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1. INTRODUCTION

Today it is almost impossible for anyone to escape a personal experience with cancer for it
strikes in two out of every three families. It is a ravaging disease which consumes one’s
flesh and invades internal organs to produce death. Cancer is a group of disease characterized

by the disregulate proliferation of abnormal cells that invade and disrupt surrounding tissues.
Being a Major cause of deat

hiits social and economical impact is overwhelming (Chatterjee
et al., 2002).

Cancers, differ from normal tissues. They grow more-or-less autonomously, beyond host
ability to control them. They spread into and destroy surrounding tissues. They det
fragments of themselves, which travel throughout the host’s body,

lodge and begin new cancers. They derange the host’s metabolism
Finally, if

ach
and in new locations,

and cause “wasting™.
“untreated, they kill their host and when they do, die as well. No nor

mal tissue
exhibits such bizarre behaviour.

2. HISTORY

Cancer is by no means a new discasc.‘The people of Egypt and India, over foxl‘r thousand
years ago, were afflicted with the same malignant gx‘owtlls. /:\round 409 B.C., "H.lppocmte.s,
the father of Medicine”, called these rapidly growing swellings Karkmoma's. It is fron} t'hls
origin that the modern term Carcinoma, which refers to all cancers of the epithelial or living
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" » Emperor Marcus
tissue of the body, is derived. But is was Galen, personal PhYS“C“‘A” 10 ‘h“/ ‘lj'ilg(&):)“:lexwo
Aurelius, who coined the term cancer, which literally means “a %‘.ml) sover I oo Wl‘w
he observed that, *Just as a crab’s feet extend from every part of its l)}ul). o -“,!,1,:' z( (11
the veins later discovered (o be lymphatic vessels are distended and form a similar figure.

3 " . . nte e o are but modifies it
Paul of Aegina (A.D. 025-690) four centurices later repeats this comparison, but
by adding the following,

\‘}1

. N Ao V1 A'Y‘I= ")‘i‘«'ﬂ: H)'vlk
owever, some say that cancer is so called because it adheres with such ”‘f \4!1 | ) ‘
partatseizes that, like the crab, it cannot be separated from it without great di

In support of Paul’s view Haddow (1936) mentioned the application of the term “crab™ to
various grasping tools whose invention was prompted by the crab’s powerful chelac, bu’t also
recalled an intriguing alternative explanation, advanced by Louis Westenra Sambon, in th~c

¢ association between crabs and the tumour-like Succulinag carcini 'l"hls
asite in the Cypris stage attaches itself to the body of a young crab and, after shedding

. . o the hAact
“every part of its economy save a small bundle of all-important cells”, enters the host and
becomes the Sacculing interna, which

proceeds to absorb nourishment by means of branching
suckers extending like roots to every portion of the crustacean’s anatomy.
Echoes are still heard of the fantastic su
the sign of Zodiac, and cancer, the dis¢
that sign are predestined to die of can

frequent parasiti
par

perstition that there is a connexion between Cancer,
ase for some people still believe that those born under
cer.

3. ORIGIN OF CANCERS '

Cancer is neither new nor uniquely human. Malignai: growth may well be as old as life
itself. Tumors have been described in nearly all forms

of life in the animal kingdom and
neoplastic growth is well known in plants. Among humans, cancer fias been noted in mummies
preserved from ancient Egypt, and no reason exists to suppos

e itbegan there. Its distribution
includes nearly all life forms on this planet, and it is certainly not new.

Cancer is a disease associated with aging. In former days, many discascs claimed people’s
lives, frequently before they could become old. People now live longer and conséqucntly
may fall victim to cancer. The incidence of certain cancers has changed, some increasing,
others decreasing. Additional use of carcinogenic substances may account for the increased
incidence of certain cancers; in particular, those arising in the lung. But others, like those of
stomach or uterus, for unknown reasons, have decreased substantially.

Cancer is a disease that has been socially unacceptable. Only recently have victims begun to
disclose their illness, and even now a residue of the older attitude persists. Consider, for
example, the awe engendered when Mrs. Gerald Ford, wife of the then President of the
United States, announced publicly that she had breast cancer. Many congratualted her on
her courage at having made such a public statement and expressed the hope that her example
would encourage others to overcome their inhibitions and would seek help early. With more
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e r than real increase in
people talking freely about cancer, there may be a perceived rfl_ther ﬂ_,] ‘
incidence.

e . ingi t
Ina sense, however, it makes little difference whether cancer 1'nc1dence 15 mcre?ts ;:izghfi)cn
orin appearance. Cancer is a dreaded disease which the publlc wants to. th)l]rel-n of the first
the list of national prioritics and, for that reason alone, is a medical proble
magnitude.

4. DISTRIBUTION OF CANCER

Neoplasms of many different sites and tissues oceur in all species of animals that have been
studied i sutticiently large numbers for a long period. They occur in lower forms such as
amphibiaand fish (Sehlumberger ef al, 1948), and at the same time many plants also develop
aceliular reaction that appears to be analogous to cancer. This wide occurrence of neoplasms
in nature excludes specific constituents of diets and other environmental exposures that man

has developed in the process known as civilization from general implication as the only or the
main factor responsible for cancer.

Fhe term “spontancous tumor” is used to designate neoplasms that appear without a known

dsoragent being applied to the animal. In other words, they are tumors of unknown

Neoplastic diseases are found in all human populations that have been adequately studied

There are some striking racial and regional differences, however, in the occurrence of different

Vbes and sites of cancer.
3. BIOLOGICAL NATURE OF CANCERS

Scientists have discovered that cancers are composed of millions of abnorm
possess a malignant or life-threatening growth p

characteristic of all living matter, to understan

the functions of cells, the basic biological u
growth process.

al cells which
attern. Since growth is a distinguishing biologjcal
d the nature of cancer one must first understand
nits of all plant and animal life in the normal

Individually, cells are so small that they are invisible to the naked cye. Infact, it would take
700-800 of these minute structures just to cover the head of a pin. Life
these, the female egg or ovum and the male sperm, unite. Almost immediately the fertilized
egg bepins to divide and forms new cells. As this cellular multiplication continues, tissues and
organs arc formed and growth continues until an adult human body composed of billion
cellsis constructed. From the time of conception until the individual is fully developed, cellular
division normally proceeds at a remarkable speed and is an orderly, controlled, and predictable
fashion. At maturity, cellular production slows down and continues only at a rate sufficient to
repair or replace the worn out and damaged cells. Cancer which may occur at any stage of
development from infancy through adult life begins, when one or more of the billions of cells

involved in this complicated and little understood growth process develop an immunity to the

begins when two of

sof
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abnormal cells divide and reproduce atan extremely rapid ra

. . . N y 110 ‘e ) Y Dol
point. Eventually invasion ot the surroundimg tissues OCets Ly

mass of cancerous tissue forwhich there is no roomt in the b Wy is formed. W

these hite threatenmg, parasiwe prowths are referred toas malipnant neop

Ihe words “tumor and neoplasm™ are used interchangeable inreterting
of tissue w hich serves no function in the body. Butnol all ncoplasis (or tumors ) are

In fact. the great majority are confined to one location, such as the breast or Skin

N . . . ’ i 1ot al
W ade the sarrounding tissues or spread 1o distant sites. These non thal ti

0. TYPES OF CANCER

common misconception is that cancer is one diseasc. Actually, there ¢
different types of cancer, which are classified according to their site ol
microscopic appearance. These may and do originate in all parts of the boc, e Hom
sractically all of the different cell types which form the various internal organs
simplify matters, however, all cancers are separated into the follow ing four
of which indicates the type of body tissue from which the cancer originated

o  Carcinoma, a malignant tumor of epithelial or lining tissuc (skin, various i nes.
and glandular tissue).

«  Sarcoma, a malignant tumor of connective tissue (bone, muscle, and other “supportive”
tissues).

o Lymphoma, a malignant tumor of lympiatic tissue (Hodgkin’s discase anc
lymphosarcoma).

o Leukemia, a malignant disease of the blood-forming tissue: (often referred 1o as “cancer

of the blood”).

It is also important that the specific types of cancer within cach of the above subgroups
possess their own unique growth pattern and degree of virulence. Consequently. not only
must each cancer be treated differently, but the response to therapy may be exwremely

variable.

7. CAUSES OF CANCER

Many factors are believed to increase a person’s chances of developing Cancer. Skin cancer
frequently occurs after over exposure to sunlight, to x-rays, or to radium. Smoking is now
undeniably associated with the development of lung cancer. Exhaustive studies involving the
Japanese survivors of the atomic blasts of World War 11 have demonstrated that excessive
exposure to atomic radiation is unquestionably linked to the development of leukemia, a fatal
cancer of the blood. Employees in aniline dye factories are known to haven increased tendency

to develop cancer of the urinary bladder.
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The agents that are capable of cliciting a neoplasm usually are designated'as carcinogeni
(Table 1), '

Vog ! L

Table 1 : Physical ang chemical agents associated with’cancer formation
| D e dnbhnt o) af 2nsponrss o]

y i

W SOl o Sites of cancer 0o L
Tabacco | A Liiiié; oi"iyilifcla\;’,i:t’};, tbﬁéué, .]afyn*;-b]adder
Alcohol (heavy consumption) Oral caviw,'toﬁgUG,/ahd larynx
X-ray and radjum Lung, skin, blood
Radioactive chemicals Bones, nasal sinuses, thyroid
Sunlight Skin
halant exposure to - Lung

Asbestos
Nickel

|

| Chromates

i Radioactive ore and gas
i Prolonped contaet wit), - Skin
,i Petroleum products
[ Arsenic

i Tar

| Soot carbon black

i Aromatic amines, e.g. Bladder

i\ Aniline days

Several carcinogenic agents were known from clinical experience long before the extension
of the investipations to the laboratory. Perhaps the first was the description by Pott, 1775, of
scrotai carcinoma in men exposed to constant contact with soot. In 1915, (Yamagiwa and
[chikawa, 1918) reported that continuous painting of rabbit’s ears with tar led 1o the appearance
of carcinoma. The observation was rapidly extended to the mouse, and the simplicity of the
method led to its extensive use in cancer research.

Polycyclic hydrocarbons

The successtul search for the active constituent in tar was the achievement of the Britis|,
group under the leadership of Kennaway and Cook. The active ingredient was found to be
benzpyrene. As a matter of fact, the first carcinogenic polycyclic hydrocarbon compound to
be described. in 1930, was dibenzanthracene (Kennaway eral,, 1955). Further modifications
of the benzanthracene nucleus led to the synthesis and biologic testing of numerous related
compounds. Particular interest aroused when one of the more active of the carcinogenic
hydrocarbons, methylcholanthrene was synthesized from bile acids. The structural molecular
resemblances between carcinogenic hydrocarbons, cholesterol, bile acids and sterojd hormones
that alse were being isolated and synthesized during this period stimulated hopes that a

—
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] * th ol compounds
common molecular structure and the physmloblwl claboration of the body ot comj

aenie hvdrocarbons
similar to the hydrocarbons could clarify the cancer problem. Carcimopeni hydroca
actat point of contact,

[n man, exposure is usually to crude mixtures of materials, so (hat incrimination of single
chemicals is difficult. Nevertheless, compounds of the polyeyclic hydroc arbon tvpe probably
are the active carcinogens in the industrial skin cancers of workers with coal tar, pitch, soot,
asphalt, shale, petroleum and paraffin oils (Hueper, 1942). Similar compounds also arc
important in the production of cancer of the fung, larynx, and oral cavity amony lw\):\;l(."‘
smokers (Surgeon, 1964) and in the increased incidence of respiratory cancer, among City
dwellers exposed to atmospheric pollutants.

Benzo[a]pyrene
(3,4-Benzpyrenc)

(11)2120 ;_z]gizi)lgs;;:::ah:;:eene) 3-Methylcholanthrene
949,00

Estrogens and other hormones
Estrogens are among the chemical compounds whose carcinogenic action is distant to the
site of administration and limited to specific target tissues. Estrogens include synthetic

chemicals such as diethylstillbestrol and trlphenylethylene as well as physiologically produced
chemlcals w1th estrogemc actnvnty :

The carcmogemc effects of estrogens in rodents was demonstrated much later for man. In
1971, (Herbst et al., 1971) reported the occurrence of cancer in the vagina in girls whose
mothers had taken diethylstilbestrol in large doses during their pregnancy. Thus, this synthetic,
orally effective estrogen is carcinogenic for the human fetus, with the effect becoming evident

fifteen years later. In 1975, it was shown that exogenous estrogens increase the risk to
endometrial carcinoma.

\] I
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Nitrosamines and related compounds

The nitroso compounds, such as dimethylnitrosamine include active and multifarious
carcinogens. They are potential industrial and environmental hazards to man. Minute amounts
can be formed in the stomach from nitrites and amines in the diet (Greenblatt et al., 1971),
raising the possibility of their role in the occurrence of gastrointestinal cancer in man.

Other chemicals and materials

Ethy[ carbamate (urethane) produces pulmonary tumors and hepatomas. It is also an
“incomplete™ carcinogen for the skin in that it will evoke skin carcinoma if the site is also
painted with croton oil an irritant with little or no carcinogenic activity (Roe et al., 1995). The
alkylating agents used in cancer chemotherapy are also carcinogenic (Shimkin et al. 1966).

A number of inorganic chemicals are incriminated in the production of cancer in man. These
include arsenic, which produces cancer of the skin following extended medicinal or industrial
exposures; chromates, which, upon inhalation produce bronchogenic carcinoma; and nickel,
which increases the occurrence of bronchogenic carcinoma and carcinoma of the nasal
cavity (Demerece, 1948). Sarcomas have now been elicited in rodents with chromate and
nickel compounds, but arsenic remains to be demonstrated convincingly as carcinogenic in
animals (Hartwell, 1951). Asbestos is incriminated as a carcinogen in man as well as in

animals (Sclikoff et al., 1968).

Carcinogens also are recovered from natural sources, such as plant foodstuffs, and
contaminants thereof. Discoveries of aflatoxin and of cycasin are pivotal.
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Cyeasin is a natural product of the Cycas circinalis nut, a nutritional source i Guam and
other tropical regions. The active chemical is glycone and is not carcinogenic unless the
glyeone portion of the molecule s first split off by intestinal flora, yiclding the asbsorbable
aglycone methylazoxymethanol. |
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O=CHs Ethyl carbamate
Aflatoxin B | (Urethane)
H3C\ e
N—N=0 3CN=N=CH,-0~CgH,,05
HyC”™ v
0
Methyl thanol-
Dimethylnitrosamine ethylazoxymethanol

B-glucoside cycasin

Roentgen and ultraviolet radiations

The fact that roentgen rays and radium are carcinogenic was shown within ten years of their
discovery by the tragic occurrence of skin carcinomas in physicians and other workers who
exposed themselves to the new rays. These ionizing radiations are carcinogenic, whether
delivered from external sources or administered in the form of fission products.

The tragedy of Hiroshima established that ionizing radiations are also leukemogenic and
induce thyroid cancer'in man. Therapeutic and even diagnostic doses of radiations increase
the risk to leukemia, indicating that ionizing radiations may become an increasingly important
source of carcinogenic exposure for the populations of the future (Glucksmann et al., 1957).

The induction of skin cancer following exposure to ultraviolet radiations was first suspected
on the basis of clinical experience and subsequently reproduced experimentally in mice. The
effective wavelength was found to be in the 2,900 to 3,200 A range. The production of
tumors depends upon the quantity of radiant energy applied rather than upon its intensity and
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a quantitative relationship, has been established between the dose of rad‘iations and ?he
neoplastic reaction (Blum, 1959). A different type of action may be involved in the m(h‘nctlon.
of ncoplasia by ultraviolet radiations and carcinogenic hydrocarbons, since the action of
these two agents is not additive.

9. PLANT ALKALOIDS

Vinea alkaloids

Vincristine and vinblastine are complex alkaloids derived from the periwinkle plant
Catharanthuy roseus (also called Vinea rosea). They are members of a general class of
drugs that act as mitotic mhibitors (“spindle poisons™). Although several vinca alkaloids have
been isolated and shown to be eytotoxic, vineristine, vinblastine, and vindesine are the only
ones used clinieally. The mechanism of action of these drugs has been reviewed by Wilson

The mutotic inhibitors act by intertering with the function of microtubules. The cytotoxicity of

acristine and vinblastine is attributed to their ability to interrupt cell division in metaphase
Bruchovshveral 1965), but other effects could also contribute to cell death. Their action

is M phase specific. If the drug is removed shortly after metaphase arrest, the effect is
Sensioe and many cells will proceed through the growth cycle (Malawista ef al., 1968).

Indeed. this type of blockade and reversal can be used to obtain synchronous cell populations.

Us

Vineristine i one of the drugs used to treat paticnts with advanced Hodgkin’s lymphoma as

partof the preferred MOPP regimen [mechlorethamine, vincristine (Oncovin), procarbazine,

prednisone] (De Vitaer al., 1972). Vincristine is used in various combination regimes to treat

acute myelogenous leukemia, lymphocytic lymphoma and diffuse histiocytic lymphoma.

Vincristine is sometimes used to treat adult solid tumors, such as those of the breast, lung,

Vinbiastne is also used in combination drug therapy to treat several lymphomas, including
advanced ilodgkin’s disease. Vinblastine is sometimes used alone in therapy of patients with
gestatronal choriocarcinoma that is resistant to methotrexate and in combination with other
ov‘rugs fo treat patients with breast cancer that is unresponsive to hormonal therapy and
resistant to the major preferred combination drug regimens.

(¢

Toxicity

Vinblastine depresses the bone marrow. Vineristine depresses the bone marrow much less
commonly and itis considered to be marrow sparing, compared to most anticancer drugs. 1t
s pm.xihlvc that this difference could be due to more efficient uptake of vinbalstine by the
stem cells of the marrow, although this has not been demonstrated. Vinblastine can produce
thrombocytopenia and anemia, but these occur rarely, and in clinical use, vinbla'stine Is
considered to be platelet sparing. Vincristine may actually produce thrombocytosis in some
paticnts (Carbone ef al., 1963).
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Taxol

The naturally occurring complex diterpenoid taxol (Taxol A, taxol, paclitaxel) (1) (Wani er
al., 1971) has recently been identified as an exceptionally potent novel chemotherapeutic
drug to combat cancer. The compound has been considered by the National Cancer Institute
(NCI) as “the best anticancer agent developed in recent years”. The discovery of the compound

in 1966 ranks in retroprospect as one of the most significant discoveries ever made in the
field of naturally occurring anticancer drugs (Kingston, 1991).

Taxol (1) (Wani et al., 1971) is a novel complex molecule with various functionalities in
different chiral centres. It is available from natural source (yew species) in very low yield
and its synthesis is very difficult (Das and Das, 2000). The compound is highly potent for
treatment of ovarian and breast cancers (Rowinsky et al,, 1990). 1t exhibits a unique
mechanism of action as a microtuble stabilizing agent. Such a mechanism was prev
shown by any other known anticancer agents (Schiffetal., 1979). Taxol h

the attention of the chemists and biologists all over the world mainly
reasons :

tously not
asrecently attracted
due to the following

° natural scarcity -

* chemical complexity

*  promisingantitumour activity
® - unique mechanism of action.
The molecule contains an unusual oxetane ring and a phenylisoserine moiety as a side chain
(Wani ef gf, 1971). The ye

W plants (Taxus) of different varieties and of different regions
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were subsequently investigated to determine their taxol content. The compgund - been‘
found in all the Taxus species and in the endop'liytic fungi of Taxus,brevifolia (Taxomyieél
andreana) and Taxus wallichiana (Pestalétibpsis n1ictjbsp0ﬁa) (Stierle e al., 1993; Strobe
etal., 1996). However, the bark of the Pacific Vye‘w‘ is the best natural source of taxgl. It has
also been observed that taxol concentration in the plant is highest in the bark, with roots
second best, followed by needles and wood (Das and Das, 2000).

Difterent analogues of the compound in which the N-benzoyl group of the side chain, replaced
with other acyl groups have been synthesized and one such analogue, taxotere (docetaxel)
(2) (Guenard e al., 1993; Schrijvers and Oosterom, 1996) has been found to be more
impressive than taxol. Acid catalyzed conversions and decomposition of taxol have also

been thoroughly studied (Das et al,, 1998; Das ef al., 2000).

The semisynthesis of taxol has been carried out (Denis et al., 1988) from IO-deacetylbaccat{n
T(3). a myjor taxoid constituent of Taxus baccata and other yew plants. The total synthesis
of taxol has also been achieved by various researchers.

Bioactivity :
Taxol (1) has emerged as a highly promising cancer chemotherapeutic agent (Das and Das,
1994). The compound at first showed! potent cytotoxicity against KB cells and subsequently
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] 1210, P 1534
and B 16

its antitumour activity was observed in different leukemia models .s'u'ch as L. -
and P 388, The activity was confirmed i vivo in Walker 250 (”‘,:“-C,mm:““m_l‘“ hioassays
melonomasystems. The compound was also found to be highly active 1 SORIC HEs e
including human-tumour-xenografi assavs (Kingston, 1994)

Tax : tablic TUEPOR b aniaue mechanism of action on
Taxol has been established as a novel antimitotic agent with a unigu e | i
the tubdinmicrotubule systems. The compound was found to stabilize microtubules and i

St AR : ( , Wi antitumour agents
depolymerization back to tubulin, This is the opposite effect of othet known antitumot ‘
' ; : . : O O P and Horwitz
winch all bind to soluble llll\ulm to form n]|p|‘n[l|h(||c\‘ (,\vluli f al 1993 P ‘o
108 1) '

Fanol showed excellent activity against several human cancer discas
melanoma and breast cancer (McGuire ¢ af., 1989; Holmes eral 199

was approved by the US Food and Drug Administration ('DA) for the treatment
advanced ovarian cancer and metastatic breast cancer in 1992 and 1994
(Ningston, 1994),

Epipodophyllotoxin analogs

Podophylotoxin is synthesized by the plant Podophyllum peltatum, commonly known as
the American mandrake or May apple. It is a mitotic inhibitor that acts by binding to tubulin.
A number of semisynthetic derivatives of podophyllotoxin are now available and two of
them, VM 26 and VP 16-213, are active against some animal and human cancers; they are
now in clinical trial in the United States. The antitumor activity, pharmacology, and toxicity of
these epipodophyllotoxin analogs have been reviewed (Rozencweig et al., 1977).

s

VM 26 and VP 16-213 do not cause dissolution of microtubules (Krishan et al., 1975) and
they reduce the mitotic index, rather than produce mitotic arrest. These drugs appear to have
their primary effect in G, or perhaps in late S phase and they prevent the entry of cells into
mitosis (Krishan et al., 1975; Grieder et al., 1974). In various systems, the drugs have been
shown to inhibit mitochondrial electron transport (Gasalvez et al,, 1972) to decrease nucleotide
uptake into cells (Loike and Horwitz, 1976) and to increase intracellular DNA degradation

(Loike and Horwitz, 1976) but their biochemical mechanism of action has yet to be clucidated.

Use

The epipodophyllotoxin analogs are active against Hodgkin’s disease, non-Hodgkin’s
lymphemas, acute leukemias, small cell lung cancer and central nervous system mali gnancies
(Rozencweig et al., 1977). Their relative lipophilicity and their activity against intracerebrally
inoculated L1210 leukemia in mice have made these compounds attractive candidates for
clinical trial in cancer of the central nervous system. -

Toxicity

The dose-limiting toxicity for both drugs is leukopenia, with thrombocytopenia being somewhat
less frequent (Rozencweig et al., 1977). Chemical phlebitis can occur at the injection site,
Nausea, vbmiting';fnd a revg‘rsible alopecia are common, but diarrhea is infrequent. Stomatitis,
fever, chills, and episodes of generalized erythema, bronchospasm, and anaphylaxis have

B e nne s T T—



13
—_— e

been reported with these dry
intraperitoneal or the intr
toxicity has been demop

gs. These drugs should probably. not be given to humans by the
apleural route, No significant difference in actions, clinical effect, or
Strated between VM 26 and VP 16-213 (Rozencweig et al., 1977).
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Epipodophyliotoxin analogs
VM 26 (NSC-122819)
VP 16-213 (NSC-141540) CH,

10. ENZYMES

L-Asparacinase
{ foe)

Enzymes are used both locally and systemically in medicine, and several have been tested in

experimental systems for possible anticancer activity. L-Asparaginase is the only enzyme
now used clinically in the treatment of cancer.

Tumor cells that are killed by L-asparaginase have either no asparagine synthetase activity
orvery low levels of synthetase (Broome and Schwartz, 1967) which catalyze the transfer
ofan amino group to aspartic acid to form asparaginc.

Asparagine synthetase activity has been assayed in asparaginase-resistant lymphoma sublines
and found to be much higher than that of the asparaginase-sensitive parent cells (Broome
and Schwartz, 1967). The mechanism by which asparagine depletion causes the lysis of
sensitive lvmphocytes has not been worked out. As might be expected, asparagine depletion
is rapidly followed by inhibition of protein synthesis (Ellem ef al., 1970). Nucleic acid synthesis
is inhibited later, presumably as a consequence of protein synthesis inhibition

has avery hmited spectrum of clinically useful action. In 10 to 20 percent of
leukemia of nonlymphocytic nature, complete or partial remission has
beeraeporied with aspraginase therapy (Octtgen, 1973) . No significant beneficial response

\ : 103 N AChArI I acs je Bec a1 ed onl '
has been reported with solid tumors and currentiy, asparaginase is essentially used only in
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acute lymphocytic leukemia to induce
t1s generally not employed in m

remission. Because of the risk of anaphylactic reaction,
the bone marrow

l amtenance therapy. Asparaginase has a minimal effect on
addition to and does not produce stomatitis and for these reasons it would be an ideal
o combination drug protocols if it had wider range of ¢linical activity.

Toxicity

A‘ S 1‘ .0 “ ‘ Sy e ? s \
\sparaginase therapy is commonly accomp

(Haskell er al.,

anied by nausca, vomiting an
Q[ arlv nrenarags > :

{ . .l 769). Early preparations of enzyme were contaminated
» YON S LY a5 . .
endotoxin but since purified preparations have become availible. feve

Tl
ria

CVer 1S5 solmewhiadl 1€

common. Because asparaginase is a foreign protein, hypersensitivity rcactions would be
c\pcctcd‘; they have been observed in about 25 percent of paticnts (/,u/'mwk 1970). Many of
IE\C rc;}ctxons are of the urticarial type but some patients experience an anaphylactic r'rv~>:)<;£1:>c.
For this reason, a syringe with epinepherine should always be kept at hand during adiii istration
and patients should be carefully monitored. b

11. MISCELLANEOUS ANTICANCER DRUGS
Hydroxyurea

The early studies of the biological activity and the pharmacology of hydroxyurea have been
reviewed. The drug specifically inhibits DNA synthesis without inhibiting the incorporation
of precursors into RNA or protein (Young and Hodas, 1964). When bacteria or mammalian
cells are exposed to hydroxyurea, there is a marked reduction in the size of intracellular

deoxyribonucleotide pools but no reduction in the amount of ribonucleotides (Skoog and
Nordenskjod, 1971). ’ '

Hydroxyurea kills cells that are synthesizing DNA (Sinclair, 1967) and thus, like cytarabine,
it is an S phase specific agent. It has been thought that the drug reversibly blocks the cell
cycle at the G, side of the boundary between G, and S (Tobey and Crissman, 1972) but
additional data suggest that G, cells treated with hydroxyurea enter the DNA synthetic
period at a normal rate but that the rate of DNA synthesis is greatly reduced and the block

isin the S phase (Walters et al., 1976). Hydroxyurea is well absorbed from the gastrointestinal
tract and it is routinely given orally.

Table 2 : Major untoward effects of the plant alkaloids and miscellancous
anticancer drugs and indications for their use.

Principal toxicities

Drug Acute Delayed Major therapeutic

indications

Plantalkaloids| Localreaction after Peripheral neuropathy Acute lymphocytic

Vincristine  °| exravasation (avoid | (dose limiting); alopecia; | leukemia (induction of
' contact with skin and | bone marrow depression | remission); Hodgkin’s
eyes) (marrow sparing relative | lymphoma (e.g. MOPP

B - to most anticancer drugs); | regimen); acute




Vinblastine

'Epipodophyllot

--oxin analogs

(VM 26, VP
16-213)

Miscellancous

drugs
Asparaginase

Hydroxyurea

|
| Mitotane

Procarbazine

and vomiting

hypotension if
administered too
rapidly

Mild nausea and
vomiting

diarrhea

(DDP) ‘

. L“"—

: . | .
Cis-platinum | Nausea and vomiting

| Tiyperuricemia:

Local reaction after
eXxtravasation; nausea

Nausea and vomiting;

Nausea and vomiting,
fever; anaphylaxis

Nausea and vomiting;

Nausca and vomiting

15

constipation (adynamic
illeus can occur)

Bone marrow depression
is dose limiting (primarily
leukopenia); alopecia;
stomatitis; peripheral
neuropathy (less common
than with vincristine)
Bone marrow depression;
alopecia

Hepatotoxicity,
hyperglycemia;
pancreatitis; abdominal
pain; coagulation defect;
CNS depression

Bone marrow depression;
stomatitis; dermatological
reactions

CNS toxicity, including
lethergy, dizziness, and
visual disturbances;
adrenal suppression; rash
Bone marrow depression;
CNS depression;
stomatitis; allergic
reactions; disulfiram-like
reaction with alcohol
ingestion; monoamine
oxidase inhibition (avoid
sympathomimetic drugs
and foods with high
tyramine content)
Naphrotoxicity;
ototoxicity; bone marrow
depression

myelogenous Teukemia; |
non-Hodgkin’s
lymphomas; pediatric
solid tumors; some
adult solid tumor (e.g.
brast, lung, cervix)
Hodgkin’s and non-
Hodgkin’s lymphomas;
testicular carcinoma;
methotrexate-resistant
gestational
choriocarcinoma
Hodgkin’s and non-
Hodgkin’s lymphomas;
acute leukemias; small
cell lung cancer; CNS
malignancies

Acute lymphocytic
leukemia (induction of

remission)

Chronic granulocytic
leukemia; prevention of
leukostasis in leukemia
patients; malignant
melanoma

Inoperable
adrenocortical
carcinoma

Hodgkin’s lymphoma
(e.g., MOPP and CVPP
regimens); non-
Hodgkin’s lymphomas;
small cell lung cencer;
malignant melanoma;
brain tumors

Testicular tumors;
ovarian and bladder
cancers; head and neck
carcinomas

|
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lexamethylme| Nausea and vomiii —
, N [e Y % . v - v T e
lamine ing | Bone marrow depression; ] Ovartan and cervical \
peripheral neuritis; CHS cancer; lung cancer, l‘
Razoxane Nause: o depression ‘ lymphoma }
FOX ausca and vomiting | Bone marr i |
(](Rl‘ 159) 4 one lll(lllt)\v(I('lm‘.,m“'_ ‘ l,(-nlﬁmn;v‘ |
| | alopecta | lymphomas: <o orectal |
—_— | Cald INotid
Toxicity
Mild nausea « T
i auscea d A BN .
a and vomiting are experienced by most patients receiving this drug (5 hwartz
S10OT1L, v'v/i'.ll

;]u‘ldkk,ufwlllos‘ 1973). The major dose-limiting toxicity is bone marrov depre
llnllf l:'p‘uhnmv &}l‘lk\i less comimnly,l l'ln'mnbocylo})wizl and anemia. (Table-2). Megal bla
e Marrow is common. Stomatitis and gastrointestinal uleeration may occur when particu
mgc amounts of drug are given. Dermatological reactions in paticnts on long-term
maintenance therapy include increased pigmentation, scaling and atrophy of the skin, wmm
and hands (Ken C1975).

tos1s 1N

larly

nedy el di i~

alopecia, nail changes, and erythema of the face
Hydroxyurea is known to be teratogenic in animals, including primates and this ¢hieet

be considered when women of child-bearing age arc ll‘C(llcgl (Wilson ef al.. 1972)- When
apy, mucosal reactions in the radiation field

must

hydroxyurea therapy is combined with radiother

may be more severe (Hussey and Abrahams, 1975).

O

HN-C— NH — Ol
Hydroxyured

Mitotane

Mitotane is 1,
trivial name, 0, P
adrenocortical carcinoma

yl)-2-(p-chlorophenyl) ethane, best known by its

| dichloro-2 (o-chlorophen
ive treatment of inoperable

*.DDD. Mitotane is used only in the palliat
(Lubitz et al., 1973). The medical use of this compound is based

on the observation that the insecticide DDD (an analog of DDT) produced necrosis and
oodard, 1949). The isomer 0.p -DDD

atrophy of the adrenal cortex in dogs (Nelson and W
t (Cueto and Brown, 1958). Mitotane

was subsequently identificd as the principal toxic agen
apparently acts directly on the adrenal glands, producing degenerative lesions of the zona
reticularis and the zona fasciculata in the cortex (Vilar and Tullner, 1959). The biochemical

mechanism of its action is not known. Mitotane is administered orally.

The drug is widely distributed in the body, but it apparently does notenter the cerebrospinal
fluid (Moy, 1961). Like the insecticides DDT and DDD, a significant amount of the unaltered
drug is stored in fat (Moy, 1961). On discontinuation of therapy, the drug disappears slowly

from the serum over the course of several weeks.
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About 75 percent of patients receivir hoew 0aTs ai M uameini b (5704
(Lub.itZ etal., 1973). gide :;?eZ‘:: elemg' mitotane have some gastrointestinal side effects
somnolence (40 per cent); dizzi cenin th? central nervous system, include lethargy and
“arely, headache, con fusion e iness or vertigo (17 per cent); weakness (21 per cent); and
adlies snd eliaiges i qk}n }mrs,VISL}aldlstrubanccs, and retinopathy (Lubitzet al., 1973).
973). Since adrenal Sup~prcq£l\gn'lcnlatlop oceur in 13 per cent of patients (Lubitz et al.,
Jscontinued following s }\ C I.\ is the principal action of the drug, it should be temporarily
g shock or severe trauma and because the depressed adrenal may not

be able to rapidly secrete steri
piat ete steriods, exogenous glucocorticoid should be administered.

?ch
QCH’@CI Mitotane
(0,p-DDD)
Cl
B CIJHCI2
/
c— .\>—CH{\>—*CI DDD
\— _
?Cb
VR
Cl—\’/ \ CH«@fm DDT
\—— _—

Procarbazine
Procarbazine | | -mcthyl—2-p-(isopropylcarbamoyl) benzylhydrazine hydrochloride] was shown
(0 be active against a varicty of animal tumors (Bollag and Grunberg, 1963) and it now has
lished role in the treatment of cancer in man. The biological effects and pharmacology

an estab
eed in 1975 and its clinical application by Spivak in

of procarbazine have been reviewed by R
1974.

seen shown to have a number of biochemical effects, its mechanism
The drug prolongs interphase and produces chromosome
[ls (Rutishauser and Bolag, 1963). Strand scission occurs
Iy DNA in the presence of oxygen (Bernics et al., 1963).

If oxygen is replaced by an inert gas, or if peroxidase, or catalase is added, the viscosity of
the DNA does not change. The parent drug undergoes auto-oxidation at 37°C in aqueous

solution, producing hydrogen peroxide, which can degrade DNA.

Although procarbazine has t
ofaction is not yet clearly defined.
breaks in Ehrlich ascites tumor c€
when procarbazine is incubated wit

USQ

Procarbazine is used in combination dr
‘"‘EPGTF of the MOPP [mechlorethamine. vincristine (
(De Vita et al. 1972) and CVPP (cyclophosphamide. v

—_—

ug therapy of patients with advanced Hodgkin's discasc
Oncovin), procarbazine, prednisonc]
inblastine, procarbazine, prednisone)




1S
)

z!oomﬁCld et al, 1976 re

vmp! Bimens, | jq I
. L ) ) oo ) . N \ ; ' . —
:!mii—'-km s lvmphomas (NPI\'ucl\r‘ 197, S0 yge

e —————

din vy
| . v M Y ai !
‘ i m:lll‘:'”‘”“ mgl\nmmu ((‘Olniq | »Sal] ¢ |\‘~’n‘(~i 1ous (Im;'_ protocols to treat non-
g cerebral L1210 rat leukemiy N Cagy, l()’//l)ll‘l);mw'II“"'“'V(M.r netal 1975)
m”'; o Tvne hea < ln(\(k\l; < | CCanse of ,
Acarbazne has been used to treag iy, I.llld 1S goog Penetry; PGS activity against the
pross ¢ alip SO mto the cepel

¢ mmal (1. |
() ,‘.' o Iv 1aq

L0AN yn
NChraiy Wmors (g,

l‘l,\it'i‘." o i - !
e major XIS O procarha i )
\.\iah lcukopenia m1d.lhmmlmcympcniu (
nerthe iitial administration of the
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Spvack, 1974)
. rocarbazing is als drug bug
o74). Procarbazine is also heurotoxic, and
oeipheral neuropathy (seed Taple 9-3) (

f:\\;‘n‘ssion ranges from mild drowsiness
cuding hallucmations, agitation
07 though they are rare. P

sible bone marrow depression,
Nausey
nd 1o subside
ay produce

and vomiting occur frequently
as lll(?l!lp‘/’ ontinues (’.pi ,’::’,‘,’,
) ZII(CIU(I ICV’.‘I‘: (Jf Consc i!;ll’ ness or
LI‘.SS elal, 1976). Central nervo datl
) tupor i i
) profound Stupor, and transient mental changes,
! aNIC psychosis haye
aresthesias of (e extre
Jeves can oceurtthey are reversible oy, cess
- doxal phosphate levels inanimals 4 ith
Lrotonic effeet (Chabner er al., 1969).

Lo pr
and m o
also been reported (Weiss ¢f al.,
mities and hypoactive deep tendon
ation of therapy. Procarbazine lowers plasma
as been suggested that this may play a role in its

' e 1P09). Administration of pyridoxine, however, |
op found to reverse this toxicity in man.

/CH3
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CH,

Procarbazine

Cis-diamminedichloroplatinum(Il) | o
Cis- diamminedichloroplatinum(Il) (DDP) is one of a numver of platinum coordination

somplexes with antitumor activity.

Several chemical requirements for the antitumor activity of platinum_(ll)\c\omlplexes haye
een established. Since all the frans-compounds tested have been ineffective, the cis-
! .

configuration appears to be required.

m(1I) appears to kill cells in all stages of the cell cycle (Drewinke

and Gottlieb. 197 5). The drug produces a selective and persistent inhibition of DNA synthesis

ininstimulate ' hocytes (Howle
' ' : ; .maeplutininstimulated human lymphocy

Mavariety of cell types, including phytohemags i s tumia?
elal 192/1) huma)g)amnion cell (Harder and Rosenberg, 1970) and Ehrlich ascite

¢lls (Howle and Gale, 1970).

Cis-diamminedichloroplatinu

. £ DDP with both natural DNAs and synthetic

tion O guanine preferentially (Murchausen and Rahn,

X . can be attacked but some
15)and to adenine and cytosine- Multiple sites on the :;aasesbe e The cis isomer.
i erene e tions of cis- and (rans-1Somers 1 ywhereas the trans-isomer

for eXan esl between the rt;)ac h the O° and N7 of DNA guanine,

~dMple, reacts with bot

\

Yeveral studies of the associa et
Plynucleotides show that the drug binds 10
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" The major dose-limiting effect is nephrotoxicity.

acute 1cCrosis, primarily affecting the
avoluted tubules and formation
t may be

duind . pecially sensitive
;;;1%:31{9) (Rozencwelg el al., 1977)
pathologic! changes in the kidney consist of focal
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a dose-dependent ototoxicity tha

1977). The drug produces
ring loss or both (Picl et al., 1974).
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at neither the chloride nor the amine groups in
pic hypcrsensitivity, there was no cross-reaction with
own antitumor activy 1975). In additio

coleins Lo induce DDP itselt 1

experiencing anaphylactic ty
with DDP analogs showed th
essential for reactivity butin this ato
three other platinum complexes of kn
o actine as a hapten and binding to P

ity (Khan e/ al.,
allergic reactions.

mmunosuppressive (Khan ¢/ al. 1975)-
b NH . Cl NHy Cl
j s 2.33 A/ N ;
~ N ! N 5 \‘ 32 A
1/ 'J‘ X //
| \\ A 0
- o o f )\ y ) Q
275 A 70\ Pt g19A | 3.3A (rt) )
‘ / \ / N
A 0 / o\
1].95,\//')33/\ o C|/ 88.5 \
} NH
NH, NHy
cis Trans
o - [

e g

-~



-
e
B e
.

llmlnt

SUN

n“ anine (HMM), an mvestigational d
onal drug has |

]nul
5 1 U . Its \llllkllllk 1\\Ll\ \‘l“\ll.n] | b on ‘
o thatofthe alkylaty R
mg agent t

Y 1\1\1 has been shown to inhibit 1l
I8
JU»l I L] l\kllk\ fumaor cells v ”K(”l”‘l Hion of
phit itro (Lleere and Domnelly, 1971)

e
 been studied moany detail and (he '
¢

e

RN ¢ n\
A }1‘1\ |

S AL | (A

1

WA

qrly W ide *K’Ck‘ll‘tllll of action against solid t
© sohd tum

.

ctnvIy in cancer of the ovary and there i 1
.. SCV l(
\owlbl\ aterine cancer (Devita et al., 1976 LI“
)). il

NiLaa

\ .;P‘k (]: (O | =
4 m“ cancer (P¢ articularly the small cell type), lymph (LI posses
g o ymas (both H
| P“) and breast carcinomas (Lgegha et al., 1976). ’
oA )
ity
| paused. @ \nd vomitingare common side effects, bcin;:rcvaortcd in S0 to 7

.-

_‘i,_;:nb- (Lg ccgha et al., 1976). The nausea and vomiting appear 1o be related | -ftect
ﬂmm! qervous systemn rather than to local irritation of the gastre u V . and
 often dos¢ limiting (Lgegha ¢/ al.. 1976). Patients may " ccasionally expernente
domi 31 cramps and diarrhea. After prolonged administration of HMM, a tew v patients
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{ (his substance finds its way to uri il R A
" \m quantities or le S Way to urine or blood, and a test sensitive enough to detect
TS ¢ : SS 1S avall : o ’ '
n‘mo‘.‘l‘ - ofasingle tum s.|s "‘V*"‘ldblc, then it would be theoretically possible to detect the
yresenee ¢ | ;l;\qlfqm ) our cell. Tests such as those for HCG or CEA in plasma are capable
of detecting ST ‘““‘50“‘““0\”,blllnmnyfactorsinﬂucnccthclcvc!;cftumrmrrf‘fff’/f

deal tumour marker

[his would be molecular substance produced by all tumour cells that distinguishes ther
from normal cclls: Its production must be directly related to tum»our ma§3 ar?d it must be
found inseraorurine allowing a rest suitable for automation to be produced. The test would
Jetect cancer reliably and early enough for curative therapy.

Biochcmic:ll methods for mancer detection (table 3)

The biochemical monitoring of cancer has become a practical proposition since the
sovelopment of highly specific methods for measuring substances in biological fluids. The
major advancement was the development of the radioimmunoassay (RIA) and later the
enzyme-linked immunoassay (EIA) methods. These procedures are capable of quantitatively
Jetecting down to picogram (107g) per millilitre amounts of substances in biol
mowdaﬂhMSpCdﬁCmumodwsamathbkaWIUArdwsonﬂwcompcﬁﬁmwmrbmd%g
10 the antibody between the purified substance that has been radiolabelled (in the case Of
proteins such as HCG or CEA with '3T) and the substance in the biological fluid. Unbound
cadiolabel is separated from bound radiolabel and the amount of bound radioactivity is inversely
proportional to the amount of material in the sample. The EIA works slightly differently. The
antibody is bound to a solid support (e.g. anylon bead)and is incubated with the sample. Any
antigen present binds to the antibody. A second antibody conjugated to an enzyme (often
peroxidase) is incubated with the bead and reacts with the bound antigen. Incubation of the
bead with a chromogenic substrate for the enzyme results in colour development which =
proportional to the amount of antigen in the sample. A related procedure used in tumout
diagnosis is {mmunohistochemical staining of tissue sections to detect specific antigens. This
involves incubating a parafﬁn-embcdded tissue section with a specific antibody followed by
incubation with an anti-antibody conjugated to an enzyme (again often peroxidase) and then
the section is incubated with a substrate that gives an insoluble coloured product. The deposition

of the product on the section indicates t

ogical fluids

he presence of the antigen.

Table 3 : Some biochemical tests in clinical use for
detection and monitoring of cancer
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Substance (in serum) Structure | Mol Wt. Method of | Use I
assay }
Human chorioni T Gveoprotcin [ |
nan chorionic gonado- Glycoprotein 46000 RIA,EIA | Gestational {
U‘Opm (HGG) cancers !
subunit 16000
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Rudioimmunolocalisation of cancer
4 more recent development in the detection of cancer has been to Use 1
against tumour-associated antigens to localised tumours Wi
wolvespddon of adiokbelied (') antibody and a search for the
«cintiscanning. The first successful studies were carried ou
CEA by Goldenberg and his colleagues (Goldenberg ¢/ al.,
hese methods has been reported but generally both primary an
visualised provided that they are larger than 1-2 cm in em diamet
large amounts of antigen in the circulation seems t0 make litt
the method. The main emphasis with
carcinoembryonic antigen (CEA), a-Fetoprotein (AFP) or
(HCG) as the target antigens. Other targets ar¢ now being stu

antibodies should result in an expansion of these studies. T
‘| patients have given similar resu

monoclonal antibodies to CEA 1P ' |
antisera, However, studies Wit ls in experimenta
some advantages over the polye i
of radioactivity. A great deal of € '

© being used- Chan
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" 0fcl'mically useful tests for cancer described above demonstrate the lack of

leS
,\111“p . :
ety in C"“\LCl.dCthtlon, However, these tests used properly are useful and if specificity
Al criterion thgw would be no tests for cancer. No doubt in the future the search
ests will continue and with the expanding use of monoclonal antibodies and the

(v -
" gl
HM\\\\\\\\\&\\( DNA technology the chances of finding tumour-specific molecules are

) -~
ever before.

o
or than
. eent discOVery of oncogenes and their products should cause a great expansion in the

ne if these proteins can be used for early detection of cancer of for diagnosis

o determ
remalignant States. More effective antibodies to new markers, possibly membranebound,
dimprove radioimmunolocalisation. Similarly the use of human monoclonal antibod ies

orhceof the mouse monoclonals now in general use should reduce the problems of immune
5 to the injected antibodies. Research on the presently available markers such as
so continue with the aim of improving their use. Studies of the factors affecting
fincreasing their levels in blood perhaps by
er detection of recurrence.
d should continue
ival rates for

ol \
daul

Qsponse
ceawillal
Jeirplasma concentrations could lead to ways 0

hocking their metabolism. These studies could lead to earli

Rescarch in cancer detection has expanded greatly over the past ten years an
d have a substantial effect on surv

pexpand. Further advances in this area shou
many of the common cancers.
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