

peptide to the surface of plain and PEGylated liposomes. TAT peptide-liposomes were 

made slightly cationic by adding up to 10 mol % of a cationic lipid (DOTAP). These 

slightly cationic liposomes were non-toxic towards cells, formed firm complexes with 

DNA (plasmid encoding for the formation of the Green Fluorescent Protein), and 

efficiently transfected a variety of cells. (Torchilin, V.P. et al., 2003).

2.2.5. Nanoparticles

Nanoparticles are defined as particulate dispersions or solid iparticles with a size in the 

range of 10-lOOOnm. The drug is dissolved, entrapped, encapsulated or attached to a 

nanoparticles matrix. Depending upon the method of preparation, nanoparticles, 

nanospheres or nanocapsules can be obtained. Nanocapsules are systems in which the 

. drug is confined to a cavity surrounded by a unique polymer, membrane, while 

nanospheres are matrix systems in which the drug is physically and uniformly dispersed. 

In recent years, biodegradable polymeric nanoparticles, particularly, those coated with 

hydrophilic polymer such as polyethylene glycol) ! (PEG) known as long-circulating 

particles, have been used as potential drug delivery devices ;because of their ability to 

circulate for a prolonged period time target a particular organ, as carriers of DNA in gene 

therapy, and their ability to deliver proteins, peptides and genes. (Mohanraj, V.J. et al., 
' 2006) •, : • ; '
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• Drug molecules 

| Drug crystals 
/V Polymer chains

Figure: 2.2. Schematics of exemplary types of drug nanoparticles. A. Matrix type 
nanosphere, drug molecules are evenly dispersed in the polymer matrix. B. Core 
shell nanocapsule, drug molecule is presented in a core covered with a polymer shell. 
C. Matrix type nanosphere where drug cry stals are embedded in a polymer matrix 
(Vauthier-Holtzscherer, C. et al., 1991).

The advantages of using nanoparticles as a drug delivery system include the following:

1. Particle size and surface characteristics of nanoparticles can be easily manipulated 

to achieve both passive and active drug targeting after paranteral parenteral 

administration.

2. They control and sustain release of the drug during the transportation and at the 

site of localization, altering organ distribution of the drug and subsequent 

clearance of the drug so as to achieve increase in drug therapeutic efficacy and 

reduction in side effects.

3. Controlled release and particle degradation characteristics can be readily 

modulated by the choice of matrix constituents. Drug loading is relatively high 

and drugs can be incorporated into the systems without any chemical reaction; this 

is an important factor for preserving the drug activity.

4. Site-specific targeting can be achieved by attaching targeting ligands to surface of 

particles or use of magnetic guidance.

5. The system can be used for various routes of administration including oral, nasal, 

parenteral, intra-ocular etc.

In spite of these advantages, nanoparticles do have limitations. For example, their small 

size and large surface area can lead to particle-particle aggregation, making physical 

handling of nanoparticles difficult in liquid and dry forms. In addition, small particles size
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and large surface area readily result in limited drug loading and burst release. These 

practical problems have to be overcome before nanoparticles can be used clinically or 

made commercially available.

Nanoparticle components:

Organic materials

• Polymers: natural (chitosan, sodium alginate, agarose)

Synthetic (PLGA, PBCA, PVP)

• Proteins: gelatin, albumin

• Lipids: triglycerides, fatty acids, sterols

• Calcium phosphate

• Silica

• Iron oxide 

Inorganic materials

• Calcium phosphate •

•Silica

• Iron oxide '

Biodegradable nanoparticles for pharmaceutical use are prepared from a variety of 

synthetic and natural polymers. Synthetic polymers such as polyacrylates, 

polycaprolactones, polylactides and its copolymers with polyglycolides are widely used. 

Polymer (PLGA)

A wide spectrum of synthetic and natural polymers is available for nanoparticles 

formation, but their biocompatibility and biodegradability are the major limiting factors 

for their use in the drug delivery area. Natural polymers are more restricted due to 

variation in their purity. Also, some natural polymers require crosslinking, which can 

inactivate the entrapped drug (Hans, M.L. et al., 2002). Synthetic polymers, on the other 

hand, offer better reproducibility of the chemical characteristics of the synthesized

nanoparticles as compared to the natural polymers. Synthetic polymers from the ester
5 1 i

family, such as poly(lactic acid), poly(-hydroxybutyrate), poly(caprolaetone), 

poly(dioxanone), or other families such as poly(cyanoacrylates), poly(acrylic acid), 

poly(anhydrides), poly(amides), poly(ortho esters), poly(ethylene glycol), and poly(vinyl 

alcohol) are suitable for drug delivery due to their biodegradability, special release 

; profiles and biocompatibility (Ghosh, S. et al., 2004). Poly(lactide-co-glycolide acid) 

(PLGA), from the ester family, has been widely used in the biomedical industry as a 

major components in biodegradable sutures, bone fixation nails and screw. It is a well-
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characterized polymer, its degradation sub products are non toxic, it provides controlled 

drug release profiles by changing the PLGA copolymer ratio which affects the 

crystallinity (low crystallinity, more amorphous polymer means more fast degradation) of 

PLGA (Moghimi, S.M. et ai 2001). For these reasons, PLGA has been selected as the 

polymer of choice in the present research. PLGA of different molecular weights (from 10 

kDa to over 100 kDa) and different copolymer molar ratios (50:50, 75:25, and 85:15) is 

available on the market. Molecular weight and copolymer molar ratio influence the 

degradation process and release profile of the drug 4 entrapped. In general, low molecular 

weight PLGA with higher amounts of glycolic acid offer faster degradations rates 

(Alexis, F. et al., 20,05).

lift, mica I strectur© of PIMA, polymer. • ifhe component represents
lactic acid and Bn“.©Qmpofiafrt 

-represents §tycollc acid.

Figure:. 2.3. Chemical Structure of PLGA

FDA approved biodegradable and biocompatible polymers, poly (D, L-lactide-co- 

glycolide) (PLGA) in the with a therapeutic agent encapsulated into the polymer is widely 

used for localized ,and sustained drug and macro-molecular delivery (Jayanth Panyama et 

al., 2003)

Pharmaceutical nanoparticles are submicron-sized, colloidal vehicles that carry drugs to 

the target or release drugs in a controlled way in the body. After preparation, 

nanoparticles are usually dispersed in liquid. Such a system can be administered to 

humans for example by injection, by the oral route, or used in ointments and ocular 

products. Alternatively, nanoparticles can be dried to a powder, which allows pulmonary 

delivery or further processing to tablets or capsules. In drug delivery, nanoparticles 

should readily be biocompatible (not harmful for humans) and biodegradable (deteriorate 

and expulse in the body conditions). These properties, as well as targeting and controlled 

release, can be affected by nanoparticles material selection and by surface modification.
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Materials such as synthetic polymers, proteins or other natural macromolecules are used 

in the preparation of nanoparticles. To process these materials into nanoparticles, a 

variety of preparation techniques exist ranging from polymerization of monomers to 

different polymer deposition methods (Kreuter, J. et al., 1994 and Pinto Reis et al., 

2006).

Nanoparticles in pharmaceutical applications have gained plenty of research attention 

during recent decades (Couvreur, P. et al., 2006). Although the research concerning 

formulation of nanoparticles into drug delivery devices has been extensive, only a few 

polymeric nanoparticulate products have reached the market. One known product, 

Abraxane™, consist of intravenously administered 130nm nanoparticles prepared from 

the protein albumin bound with paclitaxel, a drug used in cancer therapy (Rios, M. et al., 

2006). Another cancer drug, Doxorubicin Transdrug®, consisting of doxorubicin-loaded 

poly(isohexylcyanoacrylate) nanoparticles is currently at the Phase II/III clinical trials 

(Bio-Alliance Pharma., 2006). Among the drugs used in nanoparticles formulations, 

particularly cancer therapeutics are widely studied because the formulation might reduce 

toxicity' of the drug while improving efficacy of the treatment. In addition to drug 

molecules, other candidates to be encapsulated in or coupled with nanoparticles include 

macromolecules like proteins, peptides and genes (nucleic acids) (Morishita, M. et 

al.,2006 and Cohen, H. et al., 2000). These kinds of molecules tend to be inactivated in 

the body by enzymatic degradation. In terms of controlled release, nanoparticles provide 

protection against the body conditions resulting in sustained release maintenance of 

bioactivity before the drug reaches the target. After intravenous administration, nano 

sized particles are mainly taken up by the macrophages of the mononuclear phagocyte 

system (MPS) (Grislain, L. et al., 1983, Ilium, L. Davis et al., 1982) and, thus, can be 

localized in the liver, spleen and lungs (Couvreur, P. et al, 1980). By modifying particle 

surface, e.g., by coating, defense mechanisms of the body can be avoided to some extent 

leading to longer circulation times of nanoparticles in the blood (Storm, G. et al., 1995). 

Tailored coating also enables another promising application of nanoparticles: drug 

delivery across the blood-brain barrier (BBB) (Garcia-Gareia et al., 2005). From the 

intestine, after oral administration, intracellular uptake may occur and prior to that, the 

nanoparticles can adhere to the mucosa (bioadhesion) and thus improve pharmacokinetics 

of the drug (Florence, A.T. et al., 1997). As a summary of the above mentioned facts, the 

benefits of nanoparticles include protection of the encapsulated pharmaceutical substance, 

improved efficacy, fewer adverse effects, controlled release and drug targeting.

24



Literature review

Correspondingly, potential active substances in nanoparticles formulations could be 

expensive molecules applicable in small amounts.

At the present time, several successful laboratory-scale nanoparticulate drug targeting 

systems are available (Pinto Reis, C et al., 2006), and some processes have been scaled up 

(Galindo-Rodriguez et al, 2005) the time approaches when an increasing number of 

nanoparticulate drug delivery systems reach the market and the systems are transferred 

from animal tests to human use, concerns about the safety of the products are emerging. 

More attention will be paid to stability and toxicology of nanoparticles and their 
constituents. According to recent opinion, proper physicochemical characterization of 

nanoparticles should be included in risk assessment and toxicology considerations of
' \ i' ,

nanoparticulate systems, in addition to pharmaceutical in Ivitfo ;and in vivo testing 

(Oberdorster, G. et al., 2005).

Preparation of nanoparticles

Two main procedures can be followed to form polymeric nancjparticles, namely top-down 

and bottom-up techniques. The top-down methods use size reduction to obtain controlled- 

size nanoparticles. This size reduction is based on the application of strong shear stress by 

wave sound emission (sonication), high pressure (microfluidization), and high speed 

agitation (homogenization). The bottom-up methods start from individual molecules to 

form nanoparticles, by polymerization. The polymerization methods commonly used are 

emulsion polymerization (water in oil, oil in water, and polymerization in bicontinuous 
structures), dispersion polymerization, and interfacial polymerizajion (Nakache, E. et al., 

2000). Monomers, initiators, additives, and solvent are the basic chemical components 

used in the polymerization methods. The main drawbacks of :the bottom-up methods are 

the presence of residual sub-products in the final nanoparticles that can impart toxicity to 

the nanoparticles, ; the difficulty in the prediction of polymer molecular weight, affecting 
the biodistributiori and release behavior of the drug fromj the nanoparticle; and the 

possibility for drug inhibitions due to interactions, or cross . reactions of the drug with

activated monomers and H+ ions present during polymerization |(De Jaeghere, F. et al., .
; .1,

1999). To overcome these limitations, top-down methods were developed using naturals 

and synthetic polymers. The emulsion evaporation, salting out, nanoprecipitation, and 

emulsion diffusion are the main top-down methods used to form polymeric nanoparticles. 

modifications of these methods have been developed in an attempt to avoid the use of 

toxic solvents and surfactants, to improve drug entrapment efficiency and nanoparticles 

stability, and to more efficiently use energy in droplet size reduction. All these methods
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involve two liquid phases, the organic phase which can dissolve the polymer and the 

other hydrophobic components, and the continuous aqueous phase.

1. Dispersion of preformed polymers (Kumaresh, S. et al., 2001 and Mohanraj, VJ. et 

al., 2006)

Several methods have been suggested to prepare biodegradable NPs from PLA, PLG, 

PLGA and poly(e-caprolactone) by dispersing the preformed polymers.

1.1. Solvent evaporation method

In this method, the polymer is dissolved in an organic solvent like dichloromethane, 

chloroform or ethyl acetate. The drug is dissolved or dispersed into the preformed 

polymer solution, and this mixture is then emulsified into an aqueous solution to make an 

oil (O) in water (W) i.e., O/W emulsion by using a surfactant/emulsifying agent like 

gelatin, poly(vinyl alcohol), polysorbate-80, poloxamer-188, etc. After the formation of a 

stable emulsion, the organic solvent is evaporated by increasing the 

temperature/under pressure or by continuous stirring. The W/O/W method has also been 

used to prepare the water-soluble drug-loaded NPs. Both the above methods use a high

speed homogenization or sonication. However, these procedures are good for a 

laboratory-scale operation, but for a large-scale pilot production, alternative methods 

using low-energy emulsification are required. In this pursuit, following approaches have 

been attempted.
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1.2. Spontaneous emulsification /solvent diffusion method

In a modified version of the solvent evaporation method the water-soluble solvent like 

acetone or methanol along with the water insoluble organic solvent like dichloromethane 

or chloroform were used as an oil phase. Due to the spontaneous diffusion of water- 

soluble solvent (acetone or methanol), an interfacial turbulence is created between two 

phases leading to the formation of smaller particles. As the concentration of water- 

soluble solvent (acetone) increases, a considerable decrease in particle size can be 

achieved.

1.3. Salting out

This technique, involves the addition of polymer and drug solution in a slightly water- 

miscible solvent such as acetone to an aqueous solution containing the salting, out agent 

and a colloidal stabilizer under vigorous mechanical stirring. When this O/W emulsion is 

diluted with a sufficient volume of water, it induces the formation Of nanoparticles by 

enhancing the diffusion of acetone into the aqueous phase.

1.4. Emulsification-diffusion

This method is derived from the salting-out procedure. It involves adding of a polymer 

solution, in partially; water miscible solvent (such as ethyl acetate, benzyl alcohol, 

propylene carbonate) presaturated with water, to an aqueous solution containing stabilizer 

under vigorous stirring. The subsequent addition of water to the system destabilizes the
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equilibrium between the two phases and causes the solvent to diffuse into the external 

phase, resulting in reduction of the interfacial tension and in nanoparticles formation.

1.5. Solvent displacement/Nanoprecipitation

This method is usually employed to incorporate lipophilic drugs into the earners based on 

the interfacial deposition of a polymer following displacement of a semi-polar solvent 

miscible with water from a lipophilic solution. The particle formation is based on 

precipitation and subsequent solidification of the polymer at the interface of a solvent and 

a non-solvent. Thus, the process is often called solvent displacement or interfacial 

deposition. The polymer is dissolved in a water miscible organic solvent (or solvent 

mixture) and added to an aqueous solution, in which the organic, sol vent diffuses. Particle 

formation is spontaneous, because the polymer precipitates in the aqueous environment. 

According to the current opinion, the Marangoni effect is considered to explain the 

process solvent flow, diffusion and surface tensions at the interface of the organic solvent 

and the aqueous phase cause turbulences, which form small droplets containing the 

polymer. Subsequently, as the solvent diffuses out from the droplets, the polymer 

precipitates. Finally, the organic solvent is typically evaporated with the help of a 

vacuum. No emulsification step (which is usually part of a nanoparticles preparation 

process), laborious processing conditions or special laboratory ware is needed. The size.of 

the nanoparticles prepared by nanoprecipitation varies typically from 100 to 500 nm 

(Schwendeman, S. et a}., 1997).
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2. Polymerization method (Kumaresh, S. et al., 2001 and Mohanraj, V.J. et al., 2006)

In this method, monomers are polymerized to form nanoparticles in an aqueous solution. 

Drug is incorporated either by being dissolved in the polymerization medium or by 

adsorption onto the nanoparticles after polymerization completed. The nanoparticles 

suspension is then purified to remove various stabilizers and surfactants employed for 

polymerization by ultracentrifugation and re-suspending the particles in an isotonic 

surfactant-free medium. This technique has been reported for making 

polybutylcyanoacrylate or poly (alkylcyanoacrylate) nanoparticles. Nanocapsule 

formation and their particle size depend on the concentration of the surfactants and 

stabilizers used.

Two types of polymerization processes have been adopted to prepare polymeric 

nandparticles

1. Dispersion polymerization: Dispersion polymerization starts with monomer, an 

initiator, solvent in which the formed polymer is insoluble, and a polymeric 

stabilizer. Polymer forms in the continuous phase and precipitates into a new 

particle phase stabilized by the polymeric stabilizer. Small particles are formed by 

aggregation of growing polymer chains precipitating from the continuous phase as 

these chins exceed a critical chain length. Coalescence of these precursor particles 

with themselves and with their aggregates results in the formation of stable 

colloidal particles, which occurs when sufficient stabilizer covers the particles.

2. Emulsion polymerization: In this technique the monomer is emulsified in non

solvent containing surfactant, which leads to the formation of monomer swollen 

micelles and stabilized monomer droplets. The polymerization is performed in the 

presence of initiator. Emulsion polymerization may be performed using either 

organic or aqueous media as continuous phase. Poly (methyl methacrylate), poly 

(alkyl cyanoacrylate), acrylic' copolymer, polystyrene, poly(vinyl pyridine) and 

polyacrolen nanoparticles are prepared by emulsion polymerization technique.

3. Coacervation or ionic gelation method (Kumaresh, S. et al., 2001 and Mohanraj, 

V J. et al., 2006)

Much research has been focused on the preparation of nanoparticles using biodegradable 

hydrophilic polymers such as chitosan, gelatin and sodium alginate. Calvo et al 1997 
developed a method for preparing hydrophilic chitosan nanoparticles by ionic gelation. 

The method involves a mixture of two aqueous phases, of which one is the polymer 

chitosan, a di-block co-polymer ethylene oxide or propylene oxide (PEO-PPO) and the
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other is a polyanion sodium tripolyphosphate. In this method, positively charged amino 

group of chitosan interacts with negative charged tripolyphosphate to form coacervates 

with a size in the range of nanometer. Coacervates are formed as a result of electrostatic 

interaction between two aqueous phases, whereas, ionic gelation involves the material 

undergoing transition from liquid to gel due to ionic interaction conditions at room 

temperature.

Incubation incubation

Figure: 2.4. Sequential adsorption of polyelectrolytes on a charged particle.

(Sukhorukov, G.B. et ah, 1998 and Decher, G. et ah, 1997)

4. Production of Nanoparticles (NPs) using supercritical fluid technology

(Kumaresh, S. et al., 2001)

Production of NPs with the desired physicochemical1 properties to facilitate the targeted 

drug delivery has been a topic of renewed interest in pharmaceutical industries. 

Conventional methods like solvent evaporation, coacervation and in situ polymerization 

often require the use of toxic solvents and/Or surfactants . Therefore, research efforts have 

been directed to develop the environmentally safer encapsulation methods to produce the 

drug-loaded micron: and submicron size particles’ If solvent impurities remain in the drug- 

loaded NPs, then these become toxic and-may degrade'the pharmaceuticals within the 

polymer matrix. Supercritical fluids have now became the attractive alternatives because 

these are environmentally friendly solvents and the method can be profitably used to 

process particles in high purity and without, any trace amount of the organic solvent.

In the rapid expansion of supercritical solution (RESS) method the solute of interest is 

solubilized in a supercritical fluid and the Solution is expanded through a nozzle. Thus, 

the solvent powef of super- critical fluid dramatically decreases and1 the "solute eventually 

precipitates. This technique is clean because the precipitated solute is completely solvent- 

free. Unfortunately, most polymers exhibit .little or no solubility in supercritical fluids, 

thus making the technique less of practical interest. RESS was very popular in fhe late 80s 

and early 90s for particle production of bioerodible drug-loaded polymers like PLA. A 

uniform distribution of drug inside the polymer matrix can be achieved by this method for
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low molecular mass (10 000) polymers. However, the RESS method cannot be used for 

high molecular mass polymers due to their limited solubility in supercritical fluids. For 

these reasons, much less information is found in the literature over the past 6-7 years on 

this technique.

In the supercritical anti-solvent (SAS) method the solution is charged with the 

supercritical fluid in the precipitation vessel containing solute of interest in an organic 

solvent. At high pressures, enough anti-solvent will enter into the liquid phase so that the 

solvent power will be lowered and the solute precipitates. After precipitation, when the 

final operating pressure is reached, the anti-solvent flows through the vessel so as to strip 

the residual solvent. When the solvent content has been reduced to the desired level, the 

vessel is depressurized and the solid product is collected. A schematic of the SAS method 

is shown in Figure: 2.5.

Figure; 2.5. Schematic diagram of the SAS method: PV1 and PV2 are two 
volumetric pumps, N is nozzle, P is precipitation vessel, MV is micrometric valve 
and EV is expansion vessel (Kumar’s, S. et al., 2001).

Stability of Nanoparticles

Freeze-drying is one of the well established methods for the preservation of unstable 

molecules over long periods of time. (Corveleyn, S. et al., 1996; Diminsky, D. et al., 

1999; Li B. et al., 2000). Most studies have shown a good preservation of the 

physicochemical properties of the particles when the lyoprotectant was employed in a 

sufficient concentration.
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Characterization methods of Nanoparticles

Characterization of the nanoparticles earner systems to thoroughly understand the 

properties is essential before putting them to pharmaceutical application. After 

preparation, nanoparticles are characterized at two levels. The physicochemical 

characterization consists of the evaluation of the particle size, size distribution, and 

surface properties (composition, charge, hydrophobicity) of the nanopartieles. The 

biopharmaceutical characterization includes measurements of drug encapsulation, in vitro 

drug release rates, and in vivo studies revealing biodistribution, bioavailability, and 

efficacy of the drug.

There are many sensitive techniques for characterizing nanopartieles, depending upon 

the parameter being looked at; laser light scattering (LLS) or photon correlation 

spectroscopy (PCS) for particle size and size distribution; scanning electron microscopy 

(SEM), transmission electron microscopy (TEM), and atomic force microscopy (AFM) 

for morphological properties; X-ray photoelectron spectroscopy (XPS),: Fourier transform 

infrared spectroscopy (FTIR),a and nuclear magnetic resonance spectroscopy (NMR) for 
surface chemistry; and differential scanning calorimetry (DSC) for thermal properties 

(Figure below). Parameters such as density, molecular weight, and crystallinity affect 

release and degradation properties, where as surface charge, hydrophilicity, and 

hydrophobicity significantly influence interaction with the biological environment.

Figure: 2.6.Various techniques to characterize nanopartieles.

Particle size and Morphology:

Particle size and size distribution are the most important characteristics of nanopartieles 

systems. They determine the in vivo distribution, biological fate, toxicity and the targeting
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ability of nanoparticles systems. In addition, they can also influence the drug loading, 

drug release and stability of nanoparticles. Generally nanoparticles have relatively higher 

intracellular uptake compared to microparticles and available to a wider range of 

biological targets due to their small size and relative mobility. Drug release is affected by 

particle size. Smaller particles have larger surface area, therefore, most of the drug 

associated would be at or near the particle surface, leading to fast drug release. Whereas, 

larger particles have large cores which allow more drug to be encapsulated and slowly 

diffuse out 30. Smaller particles also have greater risk of aggregation of particles during 

storage and transportation of nanoparticles dispersion. It is always a challenge to 

formulate nanoparticles with the smallest size possible but . maximum stability. 

(Mohanrajs, V.J. et al., 2006). Nan particles size is critical not only in determining its 

release and degradation behaviour (Dunne, M. et al, 2000) but also in determining the 

efficacy of the therapeutic agent by affecting tissue penetration or even intracellular 

uptake. Particle size can be determined by Photon correlation spectroscopy, Scanning 

electron microscopy (SEM), Transmission electron microscopy (TEM), Atomic force 

microscopy.

Surface chemistry analysis: X-ray photon spectroscopy, Fourier transform infrared 

spectroscopy, nuclear magnetic spectroscopy are the techniques employed to analyze the 

surface chemistry.

Molecular weight: Polymer molecular weight influences the nanoparticles size, 

encapsulation efficiency and degradation rate of the polymer, hence, affecting the release 

rate of the therapeutic agent. A low molecular weight polymer can be used to prepare 

small-sized nanoparticles but at the expense of reduced encapsulation efficiency. (Hans,
' ■ ' ■ i * M > ■

M. L. et al, 2002).-The average molecular weights and polydispersity of the polymers are 

found by size exclusion .chromatography.

Crystallinity: The physical state of: both the drug and the polymer are determined 

because this will have an influence on the in vitro and in vivo release characteristics of 

the drug. The crystalline behavior of polymeric: nanoparticles, is: studied using X-ray 

diffraction and thermo-analytical methods such as differential scanning calorimetry 

(Ubrich, N. et al., 2004) (DSC) and differential thermal analysis (DTA) (Oh, I. et al., 

1999) DSC and X-ray diffraction techniques are often combined to get useful information 

on the structural characteristics of both drugs and polymers.

Surface charge: The zeta potential of a Nanoparticle is commonly used to characterize 

the surface charge property of nanoparticles. It reflects the electrical potential of particles
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and is influenced by the composition of the particle and the medium in which it is 
dispersed. Nanojmrticles with a zeta potential above (+/-) 30 mV have been shown to be 

stable in suspension, as the surface charge prevents aggregation of the particles 

(Mohanraj, V J. et al., 2006). The zeta potential can also be used to determine whether a 

charged active material is encapsulated within the centre of the nanocapsule or adsorbed 

onto the surface. Zeta potential is measure of the surface charge of the nanoparticles. The 

zeta potential value can influence particle stability and mucoadhesive as well as 

intracellular trafficking of nanoparticles as a function of pH. High zeta potential values, 

either positive or negative, should be achieved in order ensures stability and avoids 

aggregation of the particles. The extent of surface hydrophilicity can then be predicted 

from the values of zeta potential (Soppimath et al., 2001). Surface charge is generally 

determined by well-known electrophoresis method with the help of zetasizer (Panagi, Z. 

etal, 2001).

Encapsulation efficiency and drug release studies:

The encapsulation efficiency depends on the preparation method, nanoparticles size, 

molecular weight and nature of the polymer and drug. It is mostly measured by HPLC. 

HPLC assay analyses, size exclusion chromatography, and spectroscopic measurements 

are used to monitor drug release from nanoparticles. All of these techniques require 

separation of liberated drug from nanoparticles dispersion. To develop a successful 

nanoparticulate system, both drug release and polymer biodegradation are important 

consideration factors. In general, drug release rate depends on: (1) solubility of drug; (2) 

desorption of the surface bound/ adsorbed drug; (3) drug diffusion through the 

nanoparticles matrix;. (4) nanoparticles matrix erosion/degradation; and (5) combination 

of erosion/diffusion process. Thus solubility,-; diffusion and biodegradation of the matrix 

materials govern the release process. Various methods which can be used to study the in 

vitro release of the drug are: (1) side-by-side diffusion cells with artificial or biological 

membranes; (2) dialysis bag diffusion technique; (3) reverse dialysis bag technique; (4) 

agitation followed by ultracentrifugation/centfifugation; (5) Ultra-filtration or centrifugal 

ultra-filtration techniques. Usually the release study is carried out by controlled agitation 

followed by centrifugation. Due to the time-consuming nature and technical difficulties 

encountered in the separation of nanoparticles from release media, the dialysis technique 

is generally preferred (Mohanraj, V.J. et al., 2006).
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Drug-polymer interactions

Drag loading can be performed during the preparation of nanoparticles or by 

adsorbing/absorbing in preformed particles. Within the particle-forming polymer, drag 

can be present as a solid solution (individual drug molecules) or as a solid dispersion 

(amorphous/crystalline drug). It can be adsorbed on the particle surface [150] or bound 

chemically within the nanoparticles (Page-Clisson et al., 1998). The preparation process 

can also modify the crystal structure of the drag. The polymer is usually amorphous or 

semi-crystalline. Differential scanning calorimetry (DSC), (powder) x-ray difffactometry 

(XRPD) and FTIR are commonly used techniques to reveal the physicochemical state and 

possible interactions of the drug and the polymer in pharmaceutical micro- and 

nanoparticles. Polymer MW is determined e.g. by size exclusion chromatography (SEC) 

[58, 70] (the term gel permeation chromatography (GrPC) is interchangeably used 

(Panyam, J. et al., 2003). DSC detects phase transitions such as glass transition, 

(exothermic) crystallization and (endothermic) melting: the nanOparticle sample is heated 

and changes in heat flow, compared to reference, are registered .(Dubemet, C. et al., 

1995). Crystallinity/amorphicity properties are obtained from XRPD analysis when 

diffraction pattern, of the x-ray from the sample is determined; as a function: of scattering
; ' ' . ' • " i'

angle (Suryanarayanan, R., et al., 1995). In ETIR, a vibrational spectrum, characteristics 

for a given crystal structure, is obtained (Brittain, H.G, et al., 1991).'

2.2.6. Liposomes ; ,

Liposomes are vesicles in Which an aquequs volume is entirely enclosed by a membrane 

composed of lipid molecules, usually phospholipids (Figure: 2.7). Spontaneously formed 

upon dispersion in aqueous media, the size of such vesicles can range from tens of 

nanometers to tens of microns in diameter; In pharmaceutical sciences, liposomes have 

been used traditionally as formulation, ingredients to assist; in’formulation of poorly 

soluble therapeutic agents for oral or parenteral administration. The antibiotic 

amphotericin B is an example of a marketed drug that makes use of this formulation 

principle for intravenous infusion (Gulati et al., 1998),
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Figure: 2.7. Schematic representation of membranes: Liposome structure (left 
panel) and human cell membrane (right panel).

Both of them are formed by phospholipid molecules that have arranged themselves to 

form a membrane. Under certain physical conditions they will spontaneously form 

liposomes (left panel) whose walls are very similar in construction to the actual cell 

membrane shown on the right side.

Liposomes can contain large amounts of small molecules either within their aqueous 

interior or dissolved in the lipophilic region of their membrane bilayers. Enzymes have no 

longer access to the encapsulated substance which is hence protected from degradation 

and metabolism. This is one of the reasons why such liposomal delivery systems acquired 

much attention during the last years. Liposomes can be made of natural constituents. 

Their membrane is very similar to natural cell membranes (Figure: 2.7) and provides 

great convenience as models for membrane systems. Such naturally occurring 

constituents are cholesterol, phospholipids or fatty acids that make them a biocompatible 

land safe vehicle for medical in vivo applications. Those favourable properties can be 

adjusted by chemical modifications of the phospholipid-bilayer membrane of the 

liposome. Chemical modifications, such as saturation or pegylation of phospholipids are 

well established and numerous possibilities are described, which results in a vast 

versatility and flexibility of such phospholipid-bilayer membrane liposomes.

Pegylation of liposomes

Pharmacokinetics of conventional liposomes, i.e. liposomes that consist of naturally 

occurring phospholipids and cholesterol, are characterized by a very high systemic 

plasma clearance. After intravenous administration, such vesicles are rapidly removed 

from the circulation by macrophages of the reticuloendothelial system, namely the liver, 

the spleen, and the bone marrow. The liposome half-life in the circulation can
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considerably be prolonged by incorporation of gangliosides (such as

monosialoganglioside GM1 derived from bovine brain or polyethylene glycol (PEG) 

derivatized lipids within the phospholipid bilayer of conventional liposomes. 

Conventional liposomes coated with the inert and biocompatible polymer PEG are.often 

referred to as ‘sterically stabilized’ liposomes. The PEG coating is believed to prevent 

binding of opsonins from physiological fluids such as plasma, which in turn avoids the 

recognition by phagocytotic cells PEG phospholipids are safe and can be prepared 

synthetically at high purity and in large quantities, which has led to their acceptance for 

clinical applications. Animal and human studies have demonstrated pronounced 

differences with respect to pharmacokinetic parameters between conventional and 

sterically stabilized PEG-liposomes: in humans, pegylation of liposomes resulted in a 50- 

fold decrease in plasma volume of distribution to a’value .similar to the plasma volume 

(from 200 to 4.5 liters), a 200-fold decrease in systemic plasma clearance (from 22 to 0.1 

1/hour) and a nearly 100-fold increase in area under the time-concentration curve. The 

apparent terminal half-life of PEG-liposomes reached up to 90 h in humans; The extended 

circulation half-life of sterically stabilized liposomes in combination with an increased 

permeability of tumor vasculature results in passive accumulation of PEG-liposomes in 

solid end-stage tumors. This principle of passive targeting to tumor tissue has been 

applied to commercial formulations; of doxorubicin used for the chemotherapy of 

malignant Kaposi’s sarcoma or breast cancer. h i ; ' .

Aside from the effects described above, pegylation of liposomes offers an additional 

advantage. As it has been shown several times, incorporation of PEG derivatized lipids 

within the phospholipid bilayer provides liposomes with an enhanced stability. The 

underlying mechanism-is in particular inhibition of membrane fusion, whereat PEG acts 

on three independent levels: First, inhibition of phospholipase C-induced liposome fusion, 

second, prevention of membrane apposition and third, stabilization of the lamellar phase. 

These effects may act together and lead, along with formerly discussed items, to a 

remarkably enhanced lifetime of liposomal carrier systems in vivo.
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Statically-Stabilized

liposoms

Conventional.
liposome

Figure: 2.8. Diagram of a drug-loaded liposome both with (SSL) and without (CL) a 
PEG coating. (A): or an equivalent, HSPC, is the primary phospholipid component, 
whereas Cholesterol (B) is the neutral lipid component. PEG-DSPE (C) is 
incorporated at concentrations of 4 to 6 mol% in SSL formulations.

I

Classification of Liposomes (Abdus Samad, Y et al., 2007)

Liposomes are classified on the basis of:

1. Structure.

2. Method of preparation.

3. Composition and application.

4. Conventional liposome.

5. Specialty [liposome.
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1. Classification Based on Structure

Table: 2.1.Vesicle Types with their Size and Number of Lipid Layers

Vesicle type Abbreviation Diameter size No of Lipid 
bilayer

Unilamellar vesicle UV All size range One
Small Unilamellar 
vesicle

SUV 20-100 nm One

Medium
Unilamellar vesicle

MUV More than 100 nm One

Large Lamellar 
vesicle

LUV More than 100 nm One

Giant Unilamellar 
vesicle

GUV More than 1 micro 
meter

One

Oligolamellar vesicle OLV 0.1-1 micro meter" Aprrox. 5
Multilamellar vesicle MLV More than 1 micro 

meter
Multi . .
compartmental
structure

2. Based on Method of Preparation

Table: 2.2. Different Preparation Methods and the Vesicles Formed by these 
Methods

Preparation method Vesicle type
Single or oligo lamellar vesicle made by reverse phase 
evaporation method

REV

Multi lamellar vesicle made by reverse phase evaporation 
method

MLV-REV

Stable pluri lamellar vesicle SPLV
Frozen and thawed multi lamellar vesicle FATMLV ;
Vesicle prepared by extrusion techniques VET
Dehydration Rehydration method DRV

3. Based on Composition and Application

Table: 2.3. Different Liposome with their Compositions

Type ;of Liposome Abbreviation Composition
Conventional liposome CL Neutral or negatively charge 

phospholipids and cholesterol
Fusogenic liposome RSVE Reconstituted sendai viriu envelops
pH sensitive liposomes “ Phospholipids such as PER or DOPE 

with either CHEMS or OA ,
Cationic liposomes - Cationic lipid with DOPE
Long circulating liposomes LCL Neutral high temperature, cholesterol 

and 5-10% PEG, DSP
Immuno liposomes IL CL or LCL with attached monoclonal 

antibody or recognition sequence
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Based Upon Conventional Liposome

1 - Stabilize natural lecithin (PC) mixtures

2- Synthetic identical, chain phospholipids

3- Glycolipids containing liposome 

Based Upon Speciality Liposome

1- Bipolar fatty acid

2- Antibody directed liposome.

3- Methyl/ Methylene x- linked liposome.

4- Lipoprotein coated liposome. ,

5- Carbohydrate coated liposome. >

6- Multiple encapsulated liposome.

Preparation of Liposomes ;

An important parameter to be considered when preparing the liposome is the rigidity of 

bi-layers. There are several groups of phospholipids that can be used for the liposome 

preparation which, are as follows: i i ' . ,

1. Phospholipids from natural source

2. Phospholipids modified from natural squrce
3. Semi synthetic phospholipids

4. Fully synthetic phospholipids and

5. Phospholipids with natural head groups

Dilauryl phosphotidyl choline (DLPC), Dimyristoyl phosphotidyl choline (DMPC), 

Dipalmitoyl phosphotidyl choline (DPPC), Distearoyl phosphotidyl choline (DSPC), 

Dioleolyl phosphotidyl choline (DOPC), Dilauryl phosphotidyl ethanolamine (DLPE), 

Dimyristoyl phosphotidyl ethanolamine (DMPE), Distearoyl phosphotidyl ethanolamine 

(DSPE), Dioleoyl phosphotidyl ethanolamine (DOPE), Dilauryl phosphotidyl glycerol 

(DLPG),- Distearoyl phosphotidyl serine (DSPS) are the commonly used phospholipids 

for liposome preparation (Table : 2.4). Cholesterol can he;added to the; bilayer mixture 

- for the following purposes: - - ... ; ,

1. Act as a fluidity, buffer

2. Act as intercalate with phospholipids molecules

Alters the freedom of formation of carbon molecule in the acyl chain

3. Restrict the transformation of Trans to gauche conformation. ;
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Table: 2.4. Phospholipids and Cholesterol which are Used for the Preparation of 
Liposome and their Transition Temperature (Tc) and Molecular Weights (Freise, J. 
et al., 1986)

Phospholipids Abbreviation Charge Tc(V) Mol. Wr.

Brain Sphingomydlin BSPM 0 32 SI4

Cholesterol CH 0 35?

DimyriiKwl phosphatidylcholine DM PC 0 23 678

Drpalmitoyl phosphatidylcholine DPPC Oil 734

Distmoyl phosphatidylcholine DSPC (1 58 WO

Dioleyl phosphatidylcholine DOPC 0 -22 756

DSaruryl pfcosphatidylglyccrol TOG -1 4 633

Dimyristoyi phosphatsdylglycenjl DM PC .1 23 659

Dspalmiiqyl phospharidylgh-ccrat DPPG -J 4t 745

Dtilcaroyi photpbafidviglyctroi DSPG -1 55 796

Phosphatidyl ethanolamirse PE 0 48 720

Dimyristoyl phosphatidyl etbaanhircrtc DMPE fl .. 636

Dipalmituyl phosphatidyl cihanolammc DPPE 0 60 692

Dtdearoyl phosphatidyl ethunolatninc DSPE 0 « 748

Diraynstoy! PA DMPA -2 51 618

Dipaimitoyi PA DPPA •2 6? 649

Diotcoyl PA DQPA .2 .. 701

Dipaimitoyi phosphatidyl serine Dm 48 758

Diccty! phosphate DCF •1 - 547

Rajendran et al 1997 prepared liposome from egg lecithin by modified ether injection 

technique using stearylamine added dicetylphosphate as the charge inducing agent- The 

Charged liposomes were larger in the size and showed better drug entrapment efficiency 

and were found more entrapped in the organs of the reticuloendothelial system than 

neutral liposome. It was also shown that cholesterol decreased the permeability 

coefficients of negative, neutral as well as positively charged membranes to Na+, K+, Cl- 

and glucose. Cholesterol also stabilized the membranes against temperature changes, 

leading to lower permeability at elevated temperatures. Cholesterol is essential for 

lowering membrane permeability, and imparting better stability. Cholesterol also 

modulates membrane- protein interactions. The polymorphic phase behavior of lipids is 

modulated by a variety’ of factors including hydration, temperature and divalent cations, 

degree of unsaturation of the acyl chains and the presence of Other lipids such as sterols. 

Lasic et al 1993 tried active trapping of amphipathic weak bases inside liposomes by 

using pH induced transmembrane potential establishment. Doxorubicin was used as a 

model drug. Triton X-100 has been observed to affect the physical properties of 

liposomes. Solubilizing effect of Triton X-100 on the membranes composed of different 

phospholipids and cholesterol has been evaluated. The measured changes indicated a 

drastic structure transformation into entities of fairly high dipolar moment leading to
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solubilization of phospholipids membranes. The three different strategies for the 

preparation of liposomes are as follows:

1. Mechanical methods

2. Methods based on replacement of organic solvent

3. Methods based on size transformation or fusion of prepared vesicle

1. Mechanical methods

A. Film Method

The original method of Bangham et al 1965 is still the simplest procedure for the 

liposome formation but having some limitation because of its low encapsulation 

efficiency. In this technique liposome are prepared by hydrating the thin lipid film in an 

organic solvent and organic solvent is then removed by film deposition under vacuum. 

When all the solvent get removed, the solid lipid mixture is hydrated using aqueous 

buffer. The lipids spontaneously swell and hydrate to form liposome. This method yields 

a heterogeneous sized population of MLVs over 1 micro meter in diameter. Nagarsenkar 

et al 1997 prepared lidocaine encapsulated liposome employing the conventional lipid 

film hydration technique. The prepared liposomal dispersions were investigated, the 

results showed that lidocaine incorporated into the liposomes got selectively partitioned 

and localized in the skin to a greater extent, A topical liposomal gel formulation 

containing 2% w/w lidocaine was prepared using cabopol-934 as the gelling agent. The 

liposome preparation of lidocaine gave a much longer duration of action compared to the 

. conventional topical formulation. Ridy et al 1997 prepared oxamniquine liposomes with 

different compositions and surface charge were prepared by the chloroform film method. 

The amount of oxamniquine entrapped was estimated. Negatively charged liposomes 

exhibited the;highest percentage entrapment (23.09%). The maximum oxamniquine 

entrapment was achieved in liposomes prepared from phospholipid molar ratio (7:4:1). 

The chemoprophylactic effect of free and oxamiquine liposome formulations was 

estimated and' showed that drug encapsulated in liposomes, provided more efficient 

prophylaxis.

B. Ultrasonic Method

: This method is used for the preparation of SUYs with diameter in the range of 15-25 pm. 

Ultrasonication of an aqueous dispersion of phospholipids is done by two types of 

sonicators i.e. either probe sonicators or bath sonieators. The probe sonicators are used for
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the small volume which requires high energy while the bath sonicators are employed for 

the large volume (Hwang, K.J. et al., 1987).

2. Methods Based on Replacement of Organic Solvents

In this method lipids are co-solvated in organic solution, which is then dispersed into 

aqueous phase containing material to be entrapped within the liposome. This method is of 

two types:

A. Reverse Phase Evaporation

The lipid mixture is added to a round bottom flask and the solvent is removed under 

reduced pressure by a rotary evaporator. The system is purged with nitrogen and lipids 

are re-dissolved in the organic phase which is the phase in which tire reverse phase 

vesicle will form. Diethyl ether and isopropyl ether are the usual solvents of choice. After 

the lipids are redissolved the emulsion are obtained and than the solvent is removed from 

an emulsion by evaporation to a semisolid gel under reduced pressure. Non encapsulated 

material is then removed. The resulting liposomes are called reverse phase evaporation 

vesicles (REV). This method is used for the preparation of large uni-lamellar and oligo- 

lamellar vesicles formulation and it has the ability to encapsulate large macromolecules 

with high efficiency. Pleumchitt et al. 2000 showed the physicochemical properties of 

phospatidylcholine cholesterol liposomes containing amphotericin B prepared by reverse 

phase evaporation method. The liposomes containing amphotericin B 2.0 mol % of total 

lipid demonstrated the highest percentage of drug entrapment. The highest drag 

entrapment efficiency (approx. 95%) with particle size range of 1307- 1451 nm was 

obtained with, the formulation containing 1:1 molar ratio of phosphatidycholine to 

cholesterol.

B. Ether Vaporization Method

There are two method according to the solvent used:

1- Ethanol injection method.

2- Ether injection method.

In ethanol injection method, the lipid is injected rapidly through a fine needle into an 

excess of saline or other aqueous medium. In ether injection method the lipid is injected 

very slowly through a fine needle into an excess of saline or other aqueous medium.

3. Methods Based on Size Transformation or Fusion of Preformed Vesicle 

A. Freeze Thaw Extrusion Method

The freeze thaw method is an extension of the classical DRV method. Liposomes formed 

by the film method are vortexed with the solute to be entrapped until the entire film is
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suspended and the resulted MLVs are frozen in luke warm water and than vortexed again. 

After two cycles of freeze thaw and vortexing the sample is extruded three times. This is 

followed by six freeze thaw cycle and addition eight extrusions. This process ruptures and 

defuses SUVs during which the solute equilibrates between inside and outside and 

liposome themselves fuse and increase in size to form large Unilamellar vesicle by 

extrusion technique (LUVET). For the encapsulation of protein this method is widely 

used. Canto et al 1999 prepared liposomes of soya phosphatidylcholine, cholesterol and 

stearylamine (molar ratio 6/3/1) and 0.1 % x tocopherol by the extrusion of multi- 

lamellar vesicles through 0.2 pm polycarbonate membrane. They analyzed free piroxicam 

at 4 mg/kg, piroxicam encapsulated in liposomes and added to 1.5% 

hydroxyethylcellulose (HEC) gel at 1.6 mg/kg, and piroxicam encapsulated in liposomes 

and added to HEC gel at 4 mg/kg. The inhibition of inflammation obtained was 21.1%, 

32.8% and 47.4% respectively. These results showed that the encapsulation of piroxicam

. produced an increase of topical anti-inflammatory effect.

' B. The Dehydration- Rehydration Method

: In' this method the empty buffer containing SUVs and rehydrating it with the aqueous 

fluid containing the material to be entrapped after which they are dried. This leads to a

dispersion of solid lipids in finely subdivided form. Freeze drying is often the method of
1 •;

, choice. The vesicles are than rehydrated. Liposomes obtained by this method are usually 

oligo lamellar vesicle. Bhalerao et al 2003 prepared liposome by the conventional thin 

film hydration technique. The result showed that the formation of bi-layered liposomes in 

the particle size range of 0.2-0.8276 pm occurred with a maximum entrapment efficiency 

of 42.6%. The liposomes stored at 4-5oC showed maximum stability as compared to 

those stored at any other temperature.

Sizing of Liposomes

Size characteristic of liposome have a major effect on their fate i.e. for which application 

they can be used for. The therapeutic applications of liposome are dependent on physical 

integrity and stability of lipid bilayer structure. Therefore liposome production procedure 

must be predictable and reproducible with particle size distribution within a certain size 

range. Lipid based formulation can be devised as site specific drug delivery vesicles that 

are:
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1. Relatively cleared by kupffer cells of liver and the macrophages

2. Evade detection of active substance by the reticuloendothelial system (RES) and 

efficiency deliver liposome incorporated material to target tissue, organ or tumor. Sizing 

of liposome are usually performed by sequential extrusion at relatively low pressure 

through polycarbonate membrane (PCM). The membrane extrusion technique can be used 

to process LUVs as well as MLVs to form LUVETs. The membrane (PCM) is of pore 

size 0.27 micrometer. The other procedure of sizing of the liposomes are gel 

chromatography , mainly used to size liposome but more typically used to remove 

encapsulated components by separation. Sonication is the third method of sizing of 

liposomes, but this method is related with following disadvantages:

• Exclusion of oxygen is difficult which result in per oxidation reaction

• Titanium probes shed metal particle resulting in contamination

• They can generate aerosols, which exclude them with from use with certain agents 

These above problems are mainly related with the probe sonication but these problems 

can be removed by using the bath sonication.

Characterization of Liposomes

After preparation and before use in immunoassay the liposome must be characterized. 

Evaluation could be classified into three broad categories which' are physical, chemical 

and biological methods. The physical methods; include various parameters, which are size, 

shape, surface features, lamellarity phase behaviors and drug release profile.

Ma et al 1993 evaluated structural integrity of liposomal phospholipids membrane by a 

new technique of gamma-ray perturb angular correlation .(FAC) spectroscopy. In this 
luIn-label diethyene triamine penta acetic acid (DTPA) derivative dipalmitoyl 

phosphatidyl ethanolamine (DPPE) lipid were incorporated in the SUVs. This helped in 

the continuous non- invasive monitoring of the microenvironment of the'lipid bilayer. 

Kolchens et al 1993 used; quasi elastic .light scattering (QELS) or photon correlate 

spectroscopic (PCS) technique for determining distribution of vesicles prepared by 

freeze-thaw extrusion method; The influence of filter pore size, extrusion press, and lipid 

concentration on the size and size distribution extruded vesicles was studied. Chemical 

characterization includes those studies which established, the purity and potency of 

various liposomal constituents. Biological characterization is helpful in establishing the 

safety and suitability of formulation for the in vivo use for therapeutic application. The
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characteristics of the carrier through appropriate choice of membrane components, size 

and charge determines the final behavior of liposomes both in vitro and in vivo as well. 

Jousma et al 1987 characterized the vesicles obtained by repetitive extrusion through 

polycarbonate membranes using freeze fracture electron microscopy, small angle X-ray
•3 1

scattering (SAXS), and encapsulated volume using 6-carboxy flurescein (6-CF) and p- 

NMR as aqueous markers.

Characterization of Liposomes with their Quality Control Assays (Jones, G. R. et al

1989)

A. Biological characterization

• Characterization parameters

• Sterility

• Pyrogenicity

• Animal toxicity

B. Chemical characterization

• Characterization parameter

• Phospholipids concentration

• Cholesterol concentration

• Drug concentration

• Phospholipids per oxidation

• Phospholipids hydrolysis

• Cholesterol auto-oxidation

• Anti-oxidant degradation

• PH

• Osmolarity

C. Physical Characterization

• Characterization parameter

• Vesicle shape, and surface morphology

• Vesicle size and size distribution

• . Surface charge

• Electrical surface potential and surfaee- 
pH sensitive probe

-Instrument for analysis 

-Aerobic/anaerobic culture 

-Rabbit fever response 

-Monitoring survival rats

-Instrument for analysis

-HPLC/Barrlet assay

-HPLC / cholesterol oxide assay

-Assay method

-UV observance

-HPLC/TLC

-HPLC/TLC

-HPLC/TLC

-PH meter

-Osmometer

-Instrument for analysis

-TEM and SEM

-Dynamic light scattering, TEM

- Free flow electrophoresis

-Zeta potential measurement and pH
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• Lamellarity -P31NMR

• Phase behavior -DSC, freeze fracture electron
Microscopy

• Percent capture -Mini column centrifugation, gel
Exclusion

• Drug release -Diffuse cell/'dialysis

Stabilization of Liposome

The stability of liposome should meet the same standard as conventional pharmaceutical 

formulation. The stability of any pharmaceutical product is the capabilities of the delivery 

system in the prescribed formulation to remain within defined or pre established limits for 

predetermined period of time. Chemical stability involves prevention of both the 

hydrolysis of ester bonds in the phospholipids bilayer and' the oxidation of unsaturated 

sites in the lipid chain. Chemical instability leads to physical instability or leakage of 

encapsulated drug from the bilayer and fusion and finally aggregation of vesicles. Chen et 
al 1987 introduced the pro-liposome concept of; liposome preparation to avoid 

physicochemical instability encountered in liposome suspension such as aggregation, 

fusion, hydrolysis, and/or oxidation. Approaches that can be taken to increase liposomal 

stability involve efficient formulation and lyophillization. Formulation involves the 

selection of the appropriate lipid composition, concentration of bilayer, aqueous phase
■ • , . t

ingredients such as buffers, antioxidant, metal chelators :and cryoprotectants. Charge 

inducing lipid such as phosphotidyl glycerol can be incorporated into liposome biiayer to 

decrease fusion while cholesterol and sphingomyellin can he included in the formulation 

to decrease permeability and leakage of encapsulated'drugs. Buffers: at neutral pH can 

decrease hydrolysis; addition of antioxidant such as; sodium ascorbate can decrease 

oxidation. Oxygen potential is kept to minimum! during processing by nitrogen purging 

solution. In general successful formulation of stable liposomal drug product requires the 

following precautions:

1. Processing with fresh, purified lipids and solvents.

2. Avoidance of high temperature and excessive shear forces

3. Maintenance of low oxygen potential (Nitrogen purging)

4. Use of antioxidant or metal chelators

5. Formulating at neutral pH.

6. Use of lyoprotectant when freeze drying
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2.2.7. Super critical fluid technology

Conventional preparation of liposomes unfortunately involves evaporation of organic 

solvent, preparation of vesicles by sonication, and dialysis to provide Unilamellar 

vesicles. Use of SCF CO2 to provide a “clean" and effective alternative to traditional 

methods of drug processing, related to micronization, encapsulation, and impregnation of 

molecules of interest to pharmaceutical industry; formation of micronsized particles with 

SCF C02 by rapid expansion of supercritical solutions (RESS) or phase separation by gas 

saturated solutions (PGSS), gas antisolvent (GAS) techniques by solubilizing the drug in 

an organic solvent and introducing SCF to solubilize the solvent and allow the drug to 

precipitate and also incorporating drugs into controlled matrices; based on these 

techniques, nanoparticles of cyclosporine A in phospholipid and ibuprofen nanoparticles 

in aqueous solution were made. In the gas antisolvent (GAS) technique, in which the gas 

is used as an antisolvent to reduce the solvating power of the organic solvent, the ability 

of the SCFs to dissolve and expand the organic solvents for precipitation of solids from 

organic solution is exploited (Udaya Sankar Kadimi et al., 2007). Conventional drug 

particle precipitation uses organic solvents as an antisolvent for precipitation or as 

emulsifiers for emulsion process. Traces of residual organic solvents, such as methylene 

chloride, that may still be in the drug particles have motivated researchers to find 

alternative methods for particle formation.!;Organic solvent use should be limited for 

pharmaceutical manufacturing operations, based on United States Pharmacopeia (USP) 

standards. An alternative to reduce this problem is to use supercritical carbon dioxide 

(CO2) as an antisolvent to precipitate drug particles from solution since CO2 is 

nonflammable, non-toxic, inexpensive, renewable, and environmentally benign (McHugh, 

M.A. et al., 1994). - =

Toxic, flammable,'volatile, combustible, and expensive organic solvents are used in 

considerable amounts in many industrial processes. As a possible alternative to reduce 

health, environmental, and safety risks, supercritical or near critical fluids* especially 

carbon dioxide aire considered. A substance is in its supercritical state at conditions above 

the critical temperature and pressure. The substance is then neither a gas nor a liquid but 

possesses properties of both. The density is liquid like, the viscosity is gaseous, and the 

diffusion coefficient lies between that of gas and liquid. In the supercritical state a change 

in the density of the fluid can be easily obtained by manipulation of pressure and/or 

temperature (Lene Frederiksen et al., 1997).
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In order to successfully design a CO2 antisolvent process, it is important to understand the 

effects of the operating parameters on particle characteristics. However, very few authors 

have explained experimental particle size and morphology results in light of current 

hydrodynamic, kinetic and thermodynamic theories (Bristow, S. et ah, 2001).
i

Furthermore, the development of unique methodologies for optimizing these parameters 

to . control particle size is essential. Thus far very few authors have been able to analyze 

particle nucleation and growth inside the precipitation vessel due to the extremely short 

time scale of drug precipitation. Online monitoring techniques to understand the 

fundamental mechanisms of dense gas precipitation are limited by the high-pressure 

environment (Thiefing, R. et al., 2001). The progression of the precipitation process is 

therefore hard to record and the effects of start-up and shut down of the process cannot be 

determined. This dissertation attempts to address these issues by demonstrating a 

technique for monitoring and determining, the thermodynamic, fluid dynamic, and 

crystallization mechanisms that are important for designing and optimizing different CO2 

antisolvent processes for the formulation of small crystalline drug products. Furthermore, 

other applications for the use of CO2 antisolvent process in improving drug crystallinity 

and drug encapsulation are presented.

Benefits of carbon dioxide as an antisolvent

Researchers have developed particle formation methods that utilize the unique properties

of. supercritical fluids. A fluid is said to, be supercritical when the pressure and

temperature are higher than its critical pressure (PC) and critical temperature (TC). Some

of the most common inorganic used for supercritical technology are listed in Table: 2.5.

Table: 2.5. Critical parameters for some common inorganics used for supercritical 
technology ■ ; * '^________________________________ ________________
Gas TC (K) PC (kPa) Tb (K at 100 kPa)

Helium 3.31 110 3.2
Nitrogen 126 3400 77.4
Carbon Dioxide 304 7380 (gas-solid)
Water 647 22100 373

Out of all the available supercritical fluids, carbon dioxide is the best processing medium 

in the pharmaceutical industries because it is non-toxic, affordable, has a relatively mild 

critical temperature (304 K) and low critical pressure (7.38 MPa) and a very high 

volatility. A representative phase diagram of the C02 system is shown in a representative 

phase diagram of the CO2 system is shown in Figure: 2.9.
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''Tie,mpep?itiiii’e!; ■

Figure: 2.9. Phase diagram of CO2 system '

A supercritical fluid (SCF) is characterized by physical and I thennal properties that are 

between those of the pure: liquid and gas. The fluid density, is a strong function of the 

temperature and: pressure; The diffusivity of SF is much higher than for a liquid and SCF 

readily penetrates porous and fibrous solids. Consequently, SCF can offer good catalytic

activity. •' '• ■■ . •'
: . : ' f. - • S',

Properties of Supercritical Fluids .

There 'are drastic changes in some important properties Of a pure liquid as its temperature

and pressure is increased ^approaching the; thermodynamic critical: point. For example,

under thermodyjiamic-equilibrium conditions, the visual distinction between liquid and

gas phases, as well .as the, difference between the liquid and gas densities, disappear at and
above the critical point.' Similar drastic changes exist-:in proper|ties|oiEj ;a liquid mixture as it

approaches the thermodynamic critical loci; of the. mixture. Other properties of,a liquid

fuel that change widely near the critical region are thermal conductivity, surface tension,

constant-pressure heat capacity and viscosity. In comparing a; liquid sample! with a

supercritical fluid (SCF) sample of the same fuel both possessing the same density,

thermal , conductivity and diffusivity of a SF are higher than the liquid, its viscosity is

much .lower, while its surface tension and heat of vaporization have completely

disappeared. These drastic changes make a supercritical fuel appreciably preferred over 
: 1 ; !! ' '1. - . ■ . 

that of a liquid fuel with the same density. Further, it is expected that the combustion
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phenomena resulting from that of a supercritical fuel will be quite differerjlrjffp'm that of a -

<j c>5 .
liquid fuel. Applications of SCF include recovery of organics from oil shale,• separations

- iff
ot biological fluids, bioseparation, petroleum recovery, crude de-aspfialting and.

^ ; - - '

dewaxing, coal processing (reactive extraction and liquefaction), selective 

fragrances, oils and impurities from agricultural and food products, pollution control, 

combustion and many other applications

Figure: 2.10. Schematic diagram of Supercritical fluid particle former.

In addition to these advantages, supercritical CO2 possesses fluid properties intermediate 

between liquid and gas. Around the critical point, properties such as density, viscosity, 

solvency, diffusivity can all be manipulated by changing either pressure or temperature 

(McHugh, M.A. et al., 1994). Supercritical CO2 has both a gas-like viscosity and a liquid

like density. The low viscosity compared to other liquids such as water allows CO2 to 

have a faster transport rate for particulate formation processes. The diffusion coefficient 

for CO2 into solvent is very large compared to conventional liquid antisolvents. This 

results in rapid mixing to initiate nucleation inside the solvent droplets. A typical 

nucleation rate of a solute in a CO2 antisolvent process is on the order of 10-5 to 10-4 s. 

Furthermore, for the application of particle design, supercritical fluids are desirable since 

they have controllable solvating power. By adjusting the pressure and temperature, CO2 

can extract the organic solvent and dry the particles in a continuous and single step 

process. Since supercritical CO2 create non-oxidizing and non-degrading environments
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for sensitive compounds, the drying process causes less damage to drug particles 

compared to conventional solvent evaporation process.

Table: 2.6. Critical conditions of commonly used supercritical solvents (D. R. Lide, 
1994)

Fluid Tc (oC) Pc (bar)
Ethylene 9.3 50.4
Carbon dioxide 31.1 73.8
Nitrous oxide 31.3 73.8
Ethane 32.3 48.8
Chlorodifluoromethane 96.0 51.9
Propylene 91.8 46.2
Propane 96.7 42.5
Ethanol 240.8 61.4 .
Water 374.1 217.7 :

Carbon dioxide antisolvent particle formation methods

There are many different processes that use CO2 either as a solvent or an antisolvent for 

particle formation applications. This section will review these processes and the 

applications with which they are normally associated.

1. Rapid expansion of supercritical solutions (RESS)

The process of rapid expansion of supercritical solutions (RESS) produces particles by 

spraying a supercritical solution with the dissolved solute through a nozzle into 

atmospheric conditions to rapidly expand the supercritical fluid, resulting'.in a highly 

supersaturated solution and rapid precipitation. The resulting high-pressure drop creates 

very high jet velocity to atomize the droplets; A diagram of the process is seen in Figure:

! Figure: 2.11. RESS system design
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There are many applications using this type of process for coatings (Chernyak, Y. et ah, 

2001), microparticles processing of polymers and drugs, and encapsulation of the drug 

with a polymer. The benefit of RESS is that it is fairly simple and requires only the use of 

one capillary nozzle for the expansion process. The major limitations of its use for 

pharmaceutical application are that the solute has to be able to dissolve in the supercritical 

fluid at appreciable amounts in order to be viable for manufacturing (Debenedetti, P.G. et 

ah, 1993). A realistic assumption for the production rate of drugs would be around 90.7- 

1814 kg per annum, which equates to about 10-230 g/h. Typical solubility of a crystalline 

drug such as acetaminophen is only soluble up to 0.005486 kg/m3 in high pressure CO2 

with a density of 854.07 kg/m3, which will make the RESS process highly unprofitable. 

Since most small molecules, proteins, and biodegradable polymers are not very soluble in 

supercritical C02 (York, P. et ah, 2004), there would be a need to use harmful organic co

solvents in order to enhance the solubility of the target drug. Furthermore, there has not 

been much success with the encapsulation of drugs in a polymer matrix with RESS due to 

the difficulty in dissolving two components in supercritical C02 and controlling the 

different time scales needed for sequential precipitation of the drug and polymer.

2. Particles from gas saturated solutions (PGSS)

The particles from gas saturated solutions or PGSS process involves injecting 

supercritical C02 into either a melted or liquid-suspended substance first, which leads to a 

gas saturated suspension. The suspension is then expanded through a nozzle to produce 

fine particles similar to spray drying. PGSS can formulate drugs that normally do not 

dissolve in C02, which expands the number of compounds that can be treated by this 

technique. This process however is more promising for making particles from materials 
that normally absorb C02 at high levels such as polymers (Reverclion, E. et al., 2001). A 

diagram of the PGSS system is shown in Figure: 2.12.
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Figure: 2.12.PGSS system design

Sievers RE et al 1999 patented a similar process for preparation of protein particles that 

allows the proteins to dissolve in water without the use of organic solvents.

Figure: 2.13. Sievers et at 1999 design for the production of proteins with PGSS 

without use of organic solvents

The CO2 at high pressure is mixed with water at a low volume tee, which forms an 

emulsion before expanding to atmospheric pressure and high temperature to form drug 

particles. A problem with this design is that water under contact with CO2 will form 

carbonic acid from CO2 and lower the pH to as low as 3 (Holmes, J.D. et al., 1999) which 

may potentially denature proteins and other sensitive pharmaceutical compounds. 

Another problem is that this process prevents encapsulation of the drug since most 

biodegradable polymers are not water-soluble (McHugh, M.A. et al., 1994).
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3. Gas antisolvent (GAS)

The gas antisolvent (GAS) process uses a dense gas such as CO2 as an antisolvent to 

precipitate out the drug from a batch solution. In order for the process to work, CO2 needs 

to be appreciably miscible with the solvent and the drug needs to be insoluble with CO2 at 

the operating pressure and temperature range. The precipitator is initially filled with a 

solution at a certain drug concentration and temperature. The rapid injection of 

compressed CO2 into the vessel mixes with the solution and causes a volumetric 

expansion of the system reducing the bulk density of the solution, which in turn lowers 

the solvating power of the solvent. Due to the rapid mass transfer of compressed CO2 into 

the solvent, the mixing of the two fluids is very fast and results in smaller and more 

uniform particles as compared to conventional processes such as “salting out” that uses 

either electrolytes or non-electrolytes. Furthermore, the GAS process has also been shown 

to retain the biomolecular activity of proteins such as lysozyme, meaning that the process 

is suitable for sensitive biomolecules (Winters, M.A. et al., 1999).' A diagram of the GAS 

process is shown in Figure: -2.14.
Vent

Figure: 2.14. GAS system design |

GAS is more versatile than RESS since the process does not rely on the solubility of the 

compound in compressed CO2.. Particle formulations of a variety of drug and polymer 

compounds that are normally not significantly soluble in pure CO* have been 

demonstrated with; the GAS process (Warwick, B. et al., 2000). Several works have also 

demonstrated GAS fractionation for different compounds ranging from small molecule 

drugs to macromolecules (Muhrer, G. et al., 2003). Very few authors have attempted to 

use GAS for encapsulation of drug in a biodegradable polymer because of the difficulty in 

controlling the time scales! of precipitation of the drug and the polymer. GAS 

encapsulation has been done by either preparing the polymer separately from the drug
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precipitation or by using a semi-continuous GAS process, where the solution carrying the 

drug and polymers are sprayed into a C02-filled tank (Elvassore, N. et ah, 2001). Since 

there is a lot of solvent inside the vessel, a major disadvantage of GAS is the long drying 

time to reduce organic solvents from the particles to satisfactory levels. The residual 

solvent in some instances may not be fully removed especially in the case for polymer 

and protein products (Muhrer, G. et al., 2003). A solution to the drying step has been 

proposed in which the system was injected with carbon dioxide in the two-phase region 

where there is liquid and vapor antisolvent present inside the vessel. Another problem to 

consider with GAS is the long loading and unloading time between each experiment.

4. Supercritical antisolvent process (SAS)

Supercritical antisolvent process (SAS) is a semi-continuous process in which the 

solution with the product is sprayed through a specially designed nozzle into condensed 

gas in a pressurized vessel (Bleich, J. et al., 1993). The nozzle in SAS disperses the 

solution into the condensed gas phase inside the vessel to enhance mixing and mass 

transfer. SAS is also referred to as aerosol solvent extraction system (ASES) or 

precipitation with compressed antisolvent (PCA). A diagram of the SAS process is shown 

in Figure 2.15.

Figure 2.15. SAS system design

Similar to the GAS process, the C02 needs to be miscible with the solvent in order to 

precipitate the drug. Controlling how the solution disperses into compressed CO2 to 

initiate precipitation is important in controlling the particle size and morphology. Some 

authors have designed either different nozzle configurations or added ultrasound vibration 

at the nozzle tip to enhance the mixing and diffusion of C02 into the solution to initiate 

precipitation (Chattopadhyay, P. et al., 2001). The C02 and solution can also mix inside a 

low volume area before being sprayed inside the vessel. The ease in changing the system 

configuration to tune the product characteristics is what makes SAS very attractive. Thus 

far in the literature, SAS seems to offer the best particle formation method due to its

Pump Valve P“!?P
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capability to produce smaller and more uniform particles compared to the GAS process as 

a result of the enhanced mixing between the antisolvent and drug solution (Fusaro, F. et 

al., 2005). The semi-continuous nature of the process allows for generation of large 

amounts of drug products without the need to stop the system, which makes SAS an 

attractive manufacturing process compared to GAS. Furthermore, the solvent inside the 

vessel is constantly extracted and removed from the system during the experiment to give 

SAS an added advantage to the more time consuming drying associated with the GAS 

process. The presence of less solvent inside the vessel during the SAS experiments 

compared to GAS generally results in less agglomeration of the particles. Both GAS and 

SAS are milder processes for preventing drug degradation and loss of activity for 

biomolecules as compared to conventional organic solvent ;“salting out” methods 

(Winters, M.A. et al,, 1996). SAS has been used in processing different materials such as 

pigment powders [61], semiconductor precursors (Reverchon,', E. et al., 1998) and 

..inorganic crystals (Yeo, S.D. et ah, 2000). Single component particle design for many 

pharmaceutical compounds have been widely studied with varying results with respect to 

morphology and particle size (Reverchon, E. et aL, 2000): The particular focus for single 
component; precipitation is in controlling polymer morphology^ and shape with SAS 

process for use in controlled release applications (Reverchon, E. et al., 1999). Due to the 

ease of separating the time scale of precipitation for the;drug and the polymer by either 

changing the nozzle design or by adding multiple injection nozzles, many authors have 

shown that the drugs can .be encapsulated in a single process at appreciable amounts.
; 5. Solution enhanced dispersion by supercritical flikidsi(SEDS|

f .( ; ' j < r' !j ■ _ ,

Solution enhanced dispersion by supercritical fluids (SEDS) was developed by Hanna and 

York (Hanna, M. et al., 1994) to improve on the idea of SAShyjlphangmg the design of 

the nozzle to enhance mixing of the solution and to control microparticle formation. The 

system borrows from the benefits of,SAS in that the drug, of interest does not heed to be 

dissolved in CO2 and toxic solvents can be reduced of eliminated in a single continuous 

process. The uniqueness of SEDS rests in the design of the, nozzle, which uses the idea of 

coaxial tube geometry to simultaneously deliver the solution and the antisolvent. A 

diagram of this configuration taken from experiments, conducted in this dissertation is 

depicted in Figure: 2.16.
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0.00318 m O.D. 0.00159 m O.D. with 
and 0,00152 m I.D. varying t.D. (dj)
316 S.S. tubing 316 s.s. tubing

Figure: 2.16. SEDS coaxial tubing design used for the present study

Prior to spraying the particles into the pressurized precipitation vessel through a nozzle 

constriction, the solvent carrying the product mixes rapidly with the supercritical fluid in 

jh small volume area called the mixing length (Li). The mixing length is believed to 

enhance mixing and initiate nucleation before the particles are sprayed into the collection 

vessel (Manna, M. et al., 1994). Furthermore, Hanna and York explained that the design 

would allow for better control of parameters such as temperature, pressure, and flow rate 

at the point of nucleation inside the mixing length. Similar to other antisolvent processes, 

SEDS is a mild precipitation process for sensitive pharmaceutical compounds, such as 

proteins, that causes minimal loss of activity (Moshashaee, S., M. et al., 2000). The 

flexibility of SEDS lies in'the fact that the coaxial tubing can be arranged in different 

configurations to allow for more flexibility in controlling encapsulation of biomolecules 

(Ghaderi, R. P. et al., 2000). SEDS has been shown to be able to control particle size of 

many drugs and polymers by adjusting the temperature, pressure, flow rate, and 

concentration (Ghaderi, R. P. et al., 2000).

Applications of Supercritical fluid technology for Particle Engineering

SCFs can be applied to a variety of other applications where nano- and micro dimensions 

Of the drug material in excipients are important for drug release. These include the 

following.

Production of nanoparticles using supercritical fluid technology

Conventional methods such as solvent extraction-evaporation, solvent diffusion and 

organic phase separation methods require the use of organic solvents which are hazardous
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to the environment as well as to physiological systems. Therefore, the supercritical fluid 

technology has been investigated as an alternative to prepare biodegradable micro- and 

nanoparticles because supercritical fluids are environmentally safe. A supercritical fluid 

can be generally defined as a solvent at a temperature above its critical temperature, at 

which the fluid remains a single phase regardless of pressure. Supercritical CO2 (SC 

C02) is the most widely used supercritical fluid because of its mild critical conditions (Tc 

= 31.1 °C, Pc = 73.8 bars), non-toxicity, non-flammability, and low price. The most 

common processing techniques involving supercritical fluids are supercritical anti-solvent 

(SAS) and rapid expansion of critical solution (RESS). The process of SAS employs a 

liquid solvent, eg methanol, which is completely miscible with the supercritical fluid (SC 

CO2), to dissolve the solute to be micronized; at the process conditions, because the solute 

is insoluble in the supercritical fluid, the extract of the liquid solvent by supercritical fluid 

leads to the instantaneous precipitation of the solute, resulting the formation of 

nanoparticles. Thote and Gupta et al 2005 reported the use of a modified SAS method for 

formation of hydrophilic drug dexamethasone phosphate drug nanoparticles for 

microencapsulation purpose. RESS differs from the SAS process in that its solute is 

dissolved in a supercritical fluid (such as supercritical methanol) and then the solution is 

rapidly expanded through a small nozzle into a region lower pressure , Thus the solvent 

power of supercritical fluids dramatically decreases and the solute eventually precipitates. 

This technique is clean because the precipitate is basically solvent free. RESS and its 

modified process have been used for the product of polymeric naiioparticles. Supercritical 

fluid technology technique, although environmentally friendly and suitable for mass 

production, requires specially designed equipment and is more expensive (Mohanraj et 

al., 2006).

Polymer Foams

Since a fast removal of dissolved CO2 can be achieved by rapid depressurization, this 

behavior can be used to create foams especially that of poly (lactide-co-glycolide) 

(PLGA) polymer, because CO2 has a good solubility in this approved polymer. Hile et al 

2000 prepared PLGA foam capable of sustained release of basic fibroblast growth factor 

for tissue engineering applications. To prepare the foam, a water-in-oil microemulsion 

consisting of an aqueous protein phase (typical reverse micelle domain size of 5-10 nm) 

and an organic polymer solution was prepared. The microemulsion was filled in molds 

and then placed in a pressure vessel. Now, the pressure vessel was pressurized with 

supercritical CO2, to extract the organic phase, causing the polymer to precipitate onto the
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protein droplets. Now the vessel is purged with more CO2 to remove the solvent from the 

system. Finally, the vessel is depressurized in 10-12 see causing rapid removal of the 

CO2 that was dissolved in the polymer, making a porous foamy structure.

Liposomes

Liposomes, in which nanodomains of drug are stabilized using lipids, are useful drug 

earners for both small and macromolecular drugs. Unfortunately, the conventional 

methods of making liposomes require large amounts of organic solvents and have 

difficulty with scale-up for hydrophilic drugs. Lipids actually have some solubility in 

supercritical CO2, and this behavior has been used to form liposomes without using 

organic solvents. For example, Fredereksen et al 1997 dissolved a phospholipid 

(l-palmitoyl-2-oleoylphosphatidylcholine) and cholesterol in supercritical C02 using 7% 

ethanol cosolvent. The mixture is expanded into an aqueous state containing fluorescein 

isothiocyanate (FITC)-dextran at low pressure. Because of the sudden reduction in the 

solubility of the phospholipid and the cholesterol at the nozzle tip, liposome 

encapsulating FITC-dextran was formed. The process yielded 200-nm-size liposomes 

(termed as critical fluid liposomes) with 20% encapsulation efficiency. The main benefit 

of this process is the significantly reduced use of organic solvent. Castor and Chu et al 

1998 prepared liposomes containing hydrophobic drugs, such as paclitaxel, 

camptothecins, doxorubicin, vincristine, and cisplatin. These formulations including 150- 

250-nm paclitaxel liposomes are claimed to be more effective against tumors in animals 

compared to commercial formulations.

Inclusion Complexes

Inclusion compounds, such as inclusion of poorly water-soluble drugs in cyclodextrin, are 

useful in enhancing bioavailability. Basically, the lipophilic drug is included in the 

lipophilic interior of the cyclodextrin molecule. The exterior of the cyclodextrin molecule 

is hydrophilic, and hence the whole complex can be dissolved in water. Inclusion can be 

achieved when both the drug and the cyclodextrin molecules are in a dissolved state, i.e., 

have a higher molecular mobility as compared to the solid forms. In conventional 

technique, both are dissolved in an organic solvent and then the solvent is removed. 

Unfortunately, the concentration of the residual solvent is high in the final product (Lin, 

S.Y. et al., 1989). Supercritical CO2 processes allow preparation of drug- cyclodextrin 

inclusion complexes without the use of organic solvents. This is because the interaction of 

supercritical CO2 with solid cyclodextrin makes the cyclodextrin molecules more fluid. 

This interesting plasticizing effect of supercritical C02 has been well known for organic
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polymers, for which the glass transition or melting can be achieved at a lower temperature 

with SC CO2. To make inclusion compounds, the physical solid mixture of the drug and 

cyclodextrin is exposed to supercritical CO2, and then rapidly CO2 is removed by 

depressurization.

Solid Dispersions

In many delivery applications, molecularly intimate mixtures (i.e., solid dispersion) of 

drug with excipients, such polymers are needed. An organic solvent, which can dissolve 

both, does bring the two in intimate contact while in solution. Unfortunately, when the 

solvent is removed by evaporation or by addition of a liquid antisolvent, the drug and the 

polymer phases precipitate out or separate. Hence, the dispersion of the two is poor in the 

solid state. Supercritical CO2 antisolvent induces the precipitation about 100-fold faster 

than the liquid antisolvent, not allowing enough time for the drug and the polymer 

domains to separate out. Thus, supercritical CO2 precipitation can provide a more 

dispersed solid mixture. Supercritical C02-based precipitation is superior to the liquid- 

based precipitation or the milling process. For example, a solid dispersion of 

carbamazepine in polyethyleneglycol (PEG)-4000, produced by CC^method, increased 

the rate and the extent of dissolution of carbamazepine (Moneghini, M. et ah, 2001). In 

this method, a solution of carbamazepine and PEG4000 in acetone was loaded in a 

pressure vessel, in which supercritical CO2 was added from the bottom to obtain solvent- 

free particles.

Safety and Health Issues

When dealing with supercritical carbon dioxide, there are two safety and health issues 

that , are to be kept in ', mind when designing and-operating the extractor: (i) the high 

pressure involved requires that personnel is protected from the plant by proper isolating 

walls and (ii) if carbon dioxide is released in the closed atmosphere it can- lead to 

asphyxiation, as it can replace the oxygen-in the surroundings. .

2.2.8; Polymer conjugates

Polymer conjugates, especially those prepared using N- (2-hydroxypropyl) methacrylate 

(HPMA) have been extensively studied for intracellular and Cytoplasmic drug delivery. 

HPMA conjugated to oligonucleotides via lysosomally degradable spacers were shown to 

enter the cytoplasm and nucleus of the cells (Jensen, K.D. et al., 2003). The polymer 

conjugates offer the flexibility of attaching specific targeting molecules that enable their 

accumulation in specific intracellular compartments. For example, efficient cytoplasmic
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and nuclear accumulation of the HPMA conjugates can be obtained by attaching either a 

NLS (Nuclear localization sequences) or a TAT peptide to the conjugate (Jensen, K.D. et 

al, 2003).

Polymeric conjugates for angiogenesis targeting

Polymeric conjugates have been used for targeted delivery of drugs to tumor sites because 

the attachment of drugs to water soluble polymer increases their solubility, reduces the 

side effect, and overcomes multi-drug resistance; the large size of conjugates increases 

blood half life and significantly alters the drug properties and pharmacokinetics; the 

conjugates can be tailor-made (i.e., side-chain content, molecular weight, charge etc.) for 

specific targeting and delivery needs; they can be designed to passively (EPR) or actively 

target tumor sites; and site specific drug release can be achieved by designing 

biodegradable spacers that can be enzymatically cleaved or that are pH sensitive. The 

. advantages have led to the development of a wide range of polymer-anti-cancer drug 

conjugates, some of which are currently in clinical trials.

Use of macromolecular carriers such as water-soluble polymer-drug conjugates has been 

recognized as a promising way to increase the therapeutic efficacy of low molecular 

weight drugs. The 'main concept is based on improving pharmacokinetic properties of low 

molecular weight drugs ancl targeting the diseased site. Conjugates of cytostatic drugs 

with polymeric carriers are being widely tested as potent new systems for cancer 

treatment. Although the idea of highly sophisticated polymeric: systems is, quite old, only 

. few of them have reached the preclinical and clinical testing.

! One. of the most promising systems is based on water soluble N-(2-hydroxypropyl) 

methacrylamide, (HPMA). HPMA homopolymer was originally developed by Kopecek 

and a colleague las plasma expander (Ruth Duncan et al., 2003) HPMA coplolymers has 

been employed; to modify the in vivo biodistribution of chemotherapeutics' agents and 

, enzymes. The advantage of HPMA copolymer over other water soluble polymers is that 

they can be tailor-made with simple chemical modification to regulate drug and targeting 

moiety content for biorecOgnization, internalization, or subcellular trafficking depending 

on specific therapeutics needs. The over all molecular weight of HPMA eoipolymers is 

determined, by the polymerization conditions, particularly the concentration of initiator
.! , ' i

j and chain transfer agents. Various side chain moieties (isotope cheater, targeting moieties 
' ! and drug) may be directly linked to the polymer chain via : a biodegradable'or non- 

biodegradable spacer.
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Advantage of HPMA copolymer:

Covalent binding of anticancer drags to HPMA copolymers can:

• Simultaneously improve the solubility of the drags.

• Prolong their blood circulation time.

• Increase accumulation in solid tumors as a result of enhanced permeability and a 

retention (EPR) effect.

• Overcome Glycoprotein-associated multidrag resistance and to have greater 

efficacy than the free drug.

In addition to the well-established targeting strategies, a rather new approach is to use 

receptor-binding epitopes as the biorecognition sites in HPMA copolymer conjugates that 

mediate specific interactions of the conjugates with receptor bearing cells. The design of 

macromolecular therapeutics must be based on a sound biological rationale. The HPMA 

copolymer-drug conjugate should be biorecognizable at two levels: at the plasma 

membrane to increase the recognition and internalization by a subset of target cells and 

intracellularly by lysosomal enzymes to release the drug from the carrier. The latter is a 

prerequisite for transport of the drug into the cytoplasm and nucleus resulting in 

biological activity.

The synthesis and characterization of N-(2- hydroxypropyl) methacrylamide (HPMA) 

copolymers for drag delivery are well established (Luet, Z.R. al., 2002). HPMA 

copolymers are biocompatible, nonimmunogenic and nontoxic water-soluble copolymers 

(Kpcecheke, J. et al., 2000). They can be used as a means to (1) restrict delivery of 

radionuclides and drags to the vascular space; (2) carry multiple aVh3 selective ligands 

(RGD4C) to target tumor associated capillary beds; and (3) allow bioactive agents to kill 

the new vessels. •

Mechanism of action of drug conjugates

Polymeric based delivery systems have .been used as carriers for passive and active 

targeting of drags in the treatment of various diseases and as novel imagine agents. 

Without a specific targeting ligand moderate-size (> 30 kD) polymer can passively (via 

EPR) accumulate in tumor tissues. The EPR effect has been used to deliver 

macromolecular bioactive agents to solid tumors including anti-angiogenic drugs.

There are number of important differences between small molecular weight drugs and 

polymeric conjugates of these small molecules. The advantages of polymer-based 

delivery system stem decreased extravasation in normal tissues because of the large
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molecular weight of the conjugates. Low extravasation of polymer conjugates in normal 

tissues generally results in reduced systemic toxicity. In this regard, predominant liver 

and kidney uptake of small RGD peptides has been identified as a significant 

disadvantage of targeting tumor angiogenesis with small peptides.

Figure: 2.17. Current understanding of the mechanism of action of polymer-drug 
conjugates.
[A] Hydrophilic polymer- drug conjugates administered intravenously can be designed to 

remain in the circulation — their clearance rate depends on conjugate molecular weight, 

which governs the rate of renal elimination.

(a) Drug that is covalently bound by a linker that is stable in the circulation is largely 

prevented from accessing normal tissues (including sites of potential toxicity), and 

biodistribution is initially limited to the blood pool.

(b) The blood concentration of drug conjugate drives tumor targeting due to the increased 

permeability of angiogenic tumor vasculature (compared with normal vessels), providing 

the opportunity for passive targeting due to the enhanced permeability and retention effect 

(EPR effect).

(c) Through the incorporation of cell-specific recognition ligands it is possible to bring 

about the added benefit of receptor-mediated targeting of tumor cells.

(d) It has also been suggested that circulating low levels of conjugate (slow drug release) 

might additionally lead to immuno stimulation.

(e) If the polymer-drug linker is stable in the circulation, for example, N-(2- 

hydroxypropyl) methacrylamide (HPMA) copolymer-Gly-Phe-Leu-Gly-doxorubicin, the
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relatively high level of renal elimination (whole body X\n clearance >50% in 24 h) 

compared with free drug (tm clearance -50% in 4 days) can increase the elimination rate. 

[B] On arrival in the tumor interstitium, polymer-conjugated drug is internalized by 

tumor cells through either fluid-phase pinocytosis (in solution), receptor-mediated 

pinocytosis following non-specific membrane binding (due to hydrophobic or charge 

interactions) or ligand-receptor docking. Depending on the linkers used, the drag will 

usually be released intracellularly on exposure to lysosomal enzymes (for example, Gly- 

Phe-Leu-Gly and polyglutamic acid (PGA) are cleaved by cathepsin B) or lower pH (for 

example, a hydrazone linker degrades in endosomes and lysosomes (pH 6.5-<4.0). The 

active or passive" transport of drugs such as doxorubicin and paciltaxel out of these 

vesicular compartments ensures exposure to their pharmacological targets. Intracellular 

delivery can bypass mechanisms of resistance associated with membrane efflux pumps 

such as p-glycoprotein. If > 10-fold, EPR-mediated targeting will also enable the
i ' i ■

.* s i

circumvention of other mechanisms of drug resistance. Non-biodegradable polymeric 

platforms must eventually be eliminated from the cell by exocytosis. Rapid exoeytic
: • i ’

elimination of the conjugated drug before release would be detrimental and prevent
/ ' ; , ! . ■

access to the therapeutic target. In general, polymeric carriers, do not access the cytosol
■ ‘ ' i'

Multidrug Resistance Protein (MRP). I .

Most of the anticancer-drug conjugates that have been tested clinically have used HPMA 

copolymers as the carrier (Table: 2.7).

Table: 2.7. Polymer-drug conjugates and polymeric mic'elles in clinical trials as 
anticancer agents- _________ ________ ■ i . __________

Compound Name Company Linker Status of
development

References

HPMA copolymer-
doxorubicin

PK1;
FCE28068

CRC/Pharmacia Amide , Phase II Huang, P. S. et al. 
Vasey, P. et al.

HPMA copolymer-
doxorabicingalactosam
ine

PK2;
FGE28069

CRC/Pharmacia Amide , Phase Eli Seymour, L. W. et
al.
Duncan, R. et al.

HPMA copolymer-
paclitaxel

PNU1669 
45 '

Pharmacia Ester Phase I Meerum Terwogt, J. 
M etal.

HPMA
copolymer-
camptothecin

MAG-
CPT,
PNU1661
48

Pharmacia Ester Phase I Schoemaker, N. E. 
et al.

HPMA
eopolymer-platinate

AP5280 Access Malonate Phase 1 Gianasi, E. et al.
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Peptide-targeted delivery has a basis in nature as many peptides are used as attachment 

ligands by bacteria and viruses. The use of peptides as ligands for receptor targeting has 

been investigated by several groups (Shadidi et ah, 2003). Peptide ligands have a number 

of advantages. These include their lower antigenic potential, making them less likely to 

cause an immune reaction. They are also easier to synthesize and characterize. Their 

smaller size means multiple peptides could be attached to a single nanoparticles 

conferring multivalent attachment. The most widely investigated receptor family for 

targeting with peptide ligands is the integrin family. These receptors are expressed on the 

neo-vasculature of various tumors and are involved in adhesion and cell signaling 

(Vander et al., 1994). Their peptide ligands are defined as arginine-glycine-aspartic acid 

(RGD) peptides, and comprise a range of linear and cyclic peptides containing the RGD 

motif (Arap et ah, 1998). Arap et al 1998 found that mice treated with RGD-targeted 

doxorubicin had greater survival than mice treated with doxorubicin alone in a murine 

tumour model. Many other targets are being investigated with peptide ligands targeting 

the tumor vasculature, cancer cell surface and surface immunoglobulins (Shadidi et ah, 

2003).

A major objective in the design of functionalized polymer surfaces for tissue engineering 

applications has been the covalent attachment of peptides that regulate cell adhesion: 

specifically those that promote integrin-mediated cell attachment (Shakesheff, K.M. et ah, 

1998 and Rezania, A. et ah, 1999). Since the. vast majority of mammalian cells are 

anchorage-dependent, they must attach and spread on a substrate to proliferate and 

function normally (Madri, J.A. et ah, 1988 and Baldwin, S.P. et ah, 1998). By controlling 

the surface properties of the substrate, cell attachment and growth in vitro can be altered 

(Kim, B;S. et ah, 1999). A great deal of work has focused on RGD containing peptides to 

regulate cell adhesion (Shakesheff, K.M. et ah, 1998, Besselink, G.A.J, et ah, 1998 and 

Chinn, J.A. et ah, 1998). Peptides containing the RGD (R=arginine, G=glycine, 

D=aspartic acid) sequence are considered important small cell-adhesive ligands 

(Shakesheff, K.M. etah, 1998, Besselink, G.AJ, et al., 1998). This cell-binding sequence 

is present in adhesive proteins like fibrinogen, vitronectin, collagens, and fibronectin 

(Ruoslahti, E. et ah, 1987). Membrane proteins of blood platelets, endothelial cells, and 

several other cell types can bind RGD-containing peptides whether the peptide is in 

solution or immobilized onto a solid surface (Hynes, R.O. et ah, 1992 and Plow, E.F et 

ah, 1986).
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RGD-based therapeutics that function either as agonists to promote the interaction of cells 

and tissues with artificial matrices, or as antagonists to control the nature of cell-cell and 

cell-ECM interactions (Craig, W. S. et al., 1995). At this state of the art many different 

RGD peptides have been developed. Linear and cyclic RGD peptides, and chemically 

designed peptidomifneticsare currently being tested by researchers.

RGD peptide classification 

Integrin superfamily

Integrins are .a family of cell-adhesion receptors which interact with the extracellular 

matrix (ECM) and the cytosolic components. Integrins transfer signals bidirectionaly via 

so-called inside out and outside-in signaling. They are heterOdimeric glycoproteins, 

consisting of an a and a p subunit. The schematic signaling pathway is activated by 

binding a ligand, clustering of integrins and cytoskeletal and lysosomal activation, shown 

in Figure: 2.18 (Duong, L. T. et al., 2000). This RGD-binding site is involved in cell 

morphology, differentiation, ’ proliferation and gene expression. Integrin signaling 

pathways are although responsible for the survival of the cell, and. apoptosis seems to be

1 linked to a disturbance of integrin function. The proteins that;interact most with RGD- 

dependent integrins are fibronectin, vitronectin, bone sialoprotein, osteopontin, 

thrombospondin, fibrinogen, laminin,1 collagen, nectipepsin and other unknown molecules 

(Robey, P. G. et al., 1996 and Blancher, C. et al., 1996), A, very interesting fact is the use 

of the RGD sequence by pathogenic microbes. Bacterid,'viruses and yeasts use the RGD 

sequence to get into the host cell (Virji M. et al., 1996:bnd Gbldriian M! J. et al., 1995). 

Humphries et al 1995 explored the RGD competitive; sequence :QAGDV and LDV in
- integrin binding. The integrin subunits have been identified on different type of ceils. The

- integrins reported most commonly in the literature; are «vA> >a2pi, &\Pu and ay Pi, as

shown in Table: 2.8. - ^ :
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secretion

activation of receptors
. v* % ^ \> proliferation

cell migi*ation ecllsprcadin® gene expression apoptosis-

Figure: 2.18. Scheme of binding the RGD peptide to an integrin. Influence of RGD- 
peptide binding and possible ways into the cell.

Table: 2.8. Integrins and ligands.

Subunits ROD !
\dependence

Ligands Cell type ■

A ' a :+ ■ | LM, Col IV+i LC,SM.ML,OB ;
cr, - -(+> ; LM.Coi.PN FX’, LC, MC, NP.TC, OC, OB
<*» • 4■/— FN, LM, Col I,epilierin ' EC, LC, MO, ML, OB :

- ! FN, V-CAM LC, MC. OB . ’
'+ 1 FN, LI EC, LC, MC, TC, OB ,

Ok LM EC, LC. MC, TC
a, LM TB, MU, ME
Ok FN. VN,TN
a9 TN EP
aY ,~F 1 VN, FN, FG, LI, Col, LM, OP ME, CA, ML, FB, OC. SM

A ; ' - , ICAM-1, ICAM-2 LC, MC, NP
+r ! C3 bi, factorX, FG, ICAM-1 MC, NP

i ^-gtucan, leishmaniagpbl - - -
ax ?' : FG, C3 bi, /l-glukati MC, NP

■A + FG, FXyVN, FN, vWF, TS, fibrin, LI MK,TC
Oy -F ; VN, FG, FN, vWF, TS, OP, BSP, PB, Col, LI, TN EC, LC, MC, NP.TC, SM, OC. Fa OB

A * LM(7) EP,
A av 4- VN, vWF, FN, BSP, OP OC, OB, SM
'A av + FN.VN EC
A(~%> FN, V-CAM, Md-CAM

Peyers patch, addiessin, FN.VCAM-l FB, LC
am.

fin «v FN, Col
A av ■+ VN, FN

Ligands: BSP, bone sialbprotein; C3 bi, inactive type of C3b component of complement; 

factor X, coagulation factor X; FG, fibrinogen; FN, fibronectin; Fx, fragment x of FG; 

Col, Collagen; LI,: 6th Ig-similar domain of cell adhesion molecule LI; LM, laminin; 

OP, osteopontin; PB, penton base of adenovirus; TN, tenascin; TS, thrombospondin; VN, 

, vitronectin; vWF, von Willebrand factor. Cell types: CA, carcinoma; EC, endothelial
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cells; EP, epithelial cells; FB, fibroblasts; LC, lymphocytes; MC, macrophages; ME, 

melanoma; MK, megacaryocytes; ML, melanocytes; MU, muscle cells; NP, neutrophil 

cells; OC, osteoclasts; SM, smooth muscle tissue; TB, cytotrophoblasts; TC, 

thrombocytes ( Schaffner, P. et ah, 2003).

Integrin-binding peptide sequence and classification

According to the above classification, integrins are selective toward their substratum 

ligands. The specificity is a central issue in the use of cell adhesion peptides and surface 

engineering. Whether peptide sequences that promote cell adhesion will in the future 

exhibit specificity for a single cell type remains unclear. Integrins showed different 

binding activity for RGD peptides. If one specific cell to the RGD sequence which is 

specific for the integrins it expresses. This opens a possibility to control binding of cells 

to RGD peptides and mediate specific cell attachment to surfaces.

Figure 2.19. Molecular model of the RGD sequence conformation of the cyclic RGD 
peptide c(RGDfK) (Schaffner, P. et al., 2003).

The affinity of RGD peptides for their ligands may be affected by steric conformation of 

the peptide. Several peptides that contain RGD serve as ligands for integrins. It has been 

suggested that substrata composed of RGD not only promote cell attachment but may also 

enhance other fundamental cell functions (e.g. proliferation). The amino acid; sequences 

flanking RGD also may affect the selectivity and affinity of peptides toward integrins. For 

initial cell adhesion, Rezania et al 1999 proposed the collagen receptor aifi\ for
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osteoblastlike cells. For spreading, cytoskeletal organization, focal contact formation and 

possibly migration they proposed avA (vitronectin receptor). An additional interesting 

point is the influence of RGD-mediated cell-matrix interactions in bone cell mechano 

transduction suggested by Salter et al 1997. Chemists synthesize ROD peptide 

amphiphiles to influence the specific binding of RGD peptides. Synthetic dialkyl lipid 

tails have been linked to the amino-terminus, carboxyl-terminus and both termini of the 

cell recognition sequence RGD to produce amino-coupled, carboxyl-coupled and looped 

RGD peptide amphiphiles. It has been established that amphiphiles are the most effective 

in influencing human melanoma cell response when the RGD sequence is made 

accessible through formation of a flexible loop conformation. According to these authors, 

future studies with new versions of RGD peptide amphiphiles that contain longer RGD 

sequences, both linear and cyclic, have the potential to further clarify the role of sequence 

accessibility and conformation in promoting specific cell responses. Nicolaou et al 1998 

describe a group of nonpeptide mimetics based on the structure of the RGD peptides. 

They tested binding selectivity and ability to inhibit cell adhesion among different 

integrins {ay/}3, ayfis, aw/}/). The tested library showed excellent results for five 

nonpeptide mimetics generated.

Linear RGD peptides

The binding of RGD peptides to different integrins showed a different binding pattern 

which is influenced by chemical alteration of the side flanking amino acids. Examples of 

linear peptides and their origin are shown in Table: 2.9. Early studies with RGD peptides 

demonstrated the influence of stereochemistry and conformation on binding specificity in 

cell adhesion. In linear peptides, the fourth amino acid alters the binding specificity. Hern 

et al 1998 showed in their in vitro re-endothelialization studies with YRGDS and 

GRGDS that the distance of the presented RGD sequence from a surface promotes 

specific cell adhesion. Cyclization of a peptide showed an increase in activity and a 

change in integrin specificity. The specificity changed from fibronectin to vitronectin. In 

linear peptides, the nature of residues flanking the RGD sequence could influence 

receptor affinity, receptor selectivity and other biological properties. Tetrapeptides 

RGDS, RGDV, RGDT were synthesized using an improved liquid-phase procedure. It 

was found that RGDV exhibits remarkable cell-attachment activity when tested on L-929 

fibroblasts. The valine residue contributes to RGDX conformation to fit to the structure of 

receptor on the cell surface. A review by Healy et al 1999 on biomimetic engineering of
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materials addressing the RGD peptide problem concludes with the following words: ‘It is 

unlikely that materials modified only with the ubiquitous linear RGD signal will lead to 

controlled responses of a specific cell type in complex environments (e.g. in vivo)’. This 

limitation is one of the reasons for developing cyclic RGD peptides.

Table: 2.9. Linear peptides (Schaffner, P. et al, 2003).

Linear peptides integrtos/proteins

GRGDSY
GRGDVY
G RGESY negative control 

RGDC

BRB10
BRB9
BA3=EPRGDNYRG

EPRGDNYR '
EPRGENYR-negative control

RGDS
RGDV
Ac-RGDV-NHj 
Ac-RGDS-NH2 
GRGESP=negative control 
GRGES “negative control 
GRGDdSP “negative control 
Ac-(CIT)GDS-NH1= negative control
GdRGDSP
GRGDTP
GRGDSP
GRGDS
GRADSP= negative control

VTYAVTGRGDSPASSKP
TNIMEILRGDFSSANNR
TSSTSYNRGDSTFESKS
ECKPQVTRGDVFTMPED
VVTGSPERGDQSSWKSV
TVDTYDGRGDSVVYGLR
G(Pen)GHRGDLRCA 
Pen substitutes 
R(Pmc) GHRGDLRCA 
Substitute at position 3, -1, -2, 
combination of positions l and 3,
=4S diiTereat peptides! —

(GRGDSP)4K==repeated linear P

vasoactive peptide

«vA/«vA

’ avpjdvps

'

dvA

VN

BSP

BSP

VN, FG

VN, FG

FN,
FG,
FG
VN
vWF
OP

FN

Cyclic RGD peptides

In cyclic peptides the RGD peptide sequence is flanked by other amino acids to build a 

ring system. These systems offer the possibility to present the RGD sequence in a specific 

conformation. Cyclic peptides are much more potent and more specific than their linear 

counterparts, and their advantage is their resistance against proteolysis. Table 3 shows 

different cyclic peptides and their origin. Cyclic RGD peptides have been developed for 

various purposes: fibrinogen receptor antagonists, selective ayintegrin antagonists for 

treatments of human tumor metastasis and tumor-induced angiogenesis, phagocytosis of 

cells undergoing apoptosis, bone remodeling and osteoporosis, diabetic retinopathy and

71



Literature review

acute renal failure. Stereochemistry influence in c(RGDFV) of used D-amino acids was 

shown by Muller et al 1992. Each backbone amide bond of (RGDfV) was successively N- 

methylated to result in a series of five monomethylated cyclic pentapeptides. The authors 

propose five classes of cyclic peptides and their representative RGD arrangements with 

different integrin binding specificities. The influence of this vV-methylation scan on 

biological activity revealed that (RGDf-N(Me)V) is one of the most active and selective 

ay/3i integrin antagonists known (Dechantsreiter, M. A. et al., 1998).

Stereoisomerism has a great influence on biological activity of c(RGDfV). Studies on 

retro-inverso peptides showed that the backbone conformation, the side-chain topology of 

the peptides and the amide bond direction lead to drastically different inhibitory activities 

to the aybz receptor (Dechantsreiter, M. A. et al., 1998). A structure of the peptide loops 

alters activity on receptor binding to fibrinogen. Loops were stabilized by building blocks 

with kanthene, phenoxazine and phenothiazine derivatives. The possibility of disulfide 

bonds at cysteine residues in the structure of cyclic RGD peptides alters the binding 

activity of the peptides (Assa-Munt, N. et al., 2001). Bogdanowich-Knipp et al 1999 

compared the solution stability of a linear and a cyclic RGD peptide as a function of pH 

and buffer concentration (Bogdanowich-Knipp, S. J et al., 1999). It appeared that the 

cyclic peptide is 30-fold more stable than the linear peptide at pH 7. The degradation 

mechanisms of both peptides primarily involved the aspartic acid residue. This 

degradation leads to the loss of biological activity (Geiger, T. et al., 1987 and Manning 

M. C. et al., 1989). It has been clearly demonstrated that the increase in stability of the 

cyclic peptide compared with the linear one is due to decreased structural flexibility 

imposed by the ring (Bogdanowich-Knipp, S. J et al., 1999). Cyclic RGD peptides react 

like native cell adhesion molecules, such as fibronectin, in binding specifically to an 

integrin (Gurrath, M. et al., 1992). This suggests that cyclic RGD peptides may function 

as more efficient mediators of osteoprogenitor- cell adhesion than linear peptides. Studies 

of cyclic RGD peptides immobilized on surfaces showed that such conformationally 

restrained peptides were more potent in promoting cell adhesion than their linear 

counterparts (Ivanov, B. et al., 1995 and .Xiao, Y. et al., 1996).
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Table: 2.10. Cyclic peptide (Schaffner, P. et al., 2003).

Cyclic peptides Integrins /proteins

(Pmc)GI-IRGDLRCR CtubPi TC
Ac-CIPRGD(Y-OMc)RCNH,
Ac-CNPRGD(Y-OMe)RCNH,
Ac-G(dR)GDSPASSK-GGG(dR)LLLLLL(dR)NH2= «vA FN
Peptide 2000 (Telios)0
CB A4=DPA -EPRGDN YRCYS-NH, ('tvp3/c(vf]s BSP
BSA-CM-A-DPA-EPRGDNYRCysNH2=BSA-CNB
DPA-EPRGDNYRCysNIl,-CNB
Ac-DRA*EPRGDNYRCysNH2= Ac-CNB * tT /CX BSP
EPRGDNYRCysNH,= C-BC3
dYRGBNYRCysNH2= C-CBI

*

G4I20= cycRGD” avf}3/a4% VN
CycGPenGRGDSPCA=peptide 2000 (Telios)* LM

Clyfij/Ctyfis VN
Ae-CGGNGEPRGDTRAY-NI 12 avlh/avPs BSP
Ac-C(N M e)-RG D-PenNH,= SK&F 106760*= MvPsifavPs VN
Ac-C(NMe)4lGN-PeriNHj= negative control
XaniheneRGDF
XantheneARGDFP
XantbenelARGDFPD - fiavoridin
XantheneRTARGDFPDD
XantheneARLARGDFPDDR
C(GRGDSPA) '
C(GRGD)
C(RGDS)
C(GRGDSP) FN
C(GRGDS)
C(RGDSP)
C(RGDSRA)

4

HMD 121974=c(RGDfK) a CCvP3/tXyP5 VN
cRGDVGS-BTD-SGVA VN
cRGDRGD avfhf&vp5 VN
cPRGD-Marabc «v/y Mvfls VN
c(-N(Me)R-GDfV)
c(R-Sar-DlV)
c(RG-N(Me)D-tY) avpjavps VN
c(RGD-NtMe)f-V)
c(RGDf-N(Me)V-)=EMD I21974d

■4

c{RGDFV) VN
c(RADFV)
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Figure: 2.20. Schematic representation of RGB-mediated drug delivery and imaging 
constructs. (Panels A and B) Small molecule conjugates. Organic drug molecules (A) 
have been conjugated to cyclic RGD-ligands via various linkers. As most drugs are 
inactive when coupled to the RGD-ligand, a biodegradable linkage is required between 
drug and RGD-peptide. In contrast, imaging agents (B) need stable linkages. (Panels C 
and D) Macromolecules. Synthetic and natural polymers (C) can be modified with 
multiple copies of both drag (affording a high drag/carrier ratio) and RGD(affording 
multivalent binding and internalization). Therapeutic proteins (D) have been equipped 
with RGD-motifs by recombinant means. (Panels E and F) Particulate systems. Synthetic 
particulate systems (E) like liposomes, Nanoparticles or non-viral gene vectors have been 
equipped with RGD mostly via extended PEG tethers, to prevent unwanted interactions 
with non-target cells. Adenoviral vectors (F) have been modified with RGD motifs to 
enhance infectivity. Viral carriers have been used to deliver genes and siRNA, or as 
oncolytic replicating systems. (Temming, K. et al, 2005).

Requirements of RGD-peptide as an «vA -ligand

The RGD sequence is currently the basic module for a variety of RGD-containing 

peptides which display preferential binding to either «vA integrin and related ay- 

integrins, or to other types of integrins. For example, «nb/?3 integrin is an integrin that has 

been investigated intensely in relation to platelet aggregation (Andronati et al., 2004). 

Since the RGD-sequence is conserved in all natural and new developed ligands, the 

relative affinity and specificity of the peptides and proteins are determined by other 

amino acid residues flanking the RGD-motif, especially at the two positions following the 

aspartic acid (Pierschbacher et al., 1987). Besides direct interactions between these 

residues and the integrin, flanking groups influence the folding of the peptide and thereby 

the conformational features of the RGD-motif. Cyclization is commonly employed to 

improve the binding properties of RGD-peptides. Since cyclization confers rigidity to 

structure, it greatly improves the selectivity of the promiscuous RGD-sequence for a 

specific integrin subtype. Indeed, all selective RGD-peptide ligands are cyclic, having at
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least one or more ring structures, as will be discussed. Furthermore, linear RGD-peptides 

proved highly susceptible to chemical degradation, which is due to the reaction of the 

aspartic acid residue (D) with the peptide backbone (Bogdanowich-Knipp et al., 1999). 

Since the rigidity conferred by cyclization prevents this, cyclic peptides are more stable. 

Lastly, non-natural peptide modifications such as the introduction of d-amino acids as 

well as replacement with peptidomimetic structures have yielded RGD-peptide ligands 

with increased specificity and nanomolar or higher affinity (Goodman et al., 2002). The 

elucidation of the crystal structure of oyA integrin and subsequent docking studies on 

this template have aided in the design of novel RGD-ligands (Marinelli et al., 2003). One 

of the best studied RGD-peptide ligands for «vA integrin is c(RGDf-N(Me)-V), which is 

also known as EMD121974 or Cilengitide (Figure: 2.21 ^structure 1). This RGDpeptide 

affinity in the subnanomolar range in competing with biotinylated vitronectin or 

fibrinogen for binding to immobilized integrins. Furthermore, Cilengitide displays a 

1000-fold preference for ayA integrin over aubA integrin (Dechantsreiter et al., 1999). 

These features were attributed to the constrained ring structure and the introduced d- 

amino acid residue that force the RGD-sequence into the proper conformation for binding 

to ayA integrin. Cilengitide has reached phase II clinical trials for the treatment of 

malignancies including melanoma, glioblastoma and prostate cancer.
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arg -:gly rasp

1:c(RGDfIN-MeJV>
(Cllengito'de)

2; ACDCRGDCFCG 
(RG04C)

3: OGARYCRGOCFDG 
(B) (RGD10)

4: RGO-Pepfidoniimefie 
(Duggan el a! )

Figure:2.21. The original RGD sequence in comparison with modern high affinity 
ligands for ccyfis -integrin. (Panel A) Schematic representation of the RGD binding 
motif. Specificity and affinity for «v/%-mtegrin has been introduced in peptide ligands by 
ring closure and flanking amino acids, which force the arginine and aspartic acid side- 
chains into the proper conformation. In RGD-mimetics, the two domains that interact 
with the integrin (Arg and Asp) have been replaced by a guanidine binding site and 
carboxylate group. (Panel B) Structures of c(RGDf(N-Me)V), RGD4C, RGD 10 and 
RGD-mimetic described by Duggan et al., which are all high affinity ligands for ofy/% - 
integrin (Temming, K. et al, 2005).

Among the derivatives of this series, c(RGDfK) is one often used for the delivery of 

therapeutics, because the lysine residue (K) makes it an ideal building block for further 

chemical conjugation reactions. Several drug targeting and imaging constructs, bearing 

either one or more c(RGDfK) ligands, will be highlighted in the following sections of this 

review. Another RGD-ligand with high binding affinity and specificity for ayA has been 

developed using phage display. Selection of RGD-peptide ligands from a cyclic peptide 

library afforded a structure that contained two disulfide bonds (ACDCRGDCFCG) 

(Figure: 2.21, structure 2). This so-called RGD4C peptide was at least 20-fold more
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potent than similar peptides with a single disulfide bond and 200-fold more potent than 

commonly used linear peptides (Koivunen et ah, 1995). The RGD4C peptide has been 

exploited as targeting ligand for the delivery of cytostatic drugs; moreover it is especially 

suitable for incorporation into proteins and viruses by recombinant means. A 

disadvantage of RGD4C is that the peptide can fold into different cyclic structures. Apart 

from the preferred bicyclic structure, additional monocyclic and bicyclic structures can 

form, which demonstrated 10-fold less binding affinity (Assa-Munt et ah, 2001). If one 

compares c(RGDfK) and RGD4C, c(RGDfK) is preferred for a chemical conjugation 

approach, due to its higher stability and relative ease of coupling. As mentioned, RGD4C 

is the best choice to equip a protein with a targeting moiety by recombinant means. RGD 

peptides with d-amino acids or other chemical modifications cannot be incorporated by 

this recombinant strategy.

Recently, a novel RGD-peptide with high affinity for afy/% was discovered by phage 

display technology (Holig et al., 2004). This peptide, RGD10 (Figure: 2.21, structure 3), 

has only one disulfide bond, but the amino acids flanking the CRGDC core have similar 

physicochemical properties as the ones in RGD4C. RGD 10 and RGD4C displayed similar 

binding properties. Several RGD peptidomimetics have been reported with further 

improved binding to tty-integrins (Goodman et al., 2002). Most of these compounds 

contain a guanidine mimetic to replace arginine, while the aspartic acid of the RGD motif 

has been substituted by a carboxylic acid. These two essential groups have been linked 

together by various tethers and constraints, yielding compounds with low nanomolar or 

even picomolar affinities for oy/% integrin (Figure: 2.21, structure 4). Only few RGD- 

peptidomimetics have been exploited for targeting of therapeutics or diagnostics (Hood et 

al., 2002; Liu et al., 2003; Winter et al., 2003). This is partly due to the fact that they lack 

groups suitable for the coupling of drug or drug carriers. Likely, peptidomimetics will be 

applied more often as a targeting moiety, since their excellent binding properties as well 

as their stability can be regarded ideal for drug delivery. The affinity as well as the 

pharmacokinetic properties of RGD-ligands can be improved by coupling them to a 

carrier system. The multivalent RGD-protein conjugates synthesized by Kok et al 2002 

showed subnanomolar affinity for oy/h expressing human umbilical cord endothelial 

cells (HUVEC), which is a 250-fold increase versus the single RGD-peptide. 

Furthermore, multivalency not only greatly improves affinity but also facilitates 

internalization (Boturyn et al., 2004; Schraa et al., 2002a). Carrier systems like liposomes,
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nanoparticles, proteins and other polymers bearing multiple RGD-peptides are therefore 

more likely to be internalized via receptor-mediated endocytosis than single peptide 

constructs. Several other common advantages are attributable to RGD-equipped 

macromolecular carriers even though they represent a diverse group.

1. More drug molecules can be delivered per internalizing receptor/targeted 

molecule.

2. Higher affinity and internalization are facilitated by multivalent RGD-ligands, as 

mentioned above.

3. Renal filtration is inhibited since the higher molecular size of the carrier prevents 

glomerular filtration. This may lead to prolonged blood circulation times and 

longer presentation of the ligand to target receptors within the tissue (Schraa et al., 

2002b).

,4. Shielding of drugs from receptors or enzymes in the blood circulation renders 

targeting more predictable. .

5. The high molecular weight of most carriers leads to passive retention in a tumor, 

via the so-called enhanced permeability and retention (EPR) phenomenon. For 

example, RGD4C equipped polymers accumulated in a s.c. prostate carcinoma in 

the course of 3 days, while radioactivity in other organs decreased (Mitra et al., 

2005). This resulted in a 50:1 tumor:blood ratio at day 3. The control polymer 

without RGD-targeting motif accumulated in the tumor to a lesser extent, 

demonstrating the contribution of RGD-mediated targeting to the EPR effect. The 

need for appropriate control to prove the actual role of RGD/integrin recognition 

has to he. mentioned. The substitution of only one amino acid had been 

demonstrated to abolish interaction with the integrin (Pierschbacher et al., 1987). 

Most researchers apply RAD or RGE peptides for this purpose. A control 

construct prepared with such peptides would bear identical structural changes as 

compared to the RGD modified construct. Comparison in effectiveness of both 

constructs demonstrates the role of the RGD mediated targeting.

2.3. Breast Cancer
Cancer is a general term that refers to cells that grow and multiply out of control and 

possibly spread to other parts of the body. There are many different types of breast 

cancer. Each may have different characteristics, and each one may require a different 

treatment. Cancer can cause harm in different ways. Cancer cells take nutrition and space
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away from normal cells. A lump of cancer cells, called a tumor, can invade or destroy 

normal tissue. Cancer cells can also'spread to other parts of the body. This is called 

metastasis. Breast cancer is a common cancer among women in the United States and 

second only to skin cancer, affecting about 178,480 women in the United States in 2007. 

Most breast cancer begins in the milk ducts. These ducts connect the milk-producing 

glands (called lobules) to the nipple. Some breast cancer begins in the lobules themselves, 

and the rest begins in other tissues. The diagram shows where these body parts are within 

the breast.

2.3.1. Introduction of breast cancer

Breast cancers are potentially life-threatening malignancies that develop in one or both 

breasts. The structure of the female breast is important in understanding this cancer:

• The interior of the female breast consists mostly of fatty and fibrous connective 

tissues.

• It is divided into about 20 sections called lobes.

• Each lobe is further subdivided into a collection of lobules, structures that contain 

small milk-producing glands.

• These glands secrete milk into a complex system of tiny ducts. The ducts carry the 

milk through the breast and converge in a collecting chamber located just below 

the nipple.

• Breast cancer is either noninvasive (referred to as in situ, confined to the site of 

origin) or invasive (spreading).

Noninvasive breast eancers include

• Ductal carcinoma in situ (also called intraductal carcinoma nr DCIS). DCIS 

consist of cancer cells in the lining of the duct. DCIS is a non-invasive, early 

cancer, but if left untreated, it may sometimes progress to an invasive, infiltrating 

ductal breast cancer. DCIS is the most common type of noninvasive breast cancer.

• Lobular carcinoma in situ, or LCIS. Although it is technically not a cancer, lobular 

carcinoma in situ is a marker for an increased risk of invasive cancer the same or 

both breasts.
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A diagnosis of these early cancers (DCIS and LCIS) is made when there is no evidence of 

invasion.

Invasive Breast Cancer

Invasive cancer occurs when cancer cells spread beyond the basement membrane, which 

covers the underlying connective tissue in the breast. This tissue is rich in blood vessels 

and lymphatic channels that are capable of carrying cancer cells beyond the breast. 

Invasive breast cancers include the following:

• Invasive (also called infiltrating) ductal carcinoma. This is invasive breast cancer 

that penetrates the wall of a milk-passage duct. It comprises between 70 - 80% of 

all breast cancer cases.

• Invasive (also called infiltrating) lobular carcinoma. This invasive cancer has 

spread through the wall of a milk-producing lobule. It accounts for 10 -15% of all 

breast cancers. It may sometimes appear in both breasts, sometimes in several 

separate locations.

How is the breast designed?

The breasts sit on the chest muscles that cover the ribs. Each breast is made of 15 to 20 

lobes. Lobes contain many smaller lobules. Lobules contain groups of tiny glands that can 

produce milk. Milk flows from the lobules through thin tubes called ducts to the nipple. 

The nipple is in the center of a dark area of skin called the areola. Fat fills the spaces 

between the lobules and ducts.

The breasts also contain lymph vessels. These vessels lead to small, round organs called 

lymph nodes. Groups of lymph nodes are near the breast in the axilla (underarm), above 

the collarbone, in the chest behind the breastbone, and in many other parts of the body. 

The lymph nodes trap bacteria, cancer .cells, or other harmful substances.
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Anatomy of the Breast

I / L rbulss

Figure: 2.22. Anatomy of the breast cancer 

2.3.2. Risk Factors

About 12% of women develop breast cancer in their lifetime. Each year in the United 

States, about 180,000 women are diagnosed with invasive breast cancer and about 68,000 

women are diagnosed with pre-invasive breast cancer. (Although breast cancer in men is 

rare, about 2,000 American men are diagnosed each year with invasive breast cancer. 

About 40,000 American women die from breast cancer each year. Breast cancer death 

rates have declined significantly since the 1990s, especially for women younger than age 

50. The earlier breast cancer is diagnosed, the earlier the opportunity for treatment. In the 

United States, there are currently more than 2.5 million breast cancer survivors.

Risk factors for breast cancer include:

Age

Most cases of breast cancer occur in women older than age 60. According to the 

American Cancer Society, about 1 in 8 cases of invasive breast cancer are found in 

women younger than age 45, while 2 in 3 cases of invasive breast cancer occur in women 

age 55 and older.

Race and Ethnicity

Breast cancer is slightly more common among white woman than African-American, 

Asian, Latina, or Native American women. However, African-American women tend to 

have more aggressive types of breast cancer tumors and are more likely to die from breast 

cancer than women of other races. It is unclear whether this is mainly due to biologic or
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socioeconomic reasons. Social and economic factors make it less likely that African- 

American women will be screened, so they are more likely to be diagnosed at a later 

stage. They are also less likely to have access to effective treatments. Breast cancer is also 

more prevalent among Jewish women of Eastern European (Ashkenazi) descent (see 

Genetic Factors).

Family and Personal History

Women who have a family history of breast cancer are at increased risk for developing 

breast cancer themselves. Having a first-degree relative (mother, sister, or daughter) who 

has been diagnosed with breast cancer doubles the risk for developing breast cancer. 

Women who have had ovarian cancer are at increased risk for developing breast cancer. 

And, a personal history of breast cancer increases the risk of developing a new cancer in 

the same or other breast.

Genetic Factors

About 5 - 10% of breast cancer cases are due to inherited genetic mutations.

BRCA Genes. Inherited mutations in genes known as BRCA1 or BRCA2 are responsible 

for most cases of hereditary breast cancers, ovarian cancers, or both in families with a 

history of these cancers. BRCA gene mutations are present in only about 0.5% of the 

overall population. However, certain ethnic groups — such as Jewish women of Eastern 

European (Ashkenazi) descent -- have a higher prevalence (2.5%) of BRCA gene 

mutations. BRCA gene mutations are also seen in some African-American and Hispanic 

women.'

Screening Guidelines for BRCA Genes. The U.S. Preventive Services Task Force 

(USPSTF) recommends that women at high risk should be tested for BRCA genes, but 

does not recommend routine genetic counselling or testing in low-risk women (no family 

history of BRCA 1 or 2 genetic mutations). Risk assessment is based on a woman’s 

family history of breast and ovarian cancer (on both the maternal and paternal sides). The 

relevance of the inherited BRCA1 or BRCA2 mutations to survival is controversial. Some 

studies have suggested that these mutations are linked to less lethal breast cancer. Others 

suggest that they do not change prognosis or may worsen it. Women with these genetic
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mutations do have a greater risk for a new cancer to develop. Patients with BRCA1 

mutations tend to develop tumors that are hormone receptor negative, which can behave 

more aggressively.

Other Genetic Mutations. Other genes associated with increased hereditary breast cancer 

risk include p53, CHEK2, ATM, and PTEN.

Exposure to Estrogen

Because growth of breast tissue is highly sensitive to estrogens, the more estrogen a 

woman is exposed to over her lifetime, the higher her risk for breast cancer.

Duration of Estrogen Exposure. Early age at menarche (first menstrual period) or later 

age at menopause may slightly increase a woman’s risk for breast cancer.

Pregnancy. Women who have never had children or who had their first child after age 30 

may have a slightly increased breast cancer risk. Having children at an early age, and 

having multiple pregnancies, reduces breast cancer risk. Evidence does not show an 

association between abortion and increased breast cancer risk. Studies have been mixed 

on whether breast-feeding decreases breast cancer risk. Breast-feeding reduces a woman’s 

total number of menstrual cycles and thereby estrogen exposure, which may account for 

its possible protective effects. Some studies suggest that the longer a woman breast-feeds, 

the lower her risk.

Oral Contraception. Although studies have been conflicting about whether estrogen in 

oral contraception increases the chances for breast cancer, the most recent research 

indicates that current or former oral contraceptive use does not significantly increase 

breast cancer risk. Women who have used oral contraceptives may have slightly more risk 

for breast cancer than women who have never used them, but this risk declines once a 

woman stops using birth control pills.

Hormone Replacement Therapy. Many studies have reported a higher risk for breast 

cancer in postmenopausal women who take combination hormone replacement therapy 

(HRT), which contains both estrogen and progestin. A combination of estrogen and 

testosterone also increases breast cancer risk. Several studies of women who had a 

hysterectomy indicate that estrogen alone does not increase overall breast cancer risk
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when the drug is used for 7 years or less. However, women who take estrogen for 10 - 15 

years or more do have an increased risk, especially women who are already at higher risk 

for breast cancer. In addition, HRT increases breast cancer density, making mammograms 

more difficult to read. This can cause cancer to be diagnosed at a later stage. Women who 

take estrogen HRT should be aware that they need frequent mammogram screenings. The 

North American Menopause Society recommends that women who are at risk for breast 

cancer should avoid hormone therapy and try other options to manage menopausal 

symptoms such as hot flashes. Most doctors recommend that women use HRT only for 

short-term relief of menopausal symptoms.

Infertility and Infertility Treatments. Despite some concerns that infertility treatments 

using the drug clomiphene may increase the risk for breast cancer, most studies do not 

show an association. Some studies indicate that ovulation induction with clomiphene may 

actually decrease breast cancer risk. (Clomphine is related to tamoxifen, a drug that is 

used for breast cancer prevention in high-risk women.)

2.3.3. Breast Abnormalities

Abnormalities or Breast Conditions Suggesting a higher Risk. Certain factors and breast 

conditions may increase the risk for breast cancer:

• Dense breast tissue is associated with a higher risk for breast cancer. Studies 

suggest that women with highly dense tissue have 2-6 times the risk of women 

with the least dense tissue. Genetic factors play a large role in breast density. 

Hormone replacement therapy also increases breast density. In addition, dense 

breasts make mammograms more difficult to read, which increases the likelihood 

of missing early signs of cancer.

• Benign proliferative breast disease, or unusual cell growth known as atypical 

hyperplasia, is a significant risk factor for breast cancer.

Some common benign breast abnormalities that pose few or no risks include the 

following:

• Cysts. These mostly occur in women in their middle-to-late reproductive years 

and can be eliminated simply by aspirating fluid from them.
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Physical activity contributes to health by reducing the heart rate, decreasing the risk for 

cardiovascular disease, and reducing the amount of bone loss that is associated with age 

and osteoporosis. Physical activity also helps the body use calories more efficiently, 

thereby helping in weight loss and maintenance. It can increase basal metabolic rate, 

reduces appetite, and helps in the reduction of body fat.

Dietary Factors

Despite much research on the association between diet and breast cancer, there is still 

little consensus. The best advice is to eat a well-balanced diet and avoid focusing on one 

"cancer-fighting" food. The American Cancer Societies dietary guidelines for cancer 

prevention recommend that people:

• Choose foods and amounts that promote a healthy weight.

• Eat 5 or more servings of fruits and vegetables each day.

• Choose whole grains instead of refined grain products.

• Limit consumption of processed and red meat.

• Women should limit alcohol consumption to 1 drink per day (women at high risk 

for breast cancer should consider not drinking alcohol at all).

For breast cancer survivors, the American Cancer Society recommends diets that include 

lots of fruits and vegetables, low amounts of saturated fat (from meat and high-fat dairy 

products), moderation in soy foods, and moderate or no alcohol consumption. Here are 

results from recent studies. evaluating diet and breast cancer, for preventing both the 

development of cancer and its recurrence:

Fats. Research is still mixed on the role that fats, and which specific types of fats, play in 

breast cancer risk and prevention. Several studies have indicated that red meat, which is 

high in saturated fat, may increase breast cancer risk when eaten in large quantities on a 

daily basis. (Red meat is also high in iron, which in itself may increase breast cancer 

risk.) According to results from the Women’s Health Initiative study of dietary fat and 

breast cancer, there is no definite evidence that a low-fat diet will help prevent breast 

cancer. However, the study suggested that women who normally eat a very high-fat diet 

may benefit by reducing their fat intake. In the study, the low-fat diet reduced blood
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estrogen levels by 15%. The low-fat diet also appeared to reduce the risk for developing 

progesterone receptor-negative tumors.

Fruits and Vegetables. Fruits and vegetables are important sources of antioxidants, which 

may help protect against the tissue damage linked to increased cancer risk. Antioxidants 

include vitamin C, vitamin E, and carotenoids such as beta-carotene and lycopene. Richly 

colored fruits and vegetables — not supplements -- are the best sources for these nutrients. 

These fiber-rich foods are an essential part of a healthy diet. However, it is not clear 

whether fruits and vegetables can specifically prevent breast cancer development or 

recurrence.

Calcium and Vitamin D. Eating lots of foods rich in calcium and vitamin D (such as 

yogurt and milk) may modestly reduce the risk of breast cancer for premenopausal 

women. Low-fat or non-fat dairy products are a healthier choice than high-fat ones.

Soy. Soy is an excellent low-fat protein alternative to meat. Soy contains phytoestrogens, 

which are estrogen-like plant chemicals. In particular, soy contains a type of 

phytoestrogen called isoflavones. Because many soy foods (such as tofu) are eaten in 

Asian countries where women tend to have a lower incidence of breast cancer, research 

has focused on whether soy may have a protective effect. To date, the evidence does not 

indicate that soy foods or supplements can reduce breast cancer risk. In addition, some 

studies suggest that high intakes of soy may actually increase the risk of estrogen- 

responsive cancers such as breast cancer. Some animal studies have suggested that the 

isoflavone compound genistein may reduce the protective properties of tamoxifen, a drug 

used to prevent breast cancer in high-risk women. The American Cancer Society 

recommends that women with breast cancer eat only moderate amounts of soy foods and 

avoid taking dietary supplements that contain high, amounts of isoflavones.

, Specific Preventive Measures for High-Risk Women , .

Lifestyle Factors. Premenopausal women at higher risk, usually because of family 

history, should take as many preventive measures as possible, starting at an early age. The 

following lifestyle choices may be beneficial:
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• Exercising and eating healthily is the first essential rule.

• High-risk premenopausal women may choose alternatives to oral contraceptives 

and, if feasible, consider having children early in their life.

• High-risk postmenopausal women may want to forego hormone replacement 

therapy.

• Any woman at high risk for breast cancer should consider avoiding alcohol or 

drink it very sparingly.

Tamoxifen and Raloxifene, Drugs known as selective estrogen-receptor modulators 

(SERMs) act like estrogen in some tissues but behave like estrogen blockers (anti

estrogens) in others. Two SERMs -- tamoxifen (Nolvadex) and raloxifene (Evista) — are 

approved for breast cancer prevention for high-risk women. Tamoxifen and raloxifene are 

not recommended as prevention for women at low risk for breast cancer or its recurrence. 

Women at high risk for breast cancer should discuss with their doctors the risks and 

benefits of SERMs. Tamoxifen (Nolvadex) is the most studied of these drugs. It is 

currently used to treat breast cancer and was the first drug approved for prevention. 

Evidence strongly suggests that it halves the risk for estrogen receptor-positive cancers in 

high-risk women, including those with BRCA2 mutations (although possibly not 

BRCA1). It also helps prevent recurrence in women who have been treated for breast 

cancers. However, it has no protective effects against estrogen receptor-negative 

(hormone-insensitive) cancers. Tamoxifen can increase the risk for uterine (endometrial) 

cancers. It can also increase the risk for blood clots, strokes, and endometriosis. Less 

serious side effects include hot flashes and vaginal discharge. Raloxifene (Evista) was 

approved in 2007 for prevention of breast cancer in postmenopausal women with 

osteoporosis and postmenopausal women at high risk for invasive breast cancer. 

Raloxifene was previously approved for prevention and treatment of osteoporosis in 

postmenopausal women. Studies indicate that it works as well as tamoxifen in reducing 

the risk of invasive breast cancer. One of raloxifenes main benefits is that it has a lower 

risk than tamoxifen of causing uterine cancer and blood clots. However, women with a 

history of blood clots in the legs, lungs, or eyes should not take raloxifene. Although 

studies indicate raloxifene does not increase the risk of stroke, it can increase the risk of 

dying from a stroke. Women with a history of or current risk factors for stroke or heart 

disease should discuss with their doctors whether raloxifene is an appropriate choice. 

Less serious side effects of raloxifene include hot flashes, leg cramps, swelling of the legs
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and feet, flu-like symptoms, joint pain, and sweating. Raloxifene can cause birth defects 

and is approved only for postmenopausal women. It should not be taken with the 

cholesterol-lowering drug cholestyramine (Questran) or with estrogens.

Investigational Drugs for Breast Cancer Prevention .Aromatase inhibitors such as 

anastrazole (Armidex), letrozole (Femara), and exemestane (Aromasin) are effective 

treatments for postmenopausal women with hormone-receptor positive breast cancer. 

Like tamoxifen, these drugs are also being investigated for protection in high-risk women. 

However, aromatase inhibitors may decrease bone mineral density and cognitive function, 

and increase the risk for falls.

2.3.4. Symptoms

Breast cancers in their early stages are usually painless. Often the first symptom is the 

discovery of a hard lump. Fifty percent of such masses are found in the upper outer 

quarter of the breast. The lump may make the affected breast appear elevated or 

asymmetric. The nipple may be retracted or scaly. Sometimes the skin of the breast is 

dimpled like the skin of an orange. In some cases there is a bloody or clear discharge 

from the nipple. Many cancers, however, produce no symptoms and cannot be felt on 

examination. They can be detected only with a mammogram.

Monthly breast self-exams should always include: visual inspection (with and without a 

mirror) to note any changes in contour or texture, and manual inspection in standing and 

reclining positions to note any unusual lumps or thicknesses.

2.3.5. Diagnosis

Breast Examination by a Health Professional. Women ages 20 - 49 should have a 

physical examination by a health professional every 1-2 years. Those over age 50 should 

be examined annually.

Self-Examinations. Women have been encouraged to perform self-examination each 

month, but some studies have reported no difference in mortality rates between women 

who do self-examination and those who do not. This does not mean women should stop

88



Literature review

attempting self-examinations, but they should not replace the annual examination done by 

a health professional.

Monthly Self-Examination

1. Pick a time of the month that is easy to remember and perform self-examination 

at that time each month: The breast has normal patterns of thickness and lumpiness that 

change within a monthly period, and a consistently scheduled examination will help 

differentiate between what is normal from abnormal. Many doctors recommend breast 

awareness rather than formal monthly self-examinations.

2. Stand in front of a mirror: Breasts should be basically the same size (one may be 

slightly larger than the other). Check for changes or redness in the nipple area. Look for 

changes in the appearance of the skin. With hands on the hips, push the pelvis forward 

and pull the shoulders back and observe the breasts for irregularities. Repeat the 

observation with hands behind the head. Move each arm and shoulder forward.

3. Lie down on the back with a rolled towel under one shoulder: Apply lotion or bath 

oil over the breast area. The finger action should be as follows: Using the 2nd, 3rd, and 

4th finger pads (not tips) held together, make dime-sized circles. Press lightly first to feel 

the breast area, and then press harder using a circular motion.

Using this motion, start from the collarbone and move downward to underneath the 

breast. Shift the fingers slightly over, slightly overlapping the previously checked region, 

and work upward back to the collarbone. Repeat this up-and-down examination until the 

entire breast area has been examined. Be sure to cover the entire area from the collarbone 

to the bottom of the breast area and from the middle of the chest to the armpits. Move the 

towel under the other shoulder and repeat the procedure.

Examine the nipple area, by gently lifting and squeezing it and checking for discharge.

4. Repeat step 3 in an upright position: (The shower is the best place for this, using 

plenty of soap.)

Note: A lump can be any size or shape and can move around or remain fixed. Of special 

concern are specific or unusual lumps that appear to be different from the normal varying
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thicknesses in the breast. Monthly breast self-exams should always include: visual 

inspection (with and without a mirror) to note any changes in contour or texture, and 

manual inspection in standing and reclining positions to note any unusual lumps or 

thicknesses.

Mammograms

Current Recommendations for Screening. Mammograms are very effective low- 

radiation screening methods for breast cancer. At this time, the U.S. Preventive Services 

Task Force recommends screening mammograms, with or without breast examination, 

every 1-2 years for all women over age 40. Guidelines from the American College of 

Physicians (ACP), however, debate whether women with a low risk for breast cancer 

should begin mammogram screening at age 40. The 2007 guidelines, instead, recommend 

that women in their 40s ask their doctor when they should begin having the test. In 

contrast, the American Cancer Society and the U.S. National Cancer Institute continue to 

endorse annual screening for women age 40 and older. Supporters of the ACP guidelines 

believe that their recommendations reflect some of the risks involved in screening 

younger women. These risks include radiation exposure and unnecessary biopsies. 

Mammographies in younger women produce a relatively high rate of false-positive results 

(when the test falsely indicates breast cancer). Scientists are working on new technologies 

to improve mammography's accuracy, but more work is needed. Opponents of the ACP 

guidelines argue that mammograms help catch tumors while they are in their earliest and 

most treatable stages, and that the most deadly types of breast cancer tend to occur in 

women in their 40s. After age 50, all guidelines recommend annual screenings. As a 

woman ages, her risk for developing breast cancer increases. (Women over age 65 

account for most new cases of breast cancer.) Women with risk factors for breast cancer, 

including , a close family member with the disease, should consider having annual 

mammograms starting 10 years earlier than the age at which the relative was diagnosed.

Other Imaging Techniques

Magnetic Resonance Imaging and Ultrasound. Magnetic resonance imaging (MRI) and 

ultrasound techniques can detect very small tumors (less than half an inch). However, 

they are expensive and time-consuming procedures, and ultrasound may yield more false

positive results. Nevertheless, some doctors believe they are important in identifying
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small tumors missed on mammography in women who are receiving lumpectomy or 

breast-conserving surgeries. Such findings allow surgeons to remove the optimal amount 

of abnormal tissue. Ultrasound may be particularly helpful for women with dense breast 

tissue who show signs of breast cancer. In 2007, the American Cancer Society 

recommended that high-risk women have an MRI of their breast with their annual 

mammogram, including those who have:

• A BRCA1 or BRCA2 mutation

• A first-degree relative (parent, sibling, child) with a BRCA1 or BRCA2 mutation, 

even if they have yet to be tested themselves

• A lifetime risk of breast cancer that has been scored at 20 - 25% or greater based 

on various risk assessment tools that evaluate family history and other factors

• Had radiation to the chest between ages 10-30

• Li-Fraumeni syndrome, Cowden syndrome, or Bannayan-Riley-Ruvalcaba 

syndrome, or may have one of these genetic syndromes based on a history in a 

first-degree relative

For women who have had cancer diagnosed in one breast, MRIs can also be very helpful 

for detecting hidden tumors in the other breast. An important study reported that MRI 

scans of women who were diagnosed with cancer in one breast detected over 90% of 

cancers in the other breast that had been previously missed by mammography or clinical 

breast exam. Currently, few women who are . diagnosed with cancer in one breast are 

offered an MRI of the other breast. Some doctors advocate MRIs for all women newly 

diagnosed with breast cancer; others oppose this view. MRI scans may be most useful for 

younger women with breast cancer who have dense breast tissue that may obscure tumors 

from mammography readings. MRIs are less likely to be helpful for older women with 

early tumors in one breast and. clear mammography readings in the other.

It is very important that women have MRIs at qualified centres that perform many of 

these procedures each year. MRI is a complicated procedure and requires special 

equipment and experienced radiologists. MRI facilities should also be able to offer 

biopsies when suspicious findings are detected.

Scintimammography. In scintimammography, a radioactive chemical is injected into the 

circulatory system, which is then selectively taken up by the tumor and revealed on
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mammograms. This method is used for women who have had abnormal mammograms or 

for women who have dense breast tissue. It is not used for regular screening or as an 

alternative to mammography.

Biopsy

A definitive diagnosis of breast cancer can be made only by a biopsy (a microscopic 

examination of a tissue sample of the suspicious area).

• When a lump can be felt and is suspicious for cancer on mammography, an 

excisional biopsy may be recommended. This biopsy is a surgical procedure for 

removing the suspicious tissue and typically requires general anesthetic.

A core biopsy involves a small incision and the insertion of a spring-loaded hollow 

needle that removes several samples. The patient only requires local anesthetic.

• A wire localization biopsy may be performed if mammography detects 

abnormalities but there is no lump. With this procedure, using mammography as a 

guide, the doctor inserts a small wire hook through a hollow needle and into the 

suspicious tissue. The needle is withdrawn, and the hook is used by the surgeon to 

locate and remove the lesion. The patient may receive local or general anesthetic.

• A vacuum-assisted'device may be used for some biopsies. This uses a single probe 

. through which a vacuum is used to draw out tissue. It allows several samples to be

taken without having to remove and re-insert the probe.

Final analysis of the breast tissue may take several days.

Lymphadenectomy

If breast cancer has been determined, the next diagnostic step is to find out how far it has 

spread. To do this, the doctor performs a procedure called an axillary lymphadenectomy, 

which partially or completely removes the lymph nodes in the armpit beside the affected 

breast (called axillary lymph nodes). It may require a hospital stay of 1 - 2 days. Once the 

lymph nodes are removed, they are analyzed to determine whether subsequent treatment 

needs to be more or less aggressive:
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• If no cancer is found in the lymph nodes, the condition is referred to as node 

negative breast cancer. The chances are good that the cancer has not spread and is 

still local.

• If cancer cells are present in the lymph nodes, the cancer is called node positive. 

Their presence increases the possibility that the cancer has spread microscopically 

to other areas of the body. In such cases, however, it is still not known if the 

cancer has metastasized beyond the lymph nodes or, if so, to what extent. The 

doctor may perform further tests to see if the cancer has spread to the bone (bone 

scan), lungs (x-ray or CT scan) or brain (MRI or CT scan).

Side effects of the procedure may include increased risk for infection and pain, swelling 

in the arm from fluid build-up, and impaired sensation and restricted movement in the 

affected arm.

Sentinel Node Biopsy

Sentinel node biopsy is a less invasive alternative to axillary lymph node dissection. This 

procedure can help determine if cancer has spread beyond the nodes. If the doctor finds 

no evidence of cancer, the patient may not need to have a complete axillary 

lymphadenectomy.

Sentinel node biopsy involves:

• The procedure uses an injection of a tiny amount of a tracer, either a 

radioactively-labeled substance (radioisotope) or a blue dye, into the tumor site.

\ The tracer or dye then flows through the lymphatic system into the sentinel node. 

This is the first lymph node to which any cancer would spread.

• The sentinel lymph node and possibly one or two others are then removed.

• If they do not show any signs of cancer, it is highly likely that the remaining 

lymph nodes will be cancer free, making further surgery unnecessary.

Patients who have a sentinel node biopsy tend to have better arm function and a shorter 

hospital stay than those who have an axillary node biopsy. The American Society of 

Clinical Oncology's guidelines recommend sentinel node biopsy instead of axillary lymph 

node dissection for women with early stage breast cancer who do not have nodes that can
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be felt during a physical exam. It is still not known if the sentinel node biopsy has any 

survival advantages compared to standard lymph node removal procedures.

2.3.6. Prognosis

Breast cancer is the second most lethal cancer in women. (Lung cancer is the leading 

cancer killer in women.) The good news is that early detection and new treatments have 

improved survival rates. The 5-year survival rate for women diagnosed with cancer is 

80%. About 88% of women diagnosed with breast cancer will survive at least 10 years. 

Unfortunately, women in lower social and economic groups still have significantly lower 

survival rates than women in higher groups.

Several factors are used to determine the risk for recurrence and the likelihood of 

successful treatment. They include:

• Location of the tumor and how far it has spread

• Whether the tumor is hormone receptor-positive or -negative

• Tumor markers

• Gene expression

• Tumor size and shape

• Rate of cell division

The good news is that women are living longer with breast cancer. Due to better treatment 

options, breast cancer mortality rates declined by about 25% since 1990. However, 

survivors must live with the uncertainties of possible recurrent cancer and some risk for 

complications from the treatment itself. Recurrences of cancer usually develop within 5 

years of treatment. About 25% of recurrences and half of new cancers in the opposite 

breast occur after 5 years.

Location of the Tumor

The location of the tumor is a major factor in outlook:

• If the cancer is ductal carcinoma in situ (DCIS) or has not spread to the lymph 

nodes (node negative), the 5-year survival rates with treatment are up to 98%.
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• If the cancer has spread to the lymph nodes or beyond the primary site (node 

' positive), the 5-year survival rate is about 84%.

• If the cancer has spread (metastasized) to other sites (most often the lung, liver, 

and bone), the average 5-year survival rate is 27%. New drug therapies, 

particularly aromatase inhibitors, have helped prolong survival for women with 

metastatic cancer.

The location of the tumor within the breast is an important predictor. Tumors that develop 

toward the outside of the breast tend to be less serious than those that occur more toward 

the middle of the breast.

Hormone Receptor-Positive or -Negative

Breast cancer cells may contain receptors, or binding sites, for the hormones estrogen and 

progesterone. Cells containing these binding sites are known as hormone receptor

positive cells. If cells lack these connectors, they are called hormone receptor-negative 

cells. About 75% of breast cancers are estrogen receptor-positive (ER-positive, or ER+). 

About 65% of ER-positive breast cancers are also progesterone receptor-positive (PR- 

positive, or PR+). Cells that have receptors for one of these hormones, or both of them, 

are considered hormone receptor-positive. Hormone receptor-positive cancer is also 

called "hormone sensitive" because it responds to hormone therapy such as tamoxifen or 

aromatase inhibitors. Hormone receptor-negative tumors are referred to as "hormone 

insensitive" or "hormone resistant." Women have a better prognosis if their tumors are 

hormone receptor-positive because these cells grow more slowly than receptor-negative 

cells. In addition, women with hormone receptor-positive cancer have more treatment 

options. (Hormone receptor-negative tumors can be treated only with chemotherapy.) 

Recent declines in breast cancer mortality rates have been most significant among women 

with estrogen receptor-positive tumors, due in part to the widespread use of post-surgical 

hormone drug therapy.

Tumor Markers

Tumor markers are proteins found in blood or urine when cancer is present. Although 

they are not used to diagnose cancer, the presence of certain markers can help predict how
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aggressive a patient’s cancer may be and how well the cancer may respond to certain 

types of drugs.

Tumor markers relevant for breast cancer prognosis include:

HER2. The American Cancer Society recommends that all women newly diagnosed with 

breast cancer get a biopsy test for a growth-promoting protein called HER2/neu. HER2- 

positive cancer usually occurs in younger women and is more quickly-growing and 

aggressive than other types of breast cancer. The HER2 marker is present in about 20% of 

cases of invasive breast cancer. Two types of tests are used to detect HER2:

• Immunohistochemistry (IHC)

• Fluorescence in-situ hybridization (FISH)

Some doctors think that FISH is a more accurate test than IHC. According to 2006 HER2 

testing guidelines from the American Society of Clinical Oncology and the College of 

American Pathologists, either test may be used as long as it is performed by an accredited 

laboratory. Tests that are not clearly positive or negative should be repeated. Treatment 

with trastuzumab (Herceptin) or lapatinib (Tykerb) may help women who test positive for 

HER2. In 2008, the FDA approved a new genetic test (Spot-Light) that can help 

determine which patients with HER2-positive breast cancer may be good candidates for 

trastuzumab treatment.

Other Markers. Other markers that may be evaluated include CA 15-3, CA 27.29, CEA, 

ER, PgR, uPA, and PAI-l.

Gene Expression Profiling

Gene expression profiling tests (Oncotype DX, MammaPrint) examine a set of genes in 

tumor tissue to determine the likelihood of breast cancer recurrence. These tests are also 

used to help determine whether adjuvant (following surgery) drug treatments should be 

given. The American Society of Clinical Oncology and the National Comprehensive 

Cancer Network now recommend that gene expression profiling tests be administered to 

newly diagnosed patients with node-negative, estrogen-receptor-positive breast cancer. 

Based on the results, a doctor can decide whether a patient who has had surgery may 

benefit from chemotherapy.
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Other Factors for Predicting Outlook

Tumor Size and Shape. Large tumors pose a higher risk than small tumors. 

Undifferentiated tumors, which have indistinct margins, are more dangerous than those 

with well-defined margins.

Rate of Cell Division. The more rapidly a tumor grows, the more dangerous it is. Several 

tests measure aspects of cancer cell division and may eventually prove to predict the 

disease. For example, the mitotic index (MI) is a measurement of the rate at which cells 

divide. The higher the MI, the more aggressive the cancer. Other tests measure cells at a 

certain phase of their division.

Effect of Emotions and Psychological Support

Recent evidence has not supported early reports of survival benefits for women with 

metastatic breast cancer who engage in support groups. However, some studies have 

suggested that psychotherapy, group support, or both may relieve pain and reduce stress, 

particularly in women who are suffering emotionally. Stress has been ruled out as a risk 

factor either for breast cancer itself or for its recurrence.

Treatment

The three major treatments of breast cancer are surgery, radiation, and drug therapy. No 

one treatment fits every patient, and combination therapy is usually required. The choice 

is determined by many factors, including the age of the patient, menopausal status, the 

kind of cancer (ductal verses lobular), its stage, and whether or not the tumor contains 

hormone-receptors.

Breast cancer treatments are defined as local or systemic:

• Local Treatment. Surgery and radiation are considered local therapies because 

they directly treat the tumor, breast, lymph nodes, or other specific regions. 

Surgery is usually the standard initial treatment.

• Systemic Treatment. Drug treatment is called systemic therapy, because it affects 

the whole body. Drugs may include either chemotherapy or hormone therapy. 

Drug therapy may be used as primary therapy for patients for whom surgery or
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radiation therapy is not appropriate, neoadjuvant therapy (before surgery or 

radiation) to shrink tumors to a size that can be treated with local therapy, or as 

adjuvant therapy (following surgery or radiation) to reduce the risk of cancer 

recurrence. For metastatic cancer, drugs are used not to cure but to improve 

quality of life and prolong survival.

Any or all of these therapies may be used separately or, most often, in different 

combinations. For example, radiation alone or with chemotherapy or hormone therapy 

may be beneficial before surgery, if the tumor is large or not easily removed at 

prevention. Surgery followed by radiation and hormone therapy is usually recommended 

for women with early-stage, hormone-sensitive cancer. There are numerous clinical trials 

investigating new treatments and treatment combinations. Patients, especially those with 

advanced stages of cancer, may wish to consider enrolling in a clinical trial.

2.3.7. Cancer Stage and Treatment Options

Treatment strategies depend in part on the stage of the cancer.

Stage 0 (Carcinoma in Situ):Stage 0 breast cancer is considered non-invasive (in situ"), 

meaning that the cancer is still confined within breast ducts or lobules and has not yet 

spread to surrounding tissues. Stage 0 cancer is classified as either:

• Ductal carcinoma in situ (DCIS). These are cancer cells in the lining of a duct that 

have not invaded the surrounding breast tissue.

• Lobular carcinoma in situ (LCIS). These are cancer cells in the lobules of the 

breast. LCIS rarely develops into invasive breast cancer, but having it in one 

breast increases the risk of developing cancer in the other breast.

Treatment options for DCIS include:

• ^Breast-conserving surgery and radiation therapy (followed by hormone therapy

for women with hormone-sensitive cancer). Many doctors recommend this 

approach.

• Total mastectomy (followed by hormone therapy for women with hormone- 

sensitive cancer)

• Breast-conserving surgery without radiation therapy
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Treatment options for LCIS include:

• Regular exams and mammograms to monitor any potential changes (observation 

treatment)

• Hormone therapy to prevent development of breast cancer (for women with 

hormone-sensitive cancer)

• Mastectomy of both breasts was previously used as treatment, but is now rarely 

recommended

Stage I and II (Early-Stage Invasive): In stage I cancer, cancer cells have not spread 

beyond the breast and the tumor is no more than 2 cm (about 3/4 of an inch) across.

Stage II cancer is classified as either stage IIA or stage lib.

In stage IIA cancer the tumor is either:

• No more than 2 centimeters and has spread to the underarm lymph nodes (axillary 

lymph nodes)

• Between 2-5 centimeters and has not spread to the underarm lymph nodes 

In stage IIB cancer the tumor is either:

• Larger than 2 centimeters and less than 5 centimeters and has spread to 1 - 3 

axillary lymph nodes

• Larger than 5 centimeters but has now spread to lymph nodes 

Treatment options for stage I and stage II breast cancer may include:

• Breast-conserving surgery (such as lumpectomy) followed by radiation therapy

• Modified radical mastectomy with or without breast reconstruction

• Post-surgical therapy (adjuvant therapy), including radiation of lymph nodes, 

chemotherapy, or hormone therapy

• Trastuzumab (Herceptin) given along with or following adjuvant chemotherapy 

for women with HER2-positive cancer

Stage III (Locally advanced): Stage III breast cancer is classified into several sub

categories: Stage IIIA, stage IIIB, and stage IIIC (operable or inoperable).
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In stage IIIA breast cancer, the tumor is either:

• Not more than 5 centimeters and has spread to 4 - 9 axillary lymph nodes

• Larger than 5 centimeters and has spread to 1 - 9 axillary nodes or to internal 

mammary nodes.

Treatment options for stage IIIA breast cancer are the same as those for stages I and II.

In stage IIIB breast cancer, the tumor has spread to either:

• Tissues near the breast (including the skin or chest wall)

• Lymph nodes within the breast or under the arm

Stage IIIB treatment options may include:

• Chemotherapy, and possibly hormone therapy (sometimes in combination with 

chemotherapy)

• Chemotherapy followed by surgery (breast-conserving surgery or total 

mastectomy) with lymph node dissection followed by radiation therapy and 

possibly more chemotherapy or hormone therapy

• Clinical trials

Stage IIIC breast cancer is classified as either operable or inoperable.

In operable stage IIIC, the cancer may be found in:

• 10 or more of the underarm lymph nodes

• Lymph nodes beneath the collarbone and near the neck on the same side of the 

body as the affected breast

• Lymph nodes within the breast as well as underarm lymph nodes

Treatment options for operable stage III breast cancer are the same as those for stage I 

and II breast cancers.

In inoperable stage HI breast cancer, the cancer has spread to lymph nodes above the 

collarbone and near the neck on the same side of the body as the affected breast. 

Treatment options are the same as those for stage IIIB.
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kStage IV (Advanced Cancer): In stage IV, the cancer has spread (metastasized} from the , • • xh

\\^ > Vbreast to other parts of the body. In about 75% of cases, the cancer has spread.to the bone.\y ■. . ■
The cancer at this stage is considered to be chronic and incurable, and the us^£(ilness,pf y-V' 

treatments is limited. The goals of treatment for stage IV cancer are to stabilize the 

disease and slow its progression, as well as to reduce pain and discomfort.

Treatment options for stage IV cancer include:

• Surgery or radiation for any localized tumors in the breast.

• Chemotherapy, hormone therapy, or both. Targeted therapy with trastuzumab 

(Herceptin) or lapatinib (Tykerb) should be considered for women with HER2- 

positive cancer.

• Cancer that has spread to the brain may require radiation and high-dose steroids.

• Cancer that has spread to the bone may be helped by radiation or bisphosphonate 

drugs. Such treatments can relieve pain and help prevent bone fractures.

• Clinical trials of new drugs or drug combinations, or experimental treatments such 

as high-dose chemotherapy with stem cell transplant.

Post-Treatment Care

The American Society of Clinical Oncology (ASCO) recommends follow-up care for 

patients who have been treated for breast cancer:

• Visit your doctor every 3-6 months for the first 3 years after your first cancer 

treatment, every 6-12 months during the fourth and fifth year, and once a year 

thereafter.

• Have a mammogram 1 year after the mammogram that diagnosed your cancer (but 

no earlier than 6 months after radiation therapy), and every 6-12 months 

thereafter.

• Perform a breast self-exam every month (however, this is no substitute for a 

mammogram).

• See your gynecologist regularly (women taking tamoxifen should be sure to report 

any vaginal bleeding).

• A year after diagnosis, you can either continue to see your oncologist or transfer 

your care to your primary care physician.
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• If you are on hormone therapy, discuss with your oncologist how often to 

schedule follow-up visits for re-evaluation of your treatment.

ASCO does not recommend the use of laboratory blood tests (complete blood counts, 

carcinoembryonic antigen) or imaging tests (bone scans, chest x-rays, liver ultrasound, 

FDG-PET scan, CT scan) for routine breast cancer follow-up.

Genetic counselling may be helpful if you have:

• Ashkenazi Jewish heritage

• Personal or family history of ovarian cancer

• Personal or family history of cancer in both breasts

• Any first-degree female relative (mother, sister, daughter) diagnosed with breast 

cancer before age 50

• Two or more first-degree or second-degree (grandparent, aunt, uncle) diagnosed 

with breast cancer

• History of breast cancer in a male relative

Pregnancy after Breast Cancer Treatment. There are no definite recommendations on 

how long a woman should wait to become pregnant after breast cancer treatment. Because 

of the connection between estrogen levels and breast cancer cell growth, some doctors 

recommend delaying pregnancy until 2 years after treatment in order to reduce the risk of 

cancer recurrence and improve odds for survival. However, other studies indicate that 

conceiving 6 months after treatment does not negatively affect survival. Discuss with 

your doctor your risk for recurrence, and when it may be safe to attempt pregnancy.

Recurrent Breast Cancer

Recurrent breast cancer is considered to be an advanced cancer. In such cases, the disease 

has come back in spite of the initial treatment. Most recurrences appear within the first 2 - 

3 years after treatment, but breast cancer can recur many years later. Treatment options 

are based on the stage at which the cancer reappears, whether or not the tumor is hormone 

responsive, and the age of the patient. Between 10 - 20% of recurring cancers are local. 

Most recurrent cancers are metastatic. All patients with recurring cancer are candidates 

for clinical trials.
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Because most breast cancer recurrences are discovered by patients in between doctor 

visits, it is important to notify your doctor if you experience any of the following 

symptoms. These symptoms may be signs of breast cancer recurrence:

• New lumps in the breast

• Bone pain

• Chest pain

• Abdominal pain

• Shortness of breath or difficulty breathing

• Persistent headaches or coughing

• Rash on breast

• Nipple discharge

Surgery

Surgery forms a part of nearly every patient's treatment for breast cancer. The initial 

surgical intervention is often a lumpectomy, the removal of the tumor itself. In the past, 

mastectomy (the removal of the breast) was the standard treatment for nearly all breast 

cancers. Now, many patients with early-stage cancers can choose breast-conserving 

treatment, or lumpectomy followed by radiation, with or without chemotherapy.

For invasive breast cancer, studies indicate that lumpectomy or partial mastectomy 

combined with radiation therapy works as well as a modified radical mastectomy.

Breast-Conserving Procedures

Breast-conserving procedures are now appropriate and as successful as mastectomy in 

most women with early stage breast cancer. All women should discuss these options fully 

with their doctor.. Recurrence rates with conservative surgery are highest in women under 

age 45. Some women choose mastectomy over breast-conserving treatment even if the 

latter is appropriate because it gives them a greater sense of security and allows them to 

avoid radiation therapy.

Lumpectomy. Lumpectomy is the removal of the tumor, often along with lymph nodes in 

the armpit. It serves as an opportunity for biopsy, a diagnostic tool, and a primary 

treatment for small local breast tumors. If invasive cancer is found, the doctor will decide
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to proceed with breast radiation therapy, to remove additional tissue (should the margins 

of the specimen show signs of cancer), or to perform a mastectomy. Lumpectomy 

followed by radiation therapy is appropriate and as effective as mastectomy for most 

women with Stage I or II breast cancers.

Breast-Conserving Surgery (Quadrantectomy). Breast-conserving surgery (sometimes 

referred to as quadrantectomy) removes the cancer and a large area of breast tissue, 

occasionally including some of the lining over the chest muscles. It is less invasive than a 

full mastectomy, but the cosmetic results are less satisfactory than with a lumpectomy. 

Studies have found that breast-conserving surgeries plus postoperative radiotherapy offer 

the same survival rates as radical mastectomy in women with early breast cancer.

Mastectomy

Surgery to remove the breast (mastectomy) is important for women with operable breast 

cancer who are not candidates for breast conserving surgeries. There are different 

variations on the procedure:

• A total mastectomy involves removal of the whole breast and sometimes lymph 

nodes under the armpit.

• A radical mastectomy removes the breast, chest muscles, all of the lymph nodes 

under the arm, and some additional fat and skin. (A modified radical mastectomy 

removes the entire breast and armpit lymph nodes, with the underlying chest wall 

muscle.) For most patients, there are no survival advantages from radical 

mastectomy compared to less invasive mastectomies.

Complications and Side Effects of Surgery. Short-term pain and tenderness occur in the 

area of the procedure, and pain relievers may be necessary.

The most frequent complication of extensive- lymph node removal is lymphedema, or 

swelling, of the arm, The-likelihood of edema can be lessened by removing only some of 

the lymph nodes instead of all of them.

Infrequent complications include poor wound healing, bleeding, or a reaction to the 

anesthesia.
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After mastectomy and lymph node removal, women may experience numbness, tingling, 

and difficulty in extending the arm fully. These effects can last for months or years 

afterward.

Breast Reconstruction

After a mastectomy, some women choose a breast prosthesis or opt for breast 

reconstruction, which can be performed during the mastectomy itself, if desired. Several 

studies have indicated that women who take advantage of cosmetic surgery after breast 

cancer have a better sense of well-being and a higher quality of life than women who do 

not choose reconstructive surgery. The breast is reshaped using a saline implant or, for a 

more cosmetic result, a muscle flap is taken from elsewhere in the body. Muscle flap 

procedures are more complicated, however, and blood transfusions may be required. (It 

should be noted that implants, including silicone implants, do not appear to put a woman 

at risk for breast cancer recurrence.) If the nipple is removed, it is rebuilt from other body 

tissues and color is applied using tattoo techniques. It is nearly impossible to rebuild a 

breast that is identical to its partner, and additional operations may be necessary to 

achieve a desirable effect.

Radiation

Radiation therapy uses high-energy x-rays to kill cancer cells or to shrink the size of a 

tumor in the breast or surrounding tissue. It is used for several weeks following 

lumpectomy or partial mastectomy, and sometimes after full mastectomy. Radiation 

therapy can help reduce the chance of breast cancer recurrence in the breast and chest 

wall. Radiation is also important in advanced stages of cancer for relief of symptoms and 

to slow progression. Research shows that radiation therapy is helpful for women of all 

ages, including those over age 65.

Administration of Radiation Therapy

Radiation is generally administered in the following ways:

External Beam Radiation. This type of radiation is administered 4-6 weeks after 

surgery and delivered externally by an x-ray machine that targets radiation to the whole 

breast. It may be delivered to the chest wall in high-risk patients (large tumors, close
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surgical margins, or lymph node involvement). The treatment is generally given daily 

(except for weekends) for about 6 weeks. Some hospitals offer a shortened course of 3 

weeks of radiation for patients with early-stage breast cancer.

Br achy therapy. Less commonly, radiation is delivered in implants (called 

brachytherapy). Implants are most often used as a radiation boost after whole breast 

radiation.

Side Effects of Radiation Therapy 

Side effects of radiation include:

• Fatigue is very common and increases with subsequent treatments, but most 

women are able to continue with normal activities. Exercise may be helpful.

• Nausea and lack of appetite may develop and worsen as treatment progresses.

• Skin changes and bums can occur on the breast skin. Using a cream that contains 

a corticosteroid, such as mometasone furoate (MMF), may be helpful. After 

repeated sessions, the skin may become moist and "weepy." Exposing the treated 

skin to air as much as possible helps healing. Washing the affected skin with soap 

and water is not harmful.

• Uncommonly, the breast may change color, size, or become permanently firm.

• Rarely, the nearest arm may swell and develop impaired mobility or even 

paralysis.

Long-Term Complications

Future complications include:

• Radiation to the left breast may increase the long-term risk for developing heart 

disease and heart attacks.

• There is a very small risk (less than 1%) of lung irritation and scarring.

• Some studies have reported a higher risk for future cancer in the opposite breast in 

younger women who have been given radiation to the chest wall.

• Radiation therapy can increase the risk of developing other cancers, such as soft 

tissue malignancies known as sarcomas.
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Current advanced imaging techniques use precise radiation that reduces exposure. These 

newer techniques are likely to reduce the risks for heart disease and other serious 

complications.

Chemotherapy

Chemotherapy drugs are "cytotoxic" (cell-killing) drugs. They are given orally or by 

injection. They work systemically by killing cancer cells throughout the body. 

(Unfortunately, they also kill normal cells, which accounts for many of their side effects.) 

Chemotherapy is always used for advanced breast cancer, but may also be used to treat 

types of early-stage breast cancer. Newer biologic drugs target specific proteins involved 

in cancer. Because they do not work as systemically as chemotherapy or hormone therapy 

drugs, they tend to cause fewer widespread side effects, although they also carry risks of 

their own Chemotherapy needs to be tailored to the type of cancer involved. Women 

require different treatments depending on whether the tumor is node-negative or -positive, 

hormone receptor-positive or -negative, or HER2-positive or -negative. Different 

treatment approaches are also used for early-stage cancer and advanced cancer. In 

general, women with hormone receptor-negative cancers respond better to chemotherapy 

than women with hormone receptor-positive cancer. However, some women with 

hormone receptor-positive cancer do benefit from chemotherapy, as well as from 

hormone therapy. Adjuvant chemotherapy is administered following surgery and before 

radiation therapy. Delaying chemotherapy , until more than 12 weeks after surgery may 

increase the risk for breast cancer recurrence and reduce the odds for survival.

Chemotherapy Drug Classes

Many different types of chemotherapy drugs are used to treat breast cancer. Common 

types of chemotherapy drug classes include:

• Anthracyelines include doxorubicin (Adriamyein) and epirubicin (Ellenee). 

Anthracyeline-based combination regimens are often used to treat early-stage 

breast cancer, as well as advanced cancer.

• Taxanes include paelitaxel (Taxol) and docetaxel (Taxotere). These drugs may be 

particularly helpful for node-positive breast cancer. A newer formulation of 

paelitaxel (Abraxane) is used_as a secondary treatment for advanced breast cancer.
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• Platinum-based drugs include oxaliplatin (Eloxatin) and carboplatin (Paraplatin). 

These drugs may be used in combination regiments for advanced cancer or for 

cancers associated with BRCA genes.

Chemotherapy Regimens for Early-Stage Breast Cancer

Some of the abbreviations used for chemotherapy drug combinations (regimens) refer to 

drug classes rather than drug names. For example, regimens that contain an anthracycline 

drug (such as doxorubicin) use the letter "A," and regimens that contain a taxane drug 

(such as docetaxel) use the letter "T." Cyclophosphamide (Cytoxan), fluorouracil (5-FU), 

and methotrexate (MTX) are standard cancer drugs used in many breast cancer 

chemotherapy regimens.

Chemotherapy regimens usually consist of 4 - 6 cycles of treatment given over 3-6 

months. Common chemotherapy regimens for early-stage breast cancer include:

• AC (Doxorubicin and cyclophosphamide)

• AC followed by T (Doxorubicin and cylophosphamide followed by paclitaxel)

• CAF (Cyclophosphamide, doxorubicin, and 5-FU)

• CMF (Cyclophosphamide, methotrexate, and 5-FU)

• TAC (Docetaxel, doxorubicin, and cyclophosphamide)

Targeted Therapy for Early-Stage HER2-Positive Breast Cancer

Trcistuzumab (Herceptin). Trastuzumab is a monoclonal antibody that targets the HER2 

protein on cancer cells. HER2-positive cancers account for 15 - 25% of early-stage breast 

cancer and are associated with more aggressive disease. Younger women tend to be most 

affected. In 2006, the Food and Drug Administration approved trastuzumab for treatment 

of HER2-positive, early-stage breast cancer (cancer confined to the breasts or lymph 

nodes that has been surgically removed).

Trastuzumab is given along with other chemotherapy drugs following lumpectomy or 

mastectomy. Research indicates that trastuzumab can help prevent cancer recurrence and 

death among women with early-stage breast cancer, but it increases the risk of heart 

problems. Trastuzumab can cause heart failure. Women who have heart failure or weak 

heart muscle (cardiomyopathy) should not use this drug. Women who take trastuzumab
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need to have regular heart monitoring, especially if they have already have heart 

problems.

Chemotherapy for Advanced (Metastatic) Cancer

Patients who develop metastatic disease (cancer that spreads throughout the body) are 

generally not curable. New advances in drug therapies, however, can help shrink tumors, 

prolong survival, and improve quality of life. Chemotherapy regimens for advanced 

cancer may use a single drug or a combination of drugs. Many chemotherapy regimens 

used for early-stage breast cancer are also used for advanced breast cancer. Some specific 

combinations for advanced cancer include:

• Gemcitabine and paclitaxel. In 2004, the Food and Drug Administration approved 

the antimetabolite drug gemcitabine (Gemzar) for use in combination with 

paclitaxel (Taxol) as a first-line treatment option for women with metastatic breast 

cancer.
• Capecitabine (Xeloda) and docetaxel (Taxotere). Capecitabine is an oral drug that 

is chemically related to 5-FU. It is also being studied in combination with many 

other drugs. In 2007, the FDA approved a new type of drug, ixabepilone 

(Ixempra), for use in combination with capecitabine in patients with advanced 

breast cancer that have not responded to other types of chemotherapy.

Numerous chemotherapy drugs and drug combinations are being tested in clinical trials. 

Patients with advanced breast cancer may also receive other types of drug treatments. 

Bisphosphonate drugs, such as zoledronic acid (Zometa) and pamidronate (Aredia), are 

important supportive drugs for preventing fractures and reducing pain in people whose 

cancer has spread to the bones.

Targeted Therapy for Advanced HER2-Positive Breast Cancer

Three targeted therapy drugs are approved for the treatment of HER2-positive advanced 

breast cancer

• Trastuzumab (Herceptin) was approved in 1998 for treatment of metastatic breast 

cancer. It is used in adjuvant chemotherapy, along with drugs such as paclitaxel.
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• Lapatinib (Tykerb) was approved in 2007 for patients who have not been helped 

by other cancer drugs, including an anthracycline, a taxane, or trastuzumab. 

Lapatinib is used in combination with capecitabine (Xeloda). Research suggests it 

may have fewer risks for heart problems than trastuzumab.

• Bevacizumab (Avastin) was approved in 2008 for treatment of patients who have 

not received chemotherapy for metastatic HER2-negative breast cancer. Studies 

indicate that bevacizumab does not help prolong overall survival, but may help 

slow tumor growth. Bevacizumab is used in combination with paclitaxel. 

Bevacizumab targets vascular endothelial growth factor (VEGF), a protein 

involved in tumor blood vessel formation (angiogenesis).

Investigational Drugs

Promising new treatments for breast cancer include:

• Zoledronic acid (Zometa) is an intravenous bisphosphonate drug that is used to 

help prevent or delay bone fractures in patients with breast cancer that has spread 

to the bones. Recent research suggests that the drug may also help reduce the risk 

for cancer recurrence in patients with early-stage breast cancer.

Side Effects of Chemotherapy

Side effects occur with all chemotherapeutic drugs. They are more severe with higher

doses and increase over the course of treatment.

Common side effects include:

• Nausea and vomiting. Drugs such as ondansetron (Zofran) and aprepitant (Emend) 

can help relieve these side effects.

• Diarrhea

• Temporary hair loss

• Weight loss

• Fatigue

• Depression
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Serious short- and long-term complications can also occur and may vary depending on 

the specific drugs used. They include the following:

• Anemia. Chemotherapy-induced anemia is usually treated with erythropoiesis- 

stimulating drugs, which include epoietin alfa (Epogen, Procrit) and darberpetin 

alfa (Aranesp). Erythropoiesis-stimulating drugs should not be used unless a 

patient’s hemoglobin level drops to below 10 g/dL. These drugs may pose serious 

health risks when they are used to achieve a hemoglobin level of 12 g/dL or 

greater. Doctors need to follow strict dosing guidelines when administering these 

drugs. Patients should discuss the risks and benefits of erythropoiesis-stimulating 

drugs with their oncologists.

• Increased chance for infection from severe reduction in white blood cells 

(neutropenia). The addition of a drug called granulocyte colony-stimulating factor 

(filgrastim and lenograstim) is very helpful in reducing the risk for severe 

infection.

• Liver and kidney damage.

• Abnormal blood clotting (ithrombocytopenia).

• Allergic reaction, particularly to platinum-based drugs.

• Menstrual abnormalities and infertility. Premature menopause occurs in about 

30% of women, particularly in those over 40. A natural hormone medication 

called a gonadotropin-releasing hormone analogue, which puts women in a 

temporary pre-pubescent state during chemotherapy, may preserve fertility in 

some women. Women may also wish to consider embryo cryopreservation -- the 

harvesting of eggs, followed by in vitro fertilization and freezing of embryos for 

later use. The American Society of Clinical Oncology recommends that women 

being treated for cancer see a reproductive specialist to discuss all available 

fertility preservation options.

• Sexual dysfunction.

• Rarely, secondary cancers such as leukemia.

• A quarter to a third of women report problems in concentration, motor function, 

and memory, which can be long-term.

• Heart problems. Trastuzumab (Herceptin) may increase the risk for heart failure, 

particularly in women with pre-existing risk factors. Cumulative doses of
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anthracyclines (doxorubicin, epirubicin) can also damage heart muscles over time 

and increase the risk for heart failure.

• Taxanes can cause a drop in white blood cells and possible problems in the heart 

and central nervous system. Allergic reactions can occur, more often in taxol than 

taxotere. Taking a steroid before taxane administration can help prevent such 

reactions. Taxane therapy may also cause severe joint and muscle pain in some 

patients, relievable with corticosteroids.

High-Dose Chemotherapy with Bone Marrow or Peripheral-Blood Stem Cell 

Transplantation

High-dose chemotherapy along with peripheral-blood stem cell rescue or bone marrow 

transplantation procedures have been used for cancer that has metastasized and, in some 

cases, for earlier stages of breast cancer in high-risk patients. The objective of this 

treatment is to be able to give patients very high toxic doses of cell-killing drags.

Transplantation procedures are based on stem cells, which are produced in the bone 

marrow. Stem cells are the early forms for all blood cells in the body (including red, 

white, and immune cells). Cancer treatments can harm these growing cells as well as 

cancer cells.

Despite the initial enthusiasm over the use of transplantation therapy for treatment of high 

risk breast cancer, this approach is no longer generally recommended and is rarely used 

outside of a clinical trial setting.

Hormone Therapy

The goal of hormone therapy is to prevent estrogen from stimulating breast cancer cells. 

It is recommended for women whose breast cancers are hormone-receptor positive (either 

estrogen or progesterone), regardless of the size of the tumor and whether or not it has 

spread to the lymph nodes. Like chemotherapy, hormone therapy works systemically.

Hormone therapy works by blocking estrogen that causes cell proliferation. It is used only 

for patients with hormone receptor-positive tumors. Different types of hormone therapy 

work in different ways by:
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• Blocking estrogen receptors in cancer cells (Tamoxifen)

• Suppressing estrogen production in the body (Aromatase inhibitors)

• Destroying ovaries, which produce estrogen (Ovarian ablation)

Tamoxifen was the first widely used hormonal therapy drug, but it has been replaced by 

aromatase inhibitors for some women. Aromatase inhibitors are used only to treat 

postmenopausal women. Tamoxifen is mainly used as adjuvant therapy for 

premenopausal women with hormone-sensitive breast cancer.

Tamoxifen and Selective Estrogen Receptor Modulators (SERMs)

Tamoxifen (Nolvadex) has been the standard hormonal drug used for breast cancer. It 

belongs to a class of compounds called selective estrogen receptor modulators (SERMs). 

SERMs chemically resemble estrogen and trick the breast cancer cells into accepting it in 

place of estrogen. Unlike estrogen, however, they do not stimulate breast cancer cell 

growth. Because SERMs block estrogens effects on cancer cells, they are sometimes 

referred to as "anti-estrogen" drugs.

Tamoxifen is used for all cancer stages in women of all ages with hormone receptor

positive cancers. In addition, it is used to prevent breast cancer in high-risk women. 

Another SERM drug, toremifene (Fareston), is an option for women with advanced 

cancer, but this drug is rarely used in the United States. A third drug, fulvestrant 

(Faslodex), works in a similar anti-estrogen way to tamoxifen but belongs to a different 

drug class. Fulvestrant is approved only for postmenopausal women with hormone- 

sensitive advanced breast cancer in which tamoxifen or aromatase inhibitors no longer 

work. To prevent cancer recurrence, women should take tamoxifen for 5 years following 

surgery and radiation. Tamoxifen is an effective cancer treatment, but it can cause 

unpleasant side effects and has small (less than 1%) but serious risks for blood clots and 

uterine (endometrial) cancer. Immediately report any signs of vaginal bleeding to the 

doctor, as this may be a symptom of uterine cancer. Less serious, but discomforting, side 

effects include hot flashes and mood swings. According to one study, nearly 25% of 

women stop taking tamoxifen within 1 year because of these symptoms. By 3.5 years, 

over 33% stop treatment. Taking tamoxifen for fewer than 5 years, however^ increases the 

risk for cancer recurrence and death. Talk with your doctor about antidepressants or other 

therapies that may help you cope with tamoxifens side effects.
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Many doctors now recommend that postmenopausal women switch to an aromatase 

inhibitor after 2 - 3 years of tamoxifen therapy. Several recent studies have indicated that 

switching from tamoxifen to an aromatase inhibitor significantly improves survival rates 

and reduces the risk of death from breast cancer as well as other causes. Endometrial 

cancer is a cancerous growth of the endometrium (lining of the uterus). It is the most 

common uterine cancer.

Aromatase Inhibitors

Aromatase inhibitors block aromatase, an enzyme that is a major source of estrogen in 

many major body tissues, including the breast, muscle, liver, and fat. Aromatase 

inhibitors work differently than tamoxifen. Tamoxifen interferes with tumors ability to 

use estrogen by blocking their estrogen receptors. Aromatase inhibitors reduce the overall 

amount of estrogen in the body. Because these drugs cannot stop the ovaries of 

premenopausal women from producing estrogen, they are recommended only for 

postmenopausal women. There are currently three aromatase inhibitors approved for 

treating early-stage, hormone receptor-positive breast cancer in postmenopausal women:

• Anastrazole (Armidex) for treatment after surgery

• Exemestane (Aromasin) for women who have taken tamoxifen for 2 - 3 years

• Letrozole (Femara) for treatment after surgery or for women who have completed 

5 years of tamoxifen therapy

All of these drugs are also approved for women with advanced (metastatic) hormone- 

sensitive breast cancer. Studies indicate that the introduction of aromatase inhibitors has 

helped greatly in prolonging survival for women with advanced cancer. Compared to 

tamoxifen, aromatase inhibitors are less likely- to cause blood clots and uterine cancer. 

However, these drugs are more likely to cause osteoporosis, which can lead to-bone loss 

and fractures. In general, recent studies indicate that aromatase inhibitors are better than 

tamoxifen in improving.-, survival and reducing the risk of cancer recurrence. 

Unfortunately, like tamoxifen, they can cause hot flashes, as well as joint pain.
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Ovarian Ablation

Ovarian ablation literally shuts down estrogen production from the ovaries. Medications 

can accomplish ovarian ablation. Destroying the ovaries with surgery or radiation can 

also shut down estrogen production. (Osteoporosis is one serious side effect of this 

approach, but several therapies are available to help prevent bone loss.)

Chemical Ovarian Ablation. Drug treatment (non-chemotherapy drugs) to block ovarian 

production of estrogen is called chemical ovarian ablation. It is often reversible. The 

primary drags used are luteinizing hormone-releasing hormone (LHRH) agonists, such as 

goserelin (Zoladex). (They are also sometimes called GnRH agonists). These drugs block 

the release of the reproductive hormones LH-RH, therefore stopping ovulation and 

estrogen production.

Bilateral Oophorectomy. Bilateral Oophorectomy, the surgical removal of both ovaries, 

may modestly improve breast cancer survival rates in some premenopausal women whose 

tumors are hormone receptor-positive. In these women, combining this procedure with 

tamoxifen may improve results beyond those of standard chemotherapies. Oophorectomy 

does not benefit women after menopause, and its advantages can be blunted in women 

who have received adjuvant chemotherapy. The procedure causes sterility and can have a 

major negative emotional impact on younger patients.

2.4. Drug Profile of Docetaxel 

Docetaxel

Docetaxel is a clinically well established anti-neoplastic medication used mainly for the 

treatment of breast, ovarian and non-small cell lung cancer, Docetaxel has an approved 

claim for treatment of patients, who have locally advanced, or metastatic breast or non 

small-cell lung cancer that have undergone anthracyeline-based chemotherapy and failed 

to stop cancer progression or relapsed. Administered as a one-hour infusion every three 

weeks generally, over a. ten cycle course, docetaxel is considered better than doxorubicin, 

paclitaxel and flurouracil as a cytotoxic antimicrotubule agent. Docetaxel is marketed 

under the name Taxotere® (docetaxel) Injection Concentrate by Sanofi-Aventis U.S. 

LLC.
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Chemical formula: C43H53NO14 

Molecular weight: 807.B79 g/mol

Systematic (TUPAC) name:

(2i?,35)-iV-carboxy-3-phenylisoserine, iV-tert-butyl ester, 13-ester with 5, 20-epoxy-l, 2, 

4, 7,10,13-hexahydroxytax-l l-en-9-one 4-acetate 2-benzoate, trihydrate

Chemical Structure, Nature and Composition Nature

Docetaxel is of the chemotherapy drug class; taxane, and is a semi-synthetic analogue of 

paclitaxel (Taxol), an extract from the rare Western yew tree Taxus brevifolia. Due to 

scarcity of paclitaxel, extensive research was carried out leading to the formulation of 

docetaxel - an esterified product of 10-deacetyl baccatin III, which is extracted from the 

renewable and readily available European yew tree.

Docetaxel differs from paclitaxel at two positions in its chemical structure. It has a 

hydroxyl functional group on carbon 10, whereas paclitaxel has an acetate ester and a 

tert-butyl substitution exists on the phenyl propionate side chain. The carbon 10 

functional group change causes docetaxel to be more lipid soluble than paclitaxel.
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Active regions

A model based on electron crystallographic density and nuclear magnetic resonance 

deconvolution has been proposed to explain the binding of docetaxel to P-tubulin. In this 

T-shaped/butterfly model, a deep hydrophobic cleft exists near the surface of the p- 

tubulin where three potential hydrogen bonds and multiple hydrophobic contacts bind to 

docetaxel. The hydrophobic pocket walls contain helices HI, H6, H7 and a loop between 

H6 and H7 that form hydrophobic interactions with the 3'-benzamido phenyl, 3'-phenyl, 

and the 2-benzoyl phenyl of docetaxel. 3’-phenyl also has contact with P-sheets B8 and 

BIO. The C-8 methyl of docetaxel has van der Waals interactions with two residues, Thr- 

276 and Gln-281 near the G-terminal end of P-tubulin. Docetaxel's 0-21 experiences 

electrostatic attraction to Thr-276 and the C-12 methyl has proximity with Leu-371 on the 

loop between B9 and BIO.

Mechanism of action

Molecular target

Docetaxel binds to microtubules reversibly with high affinity and has a maximum 

stoichiometry of 1 mole docetaxel per mole tubulin in microtubules. This binding 

stabilises microtubules and prevents depolymerisation from calcium ions, decreased 

temperature and dilution, preferentially at the plus end of the microtubule. Docetaxel has 

been found to accumulate to higher concentration in ovarian adenocarcinoma cells than 

kidney carcinoma cells, which may contribute to the more effective treatment of ovarian 

cancer by docetaxel. It has also been found to phosphorylate oncoprotein bcl-2, which is 

apoptosis blocking in its oncoprotein form.

Modes of action

The cytotoxic activity of docetaxel is exerted by promoting and stabilising microtubule 

assembly, while preventing physiological microtubule depolymerisation/disassembly in 

the absence of GTP. This leads to a significant decrease in free tubulin, needed for 

microtubule formation and results in inhibition of mitotic cell division between 

metaphase and anaphase, preventing further cancer cell progeny.
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Because microtubules do not disassemble in the presence of docetaxel, they accumulate 

inside the cell and cause initiation of apoptosis. Apoptosis is also encouraged by the 

blocking of apoptosis-blocking bcl-2 oncoprotein. Both in vitro and in vivo analysis show 

the anti-neoplastic activity of docetaxel to; be effective against a wide range of known 

cancer cells, cooperate with other anti-neoplastic agents activity, and have greater 

cytotoxicity than paelitaxel, possibly due to its more rapid intracellular uptake.

The main mode of therapeutic action of docetaxel is the suppression of microtubule 

dynamic assembly and disassembly, rather than microtubule bundling leading to 

apoptosis, or the blocking of bcl-2.

Cellular responses

Docetaxel exhibits cytotoxic activity on breast, colorectal, lung, ovarian, gastric, renal 

and prostate cancer cells. Docetaxel does not block disassembly of interphase 

microtubules and so does not prevent entry into the mitotic cycle, but does block mitosis 

by inhibiting mitotic spindle assembly. Resistance to paelitaxel or anthracycline 

doxorubicin does not necessarily indicate resistance to docetaxel. Microtubules formed in 

the presence of docetaxel are of a larger size than those formed in the presence of 

paelitaxel, which may result in improved cytotoxic efficacy. Abundant formation of 

microtubules and the prevention to replicate caused by the presence of docetaxel leads to 

apoptosis of tumor cells and is the basis of docetaxel use as a cancer treatment. It is 

unknown if pathophysiological interactions with docetaxel exist at this stage, however 

tumor type has been shown to have efficacy on cellular activity. Docetaxel activity is 

significantly greater in ovarian and breast tumors than for lung tumors.

Pharmacokinetics

Absorption and distribution

Intravenous administration of docetaxel results in 100% bioavailability and absorption is 

immediate. Oral bioavailability has been found to be 8% ± 6% on its own and when co

administered with cyclosporine, bioavailability increased to 90% ± 44%. In practice, 

docetaxel is administered intravenously only to increase dose precession. Evaluation of 

docetaxel pharmacokinetics in phase II and III clinical studies were with 100 mg/m2 

dosages given over one-hour infusions every three weeks. The main plasma proteins
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docetaxel binds are lipoproteins, alphal acid glycoprotein and albumin. Alphal acid 

glycoprotein is the most variable of these proteins inter-individually, especially in cancer 

patients and so is the main determinant docetaxel plasma binding variability. Docetaxel 

interacted little with erythrocytes and was unaffected by the polysorbate 80 in its storage 

medium.

The concentration-time profile of docetaxel was consistent with a three compartment 

pharmacokinetic model. An initial, relatively rapid decline, with an a half-life of mean 

4.5 minutes is representative of distribution to peripheral compartments from the systemic 

circulation. A p half-life of mean 38.3 minutes and a relatively slow y half-life of mean 

12.2 hours represent the slow efflux of docetaxel from the peripheral compartment.

Administration a 100 mg/m2 dose over a one hour infusion gave a mean total body 

clearance of 21 L/h/m2 and a mean steady state volume of distribution of 73.8 L/m2 or 

123 L based on the mean BSA (body surface area) of 1.68 m2. Area under the plasma 

concentration-time curve had a mean value of 2.8 mg.h/L. The Cmax of docetaxel was 

found to be 4.15 ±1.35 mg/L. Increased dose resulted in a linear increase of the area 

under the concentration-time curve and so it is concluded that dose is directly 

proportional to plasma concentration.

Metabolism and excretion

Docetaxel is mainly metabolised in the liver by the cytochrome P450 CYP3A4 and 

CYP3A5 subfamilies of isoenzymes. Metabolism is principally oxidative and at the tert- 

butylpropionate side chain, resulting first in an alcohol docetaxel (M2), which is then 

cyclised to three further metabolites (Ml, M3 and M4). Ml and M3 are two diasteromerie 

hydroxyoxazolidinones and M4 is an oxazolidinedione. Phase II trials of 577 patients 

showed docetaxel clearance to be related to body surface area and; hepatic enzyme and 

alphal acid glycoprotein, plasma levels. The following model is agreed to represent 

docetaxel clearance in humans:

CL = BSA (22.1 - 3.55AAG - 0.095AGE + 0.2245ALB) . (1 - 0.334HEP12)

Where CL is total body clearance (L/h), AAG and ALB represent alphal acid 

glycoprotein and albumin plasma concentrations (g/L) respectively, BSA is total body
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surface area (m2) and AGE is the patients age (years). HEP 12 represents a measure of 

hepatic dysfunction, affecting clearance of docetaxel. This final model accounted for a 

modest proportion of patients and identified most of the patients varying from the model 

(population median of CL = 35.6 L/h) as having hepatic dysfunction, indicating hepatic 

function as the most unpredictable factor with regards to clearance variability.

Patients with significant hepatic dysfunction had an approximately 30% decrease in 

clearance of docetaxel and were also at a higher risk of toxicity poisoning from docetaxel 

treatment. Clearance has been shown from population pharmacokinetic studies to 

decrease significantly with age, increased alphal acid glycoprotein and albumin 

concentrations and decreased body surface area.

Renal impairment is unlikely to affect metabolism or excretion of docetaxel as renal 

excretion contributes less than 5% of elimination. Limited data is available for docetaxel 

use in children with dosage between 55 and 75 mg/m2. Two pediatric studies have taken 

place that shows a mean clearance of 33 L/h/m2 and concentration-time profiles best 

fitted by a two-compartmental model of distribution and elimination. Mean distribution 

half-life was 0.09 hours and mean elimination half-life was 1.4 hours in pediatric studies.

Biodistribution of 14C-labelled docetaxel in three patients showed the bulk of the drug to 

be metabolized and excreted in bile to the faces. Of the radioactively labeled docetaxel 

administered, 80% was eliminated to the faces with 5% in the urine over seven days, an 

indication that urinary excretion of docetaxel is minimal. Saliva contributed minimal 

excretion and no excretion was detected through pulmonary means. The terminal half-life 

of docetaxel was determined as approximately 86 hours, through prolonged plasma 

sampling, contrary to the clinically stated terminal half-life of 10-18 hours.

Therapeutic Applications and Effects 

Therapeutic applications

The main use of docetaxel is the treatment of a variety of cancers after the failure of 

anthraeycline-based chemotherapy. Marketing of docetaxel as Taxotere® is mainly 

towards the treatment of breast, prostate and other non-small cell cancers. Clinical data 

has shown docetaxel to have cytotoxic activity against breast, colorectal, lung, ovarian, 

prostate, liver, renal and gastric cancer and melanoma cells. In the treatment of breast
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cancer, eight phase II studies were carried out in patients with either locally advanced or 

metastatic breast cancer. Taxotere® was administered over a one-hour infusion every 

three weeks for these trials. The 75 mg/m2 cohort showed an overall response rate of 47% 

and 9% complete responses. Duration of response and the time to progression (treatment 

failure) had median values of 34 weeks and 22 weeks, respectively. Patients with two or 

fewer organs involved had a response rate of 58.6%, whereas patients with three or more 

organs involved showed 29.4% response.

Previously untreated patients in the 100 mg/m2 cohort had an overall response rate of 

56% and 9.4% complete responses. The previously treated population had an overall 

response of 48.6% and 3.6% complete responses. Median duration of response and time 

to progression was 30 weeks and 21 weeks for the previously untreated population and 28 

weeks and 19 weeks for the previously treated patients. The 100 mg/m2 cohort showed 

higher toxicity. Previously untreated patients with three or more organs involved had a 

54.3% response rate and previously treated patients had a 55.8% response rate.

Two randomized phase III studies of 326 alkylating agent failure and 392 anthracycline 

failure metastatic breast cancer patients have been carried out with 100 mg/m2 dosages 

administered over a one-hour infusion every three weeks for seven and ten cycles 

respectively. While no significant differences in median time to progression or survival 

were observed between docetaxel and doxorubicin in alkylating agent failure patients, 

anthracycline failure patients showed increased response rate to docetaxel. Median time 

to progression and median overall survival were also improved with docetaxel.

The following table is the results of a comparative, open-label, randomized phase III 

study of docetaxel and paclitaxel assigned randomly to 449 patients with advanced breast 

cancer. Docetaxel was administered as a one-hour infusion of 100 mg/m2 Taxotere® 

every three weeks and paclitaxel as a three-hour infusion of 175 mg/m2 paclitaxel every 

three weeks.

Clinical studies have taken place for the treatment of non-small cell lung cancer and 

prostate cancer. Patients treated for non-small cell lung cancer in phase II studies with 

100 mg/m2 docetaxel showed an overall response rate of 26.9% for previously untreated 

patients (n=160) and 17% for previously treated patients (n=88). Median survival time for
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previously untreated patients was nine months and for previously treated patients, eight 

months.

The TAX 327 trial was a phase III study that showed significant survival benefit from 

docetaxel in androgen-independent metastatic prostate cancer. Compared with 

mitoxantrone treatment, docetaxel treated patients showed a 12% overall response rate 

and mitoxantrone showed a 7% overall response rate. Another large advantage of 

docetaxel was increased quality of life. Docetaxel showed a 22% response and 

mitoxantrone had a 13% response. Used in conjunction with prednisone for pain 

management, docetaxel had a 35% response and Mitoxantrone had a 22% response. This 

trial leads docetaxel to be a preferred method of treatment to Mitoxantrone where 

possible.

Specific outcomes and benefits of treatment

Treatment with docetaxel has the specific outcome of increasing survival time in patients 

with certain types of cancer. While some clinical trials show median survival times to be 

increased by approximately only three months, the range of survival time is large. Many 

patients survive beyond five years with treatment from docetaxel, however it is difficult 

to attribute these findings directly to treatment with docetaxel. Improved median survival 

time and response indicates that docetaxel slows metastatic cancer progression and can 

lead to disease-free survival. Conjunctive treatment of prednisone with docetaxel has 

been shown to lead to improved survival rate as well as improved quality of life and 

reduction of pain compared with treatments with mitoxantrone. Docetaxel has been 

shown to improve -survival as an adjuvant therapy with doxorubicin and 

cyclophosphamide -for the treatment of node-positive breast cancer and so docetaxel has 

the benefit of aiding other treatments.

Monitoring and combination of with other drugs

Docetaxel is administered via a one-hour infusion every three weeks over ten or more 

cycles. Treatment is given under supervision from an oncologist and takes place in a 

hospital, where vital signs are monitored during infusion. Strict monitoring of blood cell 

counts, liver function, serum electrolytes, serum creatinine, heart function and fluid
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retention is required to track the progression of tumor cells, response, adverse reactions 

and toxicity so that treatment can be modified or terminated if necessary.

Premedication with corticosteroids is recommended before each administration of 

docetaxel to reduce fluid retention and hypersensitive reactions. Oral dexamethasone is 

given before docetaxel treatment for prostate cancer. Docetaxel is typically used for the 

treatment of carcinoma on its own. Other medications will often be given to aid pain 

management and other symptoms. The treatment of breast cancer with doxorubicin and 

cyclophosphamide is enhanced by adjuvant treatment with docetaxel. Docetaxel is also 

used in combination with capecitabine, a DNA synthesis inhibitor.

Side-effects/contraindications/drug interactions 

Positive side-effects

As well as inhibiting mitosis, docetaxel has been found to phosphorylate the oncoprotein 

bcl-2, which leads to apoptosis of cancer cells that had previously blocked the apoptotic 

inducing mechanism, leading to tumor regression. Enhanced effects of radiation therapy 

when combined with docetaxel have been observed in mice. Docetaxel has also been 

found to have greater cellular uptake and is retained longer intracellularly than paclitaxel 

allowing docetaxel treatment to be effective with a smaller dose, leading to fewer and less 

severe adverse effects.

Adverse effects

Docetaxel is a chemotherapeutic agent and is a cytotoxic compound and so is effectively 

a biologically damaging drug. As with all chemotherapy, adverse.effects are common and 

many varying side-effects have been documented. Because docetaxel is a cell cycle 

specific agent, it is cytotoxic to all dividing cells in the body. This includes tumor cells as 

well as hair follicles, bone marrow and other germ cells. For this reason, common 

chemotherapy side effects such as alopecia occur. Incidence of commonly experienced 

non-haematological adverse effects reported for treatment with docetaxel. Data from 40 

phase II and phase III studies (n=2045) with patients undergoing a one-hour infusion of 

100 mg/m2 docetaxel once every three weeks.
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Enlarge

Incidence of commonly experienced non-haematological adverse effects reported for 

treatment with docetaxel. Data from 40 phase II and phase III studies (n=2045) with 

patients undergoing a one-hour infusion of 100 mg/m2 docetaxel once every three weeks. 

Haematologieal adverse effects include Neutropaenia (95.5%), Anaemia (90.4%), Febrile 

neutropaenia (11.0%) and Thrombocytopaenia (8.0%). Deaths due to toxicity accounted 

for 1.7% of the 2045 patients and incidence was increased (9.8%) in patients with 

elevated baseline liver function tests (liver dysfunction). Observations of severe side 

effects in the above 40 phase II and phase III studies were also recorded. Incidence of 

severe adverse effects reported in patients treated with docetaxel. Data from 40 phase II 

and phase III studies with patients undergoing a one-hour infusion of 100 mg/m2 

docetaxel once every three weeks.

Enlarge

Incidence of severe adverse effects reported in patients treated with docetaxel. Data from 

40 phase II and phase III studies with patients undergoing a one-hour infusion of 100 

mg/m2 docetaxel once every three weeks. Many more side effects have been reported for 

conjunctive and adjuvant treatment with docetaxel as well as rare post-marketing events.

Dosage

Adults: I.V. infusion: Refer to individual protocols:

Note: Premedicate..with corticosteroids, beginning the -day before docetaxel

administration, (administer for 1-5 days) to reduce the severity of hypersensitivity 

reactions and pulmonary/peripheral edema, _
Breast cancer: Locally-advanced or metastatic: 60-100 mg/m2 every 3 weeks; patients 

initially started at 60 mg/m2 who do not develop toxicity may tolerate higher doses. 

Operable, node-positive (adjuvant treatment): 75 mg/m2 every 3 weeks for 6 courses (in 

combination with doxorubicin and cyclophosphamide)
Nonsmall cell lung cancer: 75 mg/m2 every 3 weeks (as monotherapy or in combination 

with eisplatin).
Prostate cancer: 75 mg/m2 every 3 weeks (in combination with prednisone)
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Gastric adenocarcinoma: 75 mg/m2 every 3 weeks (in combination with cisplatin and 

fluorouracil)
Head and neck cancer: 75 mg/m2 every 3 weeks (in combination with cisplatin and 

fluorouracil) for 3 or 4 cycles, followed by radiation therapy

Dosing adjustment for toxicity:
Note: Toxicity includes febrile neutropenia, neutrophils? 500/mm3 for >1 week, severe or 

cumulative cutaneous reactions; in nonsmall cell lung cancer, this may also include 
platelets <25,000/mm3 and other grade 3/4 nonhematologic toxicities.

Breast cancer: Patients dosed initially at 100 mg/m2; reduce dose to 75 mg/m2; Note: If 

the patient continues to experience these adverse reactions, the dosage should be reduced 
to 55 mg/m2 or therapy should be discontinued; discontinue for peripheral neuropathy ? 

Grade 3.

Breast cancer, adjuvant treatment: TAC regimen should be administered when 
neutrophils are? 1500 cells/mm3. Patients experiencing febrile neutropenia should receive 

G-CSF in all subsequent cycles. Patients with persistent febrile neutropenia (while on G- 

CSF) or patients experiencing severe/cumulative cutaneous reactions or moderate 
neurosensory effects (signs/symptoms) should receive a reduced dose (60 mg/m2) of 

docetaxel. Patients who experience grade 3 or 4 stomatitis should also receive a reduced 
dose (60 mg/m2) of docetaxel. Discontinue therapy with persistent toxicities after dosage 

reduction.
Nonsmall cell lung cancer: Monotherapy: Patients dosed initially at 75 mg/m2 should 

have dose held until toxicity is resolved, then resume at 55 mg/m2; discontinue for 

peripheral neuropathy ? grade 3.
Combination therapy (with cisplatin): Patients dosed initially at 75 mg/m2 should have the 

docetaxel dosage reduced to 65 mg/m2 in subsequent eycles; if further adjustment is 

required, dosage may be reduced to 50 mg/m2

Prostate cancer: Reduce dose to 60 mg/m2; discontinue therapy if toxicities persist at 

lower dose.

Gastric cancer, head and neck cancer: Note: Cisplatin may require dose

reductions/therapy delays for peripheral neuropathy, ototoxicity, and/or nephrotoxicity. 

Patients experiencing febrile neutropenia, documented infection with neutropenia or 

neutropenia >7 days should receive G-CSF in all subsequent cycles. For neutropenic 
complications despite G-CSF use, further reduce dose to 60 mg/m2. Neutropenic 

complications in subsequent cycles should be further dose reduced to 45 mg/m2. Patients
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who experience grade 4 thrombocytopenia should receive a dose reduction from 75 
mg/m2 to 60 mg/m2. Discontinue therapy for persistent toxicities.

Gastrointestinal toxicity for docetaxel in combination with cisplatin and fluorouracil for 

treatment of gastric cancer or head and neck cancer:

Drug interaction

Drug interactions may be the result of altered pharmacokinetics or pharmacodynamics 

due to one of the drugs involved. Cisplatin, dexamethasone, doxorubicin, etoposide and 

vinblastine are all potentially co-administered with docetaxel and did not modify 

docetaxel plasma binding in phase II studies Cisplatin is known to have a complex 

interaction with some CYPs and has in some events been shown to reduce docetaxel 

clearance by up to 25%. Anticonvulsants induce some metabolic pathways relevant to 

docetaxel. CYP450 and CYP3A show increased expression in response to the use of 

anticonvulsants and the metabolism of docetaxel metabolite M4 is processed by these 

CYPs. A corresponding increase in clearance of M4 by 25% is observed in patients taking 

phenytoin and phenobarbital, common anticonvulsants.

Common and/or likely drug-drug combinations and known side effects from drug
interactions

Drug Interacting with Docetaxel Adverse Effects from Interaction

Cisplatin Increased risk of delayed neuropathy

Cyclosporine, Dalfopristin, Erythromycin, 
Itraconazole, Ketoconazole, Quinupristin,

Increased risk of docetaxel toxicity 
including some or all of; anaemia, 
leucopoenia, thrombocytopenia, fever,

i ciiciiauiiiv, iruitdiiuomyiin diarrhoea

Cholestatic jaundice and
pseudomembranous colitis

Doxorubicin Hydrochloride Liposome Increased doxorubicin exposure
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Vaccinations for; Bacillus of Calmette and 
Guerin, Measles, Mumps, Poliovirus, 
Rotavirus, Rubella, Smallpox, Typhoid, 
Varicella, Yellow Fever

Increased risk of infection by live vaccine

Thalidomide Increased risk of venous 
thromboembolism

Erythromycin, ketoconazole and cyclosporine are CYP3A4 inhibitors and therefore 

inhibit the metabolic pathway of docetaxel. When used with anticonvulsants, which 

induce CYP3A4, an increased dose of docetaxel may be required. Pre-treatment with 

corticosteroids has been used to decrease hypersensitivity reactions and oedema in 

response to docetaxel and has shown no effect on the pharmacokinetics of docetaxel. The 

efficacy of docetaxel was improved by treatment with oral capecitabine and after more 

than 27 months follow-up, the survival benefit has been confirmed. Doxorubicin was 

combined with docetaxel in one study of 24 patients and resulted in an increased AUC of 

docetaxel by 50 to 70%, indicating doxorubicin may affect the disposition of docetaxel. 

Etoposide has also been shown to decrease docetaxel clearance; thought patient numbers 

for this observation have been low.

Prednisone given with docetaxel led to improved survival, quality of life and pain 

management in patients with hormone-refractory prostate cancer.
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