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Abstract

In the present work there were eight major objectives: (i) to study the kinetics
of making poly(sodium 4-styrenesulphonate-co-2-vinylnaphthalene) (PSSS-VN), (ii)
to characterize any amphiphilic polymers prepared, (iii) to introduce easily detectable
probes into PSSS-VN polymer, (iv) to develop water-soluble polymer/drug
formulations, (v) to prepare polymers having drugs covalently attached, (vii) to
produce new PSSS-VN type formulations, (vi) to develop a synthetical procedure for
the synthesis of PSSS-VN oligomers having known composition and sequence, (viii)
to carry out in vitro studies into the effects of PSSS-VN polymers in defined cancer
cell-lines.

Poly(sodium 4-styrenesulphonate-co-2-vinylnaphthalene) (PSSS-VN), is an
amphiphilic co-polymer which is able to dissolve hydrophobic substances
(particularly anti-cancer drugs) in aqueous media and to deliver them effectively to
cancer cells. Earlier reports on the synthesis of PSSS-VN polymers used 10 mmol of
each monomer and 20 mmol% of an initiator of the radical polymerization. In the
present work some kinetics studies of the polymerization process were carried out.
Various polymers were prepared using different initial concentrations of monomers
and initiator, as well as different reaction times. Yields of the water-soluble fraction
of the polymer are compared. Alteration of the initial amount of initiator did not
change the yield of water-soluble polymer obtained in a simple way. Nevertheless, an
amount of initiator less than 20 mmol% tended to give poorer yields of water-soluble
polymer, while a larger amount only gave the same quantity (or slightly more) of the

water-soluble fraction.



Simple 'H-NMR experiments revealed the grater reactivity of the hydrophobic
monomer (2-vinylnaphthalene; VN) relative to that of the hydrophilic monomer
(sodium 4-styrenesulphonate; SSS). The hydrophobic monomer (VN) is incorporated
into growing polymer chains some 1.4 times faster than is the hydrophilic monomer
(SSS). Thus, if the initial monomer concentrations were changed and more VN was
added, the amount of water-soluble polymer obtained decreased but, when more SSS
was added, the amount of water-soluble was still almost the same as when equal
amounts of monomers were used. In all cases, the water-soluble polymer had a higher
content of SSS. In radical polymerization, high molecular weight polymers are
produced at the beginning of the polymerization process. In the present work, PSSS-
VN co-polymerization reactions were normally left for 21 hours before precipitation
in n-butanol. The use of shorter reaction times (2.5 and 10 hours) led to low yields of
water-soluble polymers, having higher molecular weights (Mw 10° Da) than when the
reaction were left for 21 hours (Mw 2 x 10° Da).

Characterization of PSSS-VN polymers was done using elemental analysis,
UV/visible and infrared spectroscopy. Also attempted was the use of aqueous Gel
Permeation Chromatography (GPC) using polystyrenesulphonate standards to
determine the “average molecular weight” (Mw), the “number average molecular
weight” (Mn) and the ratio Mw/Mn which gives the polydispersity of the polymer.
The use of an aqueous mobile phase containing a percentage of methanol, which was
required for the good separation of the polystyrene sulphonate standards, indicated
that the synthetic PSSS-VN polymers had a very low molecular weight (6.5 x 10° Da)
or it failed to give any result at all. The use of water alone as the mobile phase

produced very broad chromatograms with only small separations between the
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standards. Finally, use of a light-scattering detector showed that the Mw for water-
soluble PSSS-VN polymers ranged from 10° to 10° Da.

Introduction of a third monomer into the co-polymerization reaction of SSS
and VN interfered with the polymerization reaction kinetics even though they were
present in low concentrations. The yields and compositions of water-soluble polymer
changed on such additions of third monomers. The change in the yield of water-
soluble polymer could be predicted approximately by using molecular orbital methods
to calculate heats of formation (MOPAC software was used for these calculations).
Some of the third monomers selected for addition to the co-polymerization reaction
were easily detectable by various spectroscopic methods and this allowed easily-
detectable polymers to be used for in vitro studies. PSSS-VN type polymers
containing monomers such as 9-vinylanthrancene, 5-mono-(4-vinylphenyl)-
10, 15, 20-trisphenylporphyrin, N-fluoresceinyl-N -styrylthiourea, 3-nitrostyrene,
3-fluorostyrene and 2, 3, 4, 5, 6-pentafluorostyrene were prepared.

Formulation for a preparation of aqueous solutions of 5, 10, 15, 20-
tetrakisphenylporphyrin (TPP) using PSSS-VN to physically dissolve the porphyrin
had already been described. In the present work, new formulations were established
for the preparation of drugs solutions using PSSS-VN. Aqueous solutions of the
water-insoluble anti-cancer drugs Paclitaxel and Busulfan were prepared using a
PSSS-VN solution (polymer 1mg/mL; Paclitaxel 0.33 mg/mL; Busulfan 5 mg/mL).

The preparation of PSSS-VN type polymer containing a drug covalently
linked to the polymer backbone was attempted, using a peptide linker. Although
work no polymer containing covalently attached drug was achieved in this way, some
steps were carried out towards that objective. To allow the co-polymerization of a

dipeptide unit (GlyGly) with monomers VN and SSS, a styryl unit was attached to the
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carboxylic end of GlyGly and the amino end was protected as carbamate with di-fert-
butyldicarbonate (BOC). In this way, a PSSS-VN co-polymer was prepared, which
incorporated a number of GlyGly linkage units. There was insufficient time to
complete the last steps of deprotection of the dipeptide and linking of a porphyrin.

PSSS-VN is an anionic amphiphilic polymer, but other water-soluble
amphiphilic polymers which were either cationic or neutral were prepared. A cationic
amphiphilic polymer was prepared by co-polymerization of VN with N-methyl-4-
vinylpyridinium iodide. This cationic amphiphilic polymer showed a similar capacity
to dissolve TPP (1.7 mg/mL TPP in a 1 mg/mL polymer solution) as did PSSS-VN (2
mg/mL TPP in a 1 mg/mL polymer solution). Alternatively, a polymer was prepared
by co-polymerization of 4-vinylpyridine with VN and this produced a water-insoluble
polymer. As expected, treatment of this polymer with methyl iodide produced a
cationic water-soluble polymer. The yield of this second cationic polymer was lower
than the one prepared by direct co-polymerization of N-methyl-4-vinylpyridinium
iodide with VN. A neutral amphiphilic polymer was prepared by co-polymerization
of 3-[2-(2-ethoxy-ethoxy)ethoxy]propene with VN. Only a very low yield of water-
soluble polymer was obtained but this also showed a capacity to dissolve TPP (0.19
mg/mL of TPP in a Img/mL polymer solution).

A new method for the preparation of PSSS-VN is described in this thesis. Co-
polymerization of VN with n-butyl-vinylbenzene-sulphonate produces a water-
insoluble polymer which becomes water-soluble after being refluxed in pyridine. In
an aqueous solution of this polymer (I mg/mL) it was possible to dissolve TPP
(2 mg/mL) just as occurs with PSSS-VN itself.

PSSS-VN is prepared by a random co-polymerization process. Therefore the

sequences of monomer units are varied and unknown. An aim of this project was to
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develop synthetic procedures for preparation of PSSS-VN oligomers having known
sequences and composition.  Preparation of VN dimers by alkylation of
2-ethynylnaphthalene with 2-bromoethylnaphthalene under alkaline conditions
produced a VN dimer but in very low yield. Dimers, trimers, tetramers and other
short chains of VN were formed under Friedel-Crafts alkylation conditions on
alkylation of 2-vinylnaphthalene with 1-bromoethylnaphthalene. Under the same
conditions, it was not possible to alkylate n-hutyl-vinylbenzene-sulphonate with 1-
bromoethylnaphthalene.

In vitro tests of the action of PSSS-VN against cancer cell lines were carried
out and results are presented in this thesis. PSSS-VN was tested using clonogenic
assays of cancer cells and it was found to have different toxicity levels for different
cell lines (ICso 363 pg/mL for 1-407 and ICsy 5 pg/mL for HT-29). PSSS-VN
polymers containing a third monomer showed the same toxicity differentiation
between the two cell lines HT-29 and 1-407. Polymers containing the monomers 3-
nitrostyrene (ICso 369 pg/mL) and N-fluoresceinyl-N'-styryl thiourea (ICso 353
ug/mL) had a similar toxicity for 1-407 cells as PSSS-VN (ICsy 363 pg/mL).
Polymers containing the monomers S-mono-(4-vinylphenyl)-10, 15, 20-
trisphenylporphyrin (ICsy 246 pg/mL), 9-vinylanthrancene (ICsp 297 pg/mL) and 3-
fluorostyrene (ICsy 284 pg/mL) were more toxic for [-407 cells than was PSSS-VN
(ICsp 369 ng/mL). For HT-29 slightly different results were obtained. The polymer
containing 5-mono(4-vinylphenyl)-10, 15, 20- trisphenylporphyrin (ICsp 16.33
ug/mL) was less toxic than PSSS-VN (ICsp 5.00 pg/mL) while the polymers
containing the monomers 9-vinylanthrancene (ICsy 4.73 ng/mL) and 3-fluorostyrene
(ICsp 2.29 pg/mL) were more toxic. PSSS-VN formulations with anti-cancer drugs

such as Busulfan (ICsy 30 pg/mL; Busulfan/PSSS-VN ICsy 3.97 pg/mL) and Taxol
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(ICs0 8.97 x 10 pg/mL; Paclitaxel/PSSS-VN ICs; 2.56 x 10°"° pg/mL) were found to
be more toxic than the drugs on their own.

In spite of their relatively large molecular weights, PSSS-VN polymers were
shown to have only a small radius of gyration, which allows their uptake by cells.
This uptake was monitored by flow cytometry using a polymer containing the
covalently-bound fluorescent probe, N-fluoresceinyl-N -styryl thiourea.

In vitro studies also showed the capacity of PSSS-VN polymers to act as
antiangiogenic materials in preventing development of new blood vessels

(angiogenesis).
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Abbreviations

In this section are presented some of the abbreviations used through out this

thesis.

AIBN
'BCF
DMEM
DMSO
EDTA
FCS
GPC
MTS

MTT
MVP
Mn
Mw
NMM
PBS
PDT
PI

PNA

PS
PSSS-VN
Rg
RPMI-1640
SSS

TFA

TPP

uv

VN

Azobisisobutyronitrile

isobutylchloroformate

Dubelcco’s Modified Eagle’s Medium
Dimethylsulphoxide

Ethylenediaminetetraacetic acid

Foetal Calf Serum

Gel Permeation Chromatography
3-(4,5-dimethyl(thiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulphophenyl)-2H-tetrazolium inner salt
344,5-dimethylthiazol-2-y1)-2,5-diphenyl) tetrazolium bromide
N-methyl-4-vinylpyridinium iodide

Number-average molar mass

Weight-average molar mass

N-methylmorpholine

Phosphate buffered solution

Photodynamic Therapy
(3.8-diamino-5-[3-(diethylmethylammonio )propyl]-6-
phenylphenanthridium diiodide) (Propidium lodide)
Polynuclear aromatic

Penicillin/Streptomycin

Poly(sodium 4-styrenesulphonate-co-2-vinylnaphthalene)
Radius of gyration

Roswell Park Memorial Institute, number 1640

Sodium 4-styrenesulphonate

Trifluoroacetic acid

5, 10, 15, 20 —tetrakis-phenylporphyrin

Ultraviolet

2-Vinylnaphthalene
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Introduction

1. Introduction

Life on earth started several hundred million years ago and chemistry was
there at the very beginning when the first chemical reactions produced the first
molecules of life, the amino acids." These amino acids developed to form complex
polymeric structures, proteins. After this the proteins and other polymers developed
into a simple unicellular organism.” Evolution of life has been a very slow process
that has involved numerous transformations so as to adapt to the harsh conditions of
life on earth. Probably mutations have occurred right from the beginning, not all
were beneficial and mostly those that brought an advantage to the species were
passed to the next generation. This process of “Natural Selection” is slow but Nature
has time to evolve slowly.’

After a few millions of years of evolution the Human race is probably one of
the most complex organism that lives on earth. Nevertheless, humans are still not a
finished product and still suffer adverse mutations that affect each individual’s short
period of life. At the present level of evolution, humans are capable of correcting
some of the adverse mutations that affect us but those that cannot be controlled may
lead to illness and even early death.

It is interesting that the activities of humans in healthcare off-sets the
“Natural Selection” process that would normally truncate further development of
adverse mutations. In the short term, this is beneficial to the individual but, in the
long term, it is not certain that it will benefit the human species as such. Cancer is
one such illness provoked by several mutations that occur at the cellular level. These
mutations can be related to previous generations, but some are the result of the kind

of life which is lived today. The fight against cancer has been continuing for more

References for this chapter appear on page 51 1
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than a century but, contrary to other diseases for which a treatment has been found,
there is still not a “magic bullet” that will stop cancer without killing the patient.

One of the objectives of this present work is to develop a new chemical
weapon to join the arsenal of other weapons already available in the war against
cancer. During the last century of investigation, several different treatments have
been found for cancer such as surgery, radiotherapy, chemotherapy, antisense
therapy, and photodynamic therapy (PDT) but none of these alone can cure all
cancers or can be certain of curing any one cancer and they are frequently used in
combination.

A large number of chemotherapeutic agents have shown anti-cancer activity
when tested in vitro. Nevertheless, such chemotherapeutic agents face some
problems when tested in vivo because of their lack of target specificity, attacking
both normal and cancer cells. Very often, good anti-cancer drugs lack sufficient
water solubility for use in treatment, in which an aqueous environment is universal in
mammalians. All results obtained until now in fighting cancer and probably for the
future were well defined on the statement, “soon we will be able to predict an
individual’s life-time chances of getting a tumour on the basis of his genetic profile,
and we will be able to systematically dissect a tumour to determine which genes are
mutated. We will nevertheless be forced to tell patients that although we have a set
of wonderful molecular agents, we cannot deliver them to target cells in solid
tumours in effective quantities”." A major objective in the present research was to
develop a drug carrier that would allow the transport of water-insoluble anti-cancer
drugs in aqueous environments and, at the same time, to deliver them only to cancer

cells.

References for this chapter appear on page 51 2
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1.1 A brief history of cancer.

Cancer is a disease of which everyone knows, through having a family
member or a neighbour or a friend who has been attacked by this disease.” Cancer
has not always received as much publicity as it has today and history teaches us that,
until the end of the nineteenth century, very few people recognised it as such.
Actually, it frequently went undiagnosed. Those known to be suffering from it, tried
to hide it from everyone, afraid of rejection by society at large. All of this was due to
lack of knowledge about the disease.

Cancer generally results from several mutations at the cellular level either
naturally or induced artificially. Mutations have occurred since the beginning of
human evolution and it is likely that many people have died from this disease leaving
behind no record. Another problem has been that, due to lack of suitable knowledge,
cancer was often unsuccessfully mistreated as an infection.” Nevertheless, despite
current widely-held impressions, cancer is not a disease of the twentieth century.
The first written report of this disease date from early Egyptian times (1500 BC to
3000 BC) and written on papyri, which describe cases of breast tumours.”

The ancient Greeks were the next civilization to leave records of the
existence of cancer. To them is attributed the fact that they were the first to
recognize it as a distinct disease. Hippocrates (460-370 BC) described cancers of the
breast, nasopharynx, stomach, skin, cervix and rectum. Hippocrates named the
disease as karkinoma, which in Greek means crab and was subsequently translated
into Latin as cancer.* 7 The connotation of “crab” was due to his observations on
tissues in breast cancer, in which there were long “lumps” from which veins
stretched, resembling the appendages of a crab. Hippocrates was also the first to

describe the cause of cancer as an excess of the “black bile” but it was Galen (AD

References for this chapter appear on page 51 3



Introduction

129-¢a.200-210) who elaborated this view, one that was accepted until the end of the
seventeenth century.s

The first modern scientists known to dispute the accepted ideas of Galen
about an excess of bile being the cause of cancer, were Paracelsus and Jean Baptista
Vann Helmont but they only went so far as writing that the cause of cancer was not
black bile but various corrosive acids and ferments.*

Systematic research into causes of cancer only really began at the beginning
of the nineteenth century. In the 1830s, Johannes Miiller introduced the use of a
microscope into cancer investigations and Schwannian introduced the cell theory.”
With these tools, a proper study of cancer could start because it is a process that
starts at the cellular level. Scientists could now study causes of cancer and, at the

same time, try to find a suitable treatment.

1.2 Cancer treatment history.

One of the biggest problems in treating cancer was and still is today its
detection at an early stage of development. Tumours are normally detected when
they have grown large enough so that a lump is noticed when touched or when it
provokes some discomfort. The use of surgery for removal of tumours, might seem
the first option for treatment and indeed in the case of non-cancerous tumours, it is a
successful technique. Nevertheless, the results of surgical removal of cancer alone
normally do not yield a definite cure.

Egyptians, Greeks and most physicians until the nineteenth century selected
surgery as their first method for treating cancer, as this is the most obvious treatment.
They faced several problems, of which the first was lack of appropriate surgical

techniques. The ones in use provoked patient death or for those who survived, left

References for this chapter appear on page 51 4
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terrible scars that became an extra burden. Although there was lack of knowledge of
how to carry out successful surgery, those operations that took place were useful for
surface tumours such as those of the breast and lips but they failed to treat tumours
that were deeper. Surgical techniques have been developed substantially in the past
hundred years and today surgery is a very useful weapon used in combination with
chemotherapy so as to achieve successful results. Despite all the problems presented
by surgery, this was the only treatment available until the nineteenth century.

The survival rates of patients treated by surgery were always very low.®
Hope of improving these depressing statistics was raised at the end of the nineteenth
century with the discovery of X-rays as a new form of therapy. This treatment,
known has radiotherapy, is based on the use of X-radiation to induce death of cancer
cells. Its use provided a new treatment that did not leave behind the usual horrible
scars left by surgery. Nevertheless, it too shared some of the problems of surgery. It
was very good for cancers at the surface, but due to lack of flesh penetration by X-
rays, it failed in the treatment of deeper cancers. This last drawback was soon
overcome with the development of new and more powerful X-ray machines that
produced more energetic radiation, which could penetrate deeper. Nevertheless,
despite the problems, at the end of the nineteenth century this new treatment was
indicating a hope in the twentieth century that X-rays could be a definite treatment.
Furthermore, it was shown that rapidly proliferating cells were the most sensitive to
X-rays thereby giving an explanation for the action of X-rays against cancer cells
specifically. Soon after the use of X-rays became common, new concerns arose and,
one well-known case is recorded, where one of the assistants to Thomas Edison

developed cancer after working with X-rays.’

References for this chapter appear on page 51 3
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The next step in radiotherapy came in the 1920s and 1930s with the
development of machinery that produced beams of radium that could be used like
X-rays to produce similar effects without having such strong side effects. Although
radiotherapy produced some results it could not and it still cannot produce a total
cure but is today a very useful adjunct therapy used in cancer treatment.

The new leap forward in cancer treatment took place in the 1940s and 1950s
with the introduction of suitable drugs for chemotherapy. The first drug studied as a

% 10 was actually a product of research in the Second World

cytotoxin (mustard gas)
War. Soon after, a series of other chemicals was tested and showed so many
promising results that the pharmaceutical companies began producing and testing
more and more chemicals. By 1970, some 400,000 drugs had been tested. This
intense search for a good chemotherapeutic agent has been going on since then but it
has not yet turned up the “wonder” drug that alone can stop cancer. Nevertheless,
existing and future anti-cancer chemical drugs will be used in combination with other
therapies (surgery, X-rays, etc) in cancer treatment. The major problems that
chemotherapy still needs to overcome is lack of specificity and often some severe
side-effects such as vomiting, loss of hair, fatigue, depression, and even more cancer
itself. The existing drugs and the ones that may be produced in future will also need
to be delivered in controlled doses, by the use of improved drug delivery systems that
are now being developed.

In the 1970s and 1980s, hopes were raised again with new results from
biotechnology and immunotherapy. Interferon, a small protein discovered in the
1950s,° showed some anti-cancer activity but, because unwanted side effects and
principally due to difficulties in the production of enough in good quality, it could

not be fully tested. The development of new recombinant DNA techniques allowed
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the production of this protein on a bigger scale with better quality and at a lower cost
and this advance allowed renewed interest in its use. Due to different reactions to
this drug by different patients it cannot always be used. However, today it is one of
the drugs produced through biotechnology that can be used to treat cancer.

In the 1980s and 1990s another new therapy was the target of intense
research. It had been known since the beginning of the twentieth century that it was
possible to photochemically sensitise cells so as to induce their death.' This sort of
treatment is known as Photodynamic Therapy (PDT) and it can be used against
cancer and other skin complaints if three components are combined; a sensitizer,
light and oxygen. The sensitizers can be retained for a longer period in cancer as
against normal cells, so that when light is shone on them and oxygen is present, the
chemically active singlet oxygen is formed. Singlet oxygen attacks cell components
and leads to disintegration of the cell by apoptosis.

The first known sensitizers at the beginning of last century were eosin (1) or
acridine orange (2) but, because of their toxicity they could not be used in PDT. It

was necessary to wait until the 1970s and 1980s for new sensitizers to be produced
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and shown to be useful in PDT. The sensitizers developed since then are normally

based on porphyrins (3), chlorins (4), phthalocyanines (5) and porphycenes (6) to
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which different substituent have been attached so as to improve their water solubility,
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As with earlier treatments, it was hoped that PDT would be the “magic

retention and recognition by the cells.'> 3

(3] . ﬂ.

bullet” if some problems could be overcome. One problem is that normal cells also
take up these sensitizers and, if light is shown on these cells, some mutations may be
induced. This leads to death of normal cells and possibly to some of them becoming
themselves carcinogenic. One other problem is the lack of penetration of flesh by
light, which is a necessity if PDT is to be useful in treating deeper cancers than those
at the skin surface. Advances in the field of optical fibres have allowed the transport
of light deeper into tissues and permits clinical use of PDT." The last problem, and
perhaps the most difficult to overcome, is the fact that sensitizers normally used are
almost insoluble in water (blood plasma).'” This problem has been addressed in

several different ways, such as by the introduction of hydrophilic groups. One other
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approach that will be further discussed in Chapter 2 involves the use of amphiphilic
polymers as carriers for the sensitizers.

At the end of the 1970s, with further knowledge about the biology of cell
regulation, yet another possible new treatment for several diseases that kill thousands
of people every year was thought to soon become a reality. This is known as
antisense therapy, which aims to stop the production of proteins that are essential for
the growth of viruses, bacteria and cancer cells. Deoxyribonucleic acid (DNA) is
transcribed by enzymes to give messenger ribonucleic acid (mRNA), which is then

translated by ribosomes into proteins (Scheme 1-1). Antisense drugs are small

mRNA

Proteins

DNA

o

~ ¥

Transcription Translation
— Antisense
Drug

(Oligonucleotide)

Scheme 1-1

chains of nucleotides, which are complementary to mRNA and can bind to it forming

a double strand like DNA. The binding of the antisense oligonucleotide to the
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mRNA stops ribosomes from translating its message and therefore the proteins which
would normally be produced, are no longer formed. Once these oligonucleotides can
be selectively developed it is thought that this therapy will bring a method for
specifically targeting mRNA in cancer cells. Despite all the hope that antisense will
have in the treatment of diseases, until now, just one antisense drug is in use
(“Fomivirsen™)."”"7  This last is used against cytomegalovirus-induced retinitis in
patients with AIDS. It is thought that, as more becomes known about the Human
Genome and how it is expressed, more antisense drugs will become available.
However, before they do, some other problems must be overcome. One of these is
that antisense drugs have to overcome their inmate lack of stability when they are
free in the blood stream since, as free oligonucleotides, some natural enzymes can
cleave them. One way of overcoming this problem is to use macromolecules that
shield them from the enzymes and release them into specific cells. In this way, some
of the side-effects that these drugs present can also stopped. Different approaches
are being examined to carry these drugs in blood plasma and there is a big hope that
a useful cancer treatment will be found using this methodology.

Once tumours start to grow they must develop a network of blood vessels that
allow them to have access to the nutrients they require to survive."™ !’ The process
of developing blood vessels is known as angiogenesis and it only occurs in humans
when they are growing or if they are recovering from an injury or if a tumour is
developing. This makes angiogenesis a very good target for cancer treatment. If
angiogenesis can be stopped, the cancer cells die by starvation. Angiogenesis in
tumours has been studied since the 1970s'™ ' but it was only in the 1990s that it was

accepted by all the scientific community. This slow acceptance is one of the main
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reasons why there are only a few drugs available in the market. This therapy is
discussed further in Chapter 4.

Although a “magic bullet” for cancer treatment has not yet been found, some
promising treatments have been developed in the past century and some new ones
will be developed in the future. All the developed treatments of the past century
have allowed an inversion in the statistics on the survival rates of patients suffering
from cancer. It is to be hoped that, in the near future, those rates could become

100%.

2. Anti-cancer drugs and drug carriers.

Chemotherapy really started about fifty years ago and since then a large
number of chemotherapeutic agents has been developed. As before, Man has looked
to nature for inspiration and help in the development of new drugs. The use of
“natural” treatments was well known and used in the past but now Nature was used
in a different way: compounds were extracted from different living organisms
(animals and plants) and then tested for their biological activity. Those that showed
potential activity against a disease were synthesised in laboratories in bigger
quantities and in good quality. Once accepted for clinical use, they become “drugs”.

20, 21

One very good example of this is Paclitaxel (Taxol™; 7), one of the most active
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anti-cancer drugs available and in use worldwide, which was extracted from the yew
tree. Today, this drug can be partially prepared in the ]atboralory.22

Although a series of new compounds have been isolated from different forms
of life and show some potential activity against various particular diseases, not all of
them get to be used in clinical treatment because they have to follow a series of very
expensive steps before they can be approved. This principle is illustrated in Scheme
1-2, where it can be seen that there are multiple steps needed between discovery of a
potential anti-cancer drug in nature and its eventual clinical use.

Nature has been an inexhaustible font of new ideas and it seems to surprise
Man every day. One member of Nature that has been study very deeply is Man
himself, and today we are finding new ideas for new treatments by having a greater
knowledge about our own biology. A good example of this is the use of
antimetabolites (see Table 1-1) and antisense drugs which are the result of further
knowledge in human biology.

After the first experience of mustard gas as an anti-cancer drug there was
renewed interest in finding a chemical agent that could cure cancer. As in the past,
investigators turned into Nature for help, searching for ideas. Nature is so vast that
still today new compounds can be found, which may be useful in treatment of
diseases.

When a chemical compound has been isolated from an organism, it is
normally in a very small amount and would not be enough to complete pre-clinical
trials. It is at this point that chemists also became very important because they may
be able to produce the drug in the laboratory in larger quantities. Additionally, once
biological activity has been discovered in a compound, the chemists can synthesise

analogues of the natural product and these sometimes prove to be more efficient than
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Search in Nature Research to discover new drugs
for new drugs by targeting certain cells (e.g.
antimetabolites, see Table 1-1)

Laboratory production of Research into the
possible candidate drugs discovery of drug carriers

!

Testing procedures in vitro to
indicate candidate drugs

!

Testing procedures in vivo using
animals to discover how drugs
work in their metabolic systems

|

Ensuring that any potential drug
can reach a tumour site by use of

drug carriers

!

| Clinical trials (phase I, 11, I1I) I
| Actual use in treatment I

Scheme 1-2
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the actual natural material. The search for new compounds with anti-cancer activity
started some fifty years ago and many drugs have been prepared and tested since

then. Next, some of the milestones in the history of anti-cancer drugs are discussed.

2.1 Some milestones in the search for anti-cancer drugs.

Cancer is a disease like no other. Usually, a disease refers to only one
condition of a patient but, cancer embraces a series of different conditions. Cancer is
a disease that results from a series of genetic alterations at the cellular level that can
be induced by several factors. The altered cells then progress to form a tumour that
invades surrounding tissues, sometimes provoking the death of the patient.
Alterations or mutations can happen in any part of the human body and mean that
people suffer from different types of cancer. The different types of drugs that are
used against cancer also reflect this diversity. In Table 1-1 are listed some of the
drugs in use today against cancer. The drugs have been classified according their
mode of action against cancer. Because different patients respond differently to the
same treatment it is necessary to have a range of drugs that will attack cancer in
different ways.

The first chemical drugs used against cancer were the alkylating agents.
These are compounds, which react in such a manner that an alkyl group or a
substituted alkyl group is transferred to and becomes covalently linked to a cellular
constituent. These drugs also establish cross-links in DNA, preventing the double
strand from dividing. The first alkylating drug was a product of the Second World
War, developed as a chemical weapon. The drug is sulphur mustard gas @) It

was directly injected into some tumours producing some beneficial results but the
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Table 1-1. List of some anti-cancer drugs in present clinical use'’

Mode of action Drugs
Antimetabolites®
Folate” Antagonists Methotrexate, Trimetrexate
Pyridine Antagonists Flourouracil, Fluorodeoxyuridine, CB3717, Azacytidine
Purine Antagonists Mercaptopurine, Thioguanine, Tiazofurin,
Chlorodeoxyadenoside
Sugar Modified Cytarabine, Fludarabine
Analogs
Ribonucleotide Hydroxyurea
Reductase
Inhibitors
Covalent DNA-Binding Drugs
Nitrogen Mustards Mechlorethamine, Chlorambucil, Melphalon, Cyclophos
phamide, lfosfamide
Aziridines Thiotepa, Altretamine, Mytomycin, Azirinomycin
Alkane Sulfonates Busulfan
Nitrosoureas Carmustine, Lumustine, Semustine, Streptozocinn
Platinum Compounds  Cisplatin, Carboplatin
Methylating Agents Dacarbazine, Procabazine

Non Covalent DNA-Bindings Drugs

Anthracyclines Daunorubicin, Doxorubicin, Idarubicin
Anthracenedione Mitoxantrone
Antibiotics Dactinomycin, Bleomycin, Plicamycin

Inhibitor of Chromatin® Functions

Topoisomerase Epipodophyllotoxins, Etoposide Teniposide, Amsacrine,
inhibitors Camptothecin

Microtubule inhibitors  Vinca alkaloids, Vinblastine, Vincristine, Vindesine, Taxol

Drugs Affecting Endrocrine Function

Glucocorticoids Prednisone, Prednisolone
Estrogens Diethylstilbestro, Ethinyl Estradiol
Antiestrogens Tamoxifen

Progestins Megestrol

Antiandrogens Cyproternone, acetate Flutamide
LHRH Agonists* Goserelin, Leuproline

Aromatase inhibitors ~ Aminoglutethimide
Adrenocortical Mitotane

SUPpressors

Inhibitors of Metastasis®

Inhibitors of Angiogenesis
Proteins Endostatin, Angiostatin

Note: a) compounds chemically similar to naturally occurring metabolites but differing enough so as to
interfere with the normal metabolic pathways in tumour growth. Such coumpounds are called,
“antagonists™;

b) a molecule that acts as a carrier of one carbon unit in intermediary metabolism;

¢) a stainable material of the interphase nucleus, consisting of nucleic acid and associate with
histone protein packed into nucleosomes;

d) compounds similar to luteinizing Hormone-realising hormone, a substance responsible by the
control of sex hormones in men and women;

) No anti-metastatic drug is yet available but an intense search is being carried out and there are
some in clinical trials which have not yet became available in the market place.
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