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FOREWORD

We have seen more advances in the chemotherapy of infections in the
last twenty years than in all the preceding centuries. Until the middle
*thirties there was only one type of bacterial disease which was suscep-
tible to efficient chemotherapy. In 1909 Ehrlich revolutionized the
treatment of syphilis by the introduction of Salvarsan and allied
compounds, but their value was limited to a few spirochaetal infections
and we had no chemicals which would effectively destroy the ordinary
septic infections from which we suffer.

For many years we had “ antiseptic ”’ substances which were used
(and still are) for local application to infected areas, but all the anti-
septics in common use twenty years ago were more poisonous to the
blood cells than they were to the infecting bacteria. This toxicity of
antiseptics to human cells made them unsuitable for introduction into
the body although when applied to an infected surface they could
kill the bacteria that they were able to reach. _

In the middle “thirties the sulphonamides arrived and showed us that
chemicals existed which could destroy the ordinary septic infections
inside the body. First there was Prontosil which acted by virtue of
the liberation of sulphanilamide. Sulphanilamide proved effective in
streptococcal, gonococcal and meningococcal infections. This was
soon followed by sulphapyridine which defeated the pneumococcus
and later by sulphathiazole and others which were powerful enough to
have some action on the staphylococcus. These were enormous
advances but sulphonamide treatment had certain disadvantages.

Then in 1941, penicillin, which 1 had described in 1929, was concen-
trated and its chemotherapeutic properties were demonstrated by
Florey and his associates at Oxford.

Penicillin was a much more powerful antibacterial agent than the
best of the sulphonamides and at the same time it had practically no
toxicity for the human body. It only affected certain microbes but for
infections due to sensitive bacteria it quickly established itself as the
drug of choice. The story has often been told of the value of penicillin
to the armed forces during the war, especially in the treatment of
septic wounds and venereal disease.

The success of penicillin was followed by a search for other anti-
biotics and in the last decade a number of new ones have appeared
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FOREWORD

which have greatly widened the scope of antibiotic therapy. Doubtless
there will be many further advances. -

In this volume Dr. Collier has described the general aspects of
chemotherapy and the different chemotherapeutic agents. There are
chapters on how some of the drugs work, on the development of
resistant forms of bacteria, on the problem of getting the chemical to
the microbes and on many other subjects which are of the greatest
interest.

It is not for me in the foreword to praise or criticize the contents of
this volume—that is the duty of the reviewer. There is no doubt, .
however, that Dr. Collier has taken an immense amount of trouble to
produce a book which will be a welcome addition to the literature on
chemotherapy.

ALEXANDER FLEMING.

viii



ACKNOWLEDGMENTS

My thanks are due to many who have helped me in various ways in the
preparation of this book: in particular to Sir Alexander Fleming for his
kindness in writing a foreword; to Professor G. A. H. Buttle, Dr. J. H.
Humphrey and Dr. E. P. Taylor for reading this book at different stages
in its preparation and for their many helpful corrections and suggestions
and to Dr. J. Earl Moore for kindly reading Chapter XI in typescript.

1 am also greatly indebted to those who have helped with the library
references, Miss F. McKechnie and Mrs. M. George and with the
secretarial work, Mrs. M. Storey and Mrs. M. Jones. I should also like
to thank Mrs. P. Stewart for her careful indexing.

I am grateful to Professor B. Lovell, General Editor of the series and
to Mr. G. Parr and Mr. E. W. Hamilton of Chapman and Hall Ltd., for
their patience and help.

I have to acknowledge with thanks permission to use many of the
illustrations. The source of each is indicated in the caption.

H.O. 1. C.



CONTENTS

PAGE
FOREWORD BY SIR ALEXANDER FLEMING . ; . vii
ACKNOWLEDGMENTS . . . ; ; . . iX
INTRODUCTION : . . : s . . 1
CHAPTER
I. Two FUNDAMENTAL PRINCIPLES . . . . . 9
II. MICROBIAL ATTACK AND THE BODY’S DEFENCES . ; 21
III. SELECTIVE POISONING . | . . . . 32
1V. THE PROBLEM OF GETTING THE CHEMICAL TO THE MICROBE 47
V. How SOME ANTIMICROBIAL SUBSTANCES MAY WORK . 58
VI. THE DEVELOPMENT OF RESISTANCE TO DRUGS BY
MICROBES . : 2 . ; ; . p 70
VII. ANTIBIOTICS 9 ; ’ : : . . 84
VIII. PENICILLIN . : 2 . : . . . 108
IX. STrREPTOMYCIN, NEOMYCIN AND VIOMYCIN . . . 122
X. THE FIRST SUCCESS OF EXPERIMENTAL CHEMOTHERAPY . 136
XI. PENICILLIN IN SPIROCHZETAL INFECTIONS : ¢ . 149
XII. THE SULPHONAMIDES . . . g : . 160
XI1II. THE CHEMOTHERAPY OF TUBERCULOSIS AND LEPROSY . 171
XIV. TaeE CHEMOTHERAPY OF SOME TROPICAL DISEASES . . 181
XV. THE CHEMOTHERAPY OF THE MALARIAS . ; . 208
XVI. Summing Up . . R : ; . . 228
SuBJECT INDEX : : . . : . . 235

AUTHOR INDEX s i - ; . . 243
Xi



FiG.
FIG.
FIG.
FiG.
FiG.

FiG.

Fi1G.
Fi1G.

FiG.
FiG.
FiG.
Fi1G.
FiG.
FiG.
FiG.
FiaG.
FiG.

FiG.

FiG.

LIST OF ILLUSTRATIONS

1. (a) and (b) Electron micrographs of a bacterium and

N

9.
10.
11.
12,
13.
14.
15:
16.
17.

18.

D th A

a virus

The chemotherapeutlc tnangle

The chemical structure of some pemcdhns

A phagocyte squeezing between two cells of the

mucous membrane in a guinea-pig’s small intestine

The relationship of blood, lymph, tissue fluid and
cells .

The course of decholin durmg the 14 seconds between
its injection into a vein and its taste appearing in
the tongue . . . ;

(a) Anthrax bacilli, showmg spores

(b) Corynebactenum diphtherie

The effect of carbolic acid on bacteria and on phago-
cytes in human blood; and the effect of the
phagocytes upon the bacteria

Staphylococei and streptococci (in chams) among
pus cells

Fowl macrophages cultivated in glassware

Injection of penicillin into a mouse .

The fourth case to be treated with penicillin

Penicillin levels in the blood of a patient after admin-
istration of the antibiotic in various vehicles

The levels of penicillin in the blood serum of a month-
old child after (i) oral and (ii) intramuscular admin-
istration of 100,000 units .

Chemical relatxonshlp and blologlcal antagomsm

The sensitiveness of 157 strains of Staph. aureus to
penicillin

Passaging and testin ga strain of Trypanosoma equzper—
dum ;

The spontaneous development by T equrperdum of
resistance to certain phenyl arsenoxides

19. (a) The antibiotic effect of the pneumococcus (P) upon

the meningococcus (M)

(b) The responses of different bacterial specws to pem-

cillin .
xii

PAGE
2-3
16
2
24
26
32
32
36
41
42
43
44
53
54
64
70
77
78
88
88



FiG.
FiG.
FiG.
FIG.
FiG.
FiG.
FiG.
Fi1G.
FiG.
FiG.

FiG.
FiG.

FiG.
FiG.
FiG.
FiG.
FiG.
FiG.
FiG.
FiG.
FIG.
FiG.
FiG.
FiG.

FiG.

LIST OF ILLUSTRATIONS

20. (a) The chemical structure of chloramphenicol (chloro-

21.
22.

23,
24,
25.
26.
27.
28.
29.

30.
31.

32.
33.
34,
35
36.
37.
38.
39.
40.
41.
42,
43.

44,

mycetin) .

(b) The tetracline rmg system )

Some bacteria included in Table XIIl :

The development of fungi on a culture plate lhxckly
sown with bacteria

A method of estimating the potency of pemcn]]m
samples

Fleming’s orlgmal culture plate of staphy]ococm
contaminated by a spore of Penicillium .

Penicillium .

Penicillium growing on the surface of a culture-plate

The effect of penicillin upon the staphylococcus

The chemical structure of streptomycin .

Improvement of tuberculosis as a result of treatment
with streptomycin

Causative organisms of some Qplroch&toses

Steps taken by Ehrlich in the development of
arsphenamine from atoxyl

(a) The oxidation of arsphenamine to oxophenarsme

(b) Arsphenamine and neoarsphenamine

The relationship of sulphanilic acid, atoxyl trypar-
samide and oxophenarsine .

The effect of penicillin in syphilis .

The relationship of prontosil and sulphamlamxde

Some clinically important sulphonamxdes

Some substances that protect against expenmcntal
tuberculosis

Dlamlnochphenylsulphone and some of its deriva-
tives useful in the treatment of leprosy

Improvement of a young leper by treatment with
diasone

Some protozoan parasntes responsxble for tropxcal
diseases

Trivalent and pentava]ent antlmony compounds

The chemical ancestry of suramin . ;

Some arsenical compounds used in gambiense sleepm g
sickness and other infections ; ]

Some diamidine compounds

X1

PAGE

96
96
99

101
103

108
112
113
118
128

129
137

142
143
143

147
154
161
162
172
173
177
183
186
193

195
197



Fic.
FI1G.
Fi1G.
FIG.
FiG.
FiG.

F1G.
FIG.

FiG.

45.
46.
47.

49.
50.

51.
52.
53.

LIST OF ILLUSTRATIONS

Some compounds active against Trypanosoma cruzi .

Anti-congolense drugs .

Some drugs used in the treatment of ameebiasis

The three-phase life-cycle of Plasmodium : .

The life-cycle of Plasmodium cynomolgi .

Pre-erythrocytic form of P. falciparum from the
human liver

Actions of some antimalarial drugs on various phases
in the life-cycles of three species infecting man

Some substances synthesized in the programme lead-
ing to proguanil "

The relation of proguaml and pyrlmetharmne
(daraprim) . . E . !

Xiv

PAGE
198
199
202
210
211

213
218
224
225



TABLE

1L

IIT.

Vs

VI

VII.
VIII.

IX.

XVL

XVIL

TABLES

Some terms of the metric system, their common abbre-
viations and their numerical relationship .

The sensitiveness of different species in culture to
ponsonmg by streptomycin .

The activities of five different specws of pemcx]hn
against two different species of microbe

Classification of our knowledge of the chemical treat-
ment of microbial disease

Distribution of the phagocytic cells of the reticulo-
endothelial system

A comparison of the actions of carbolic acid and of
penicillin upon (a) human phagocytes and (b) Staph-
viococcus aureus

The distribution of certain drugs in the body after
administration by various routes . .

Relationship of pantoyl taurine and pantothenate in
the chemotherapy of streptococcal infections of rat
and mouse

Some examples of induced resistance to drugs

Presence and absence of cross-resistance to sulphon-
amides among strains of Str. pyogenes .

The appearance of streptomycin-resistance dunng brief
treatments of some urinary tract infections

Some antibiotics which have healed infections of
animals or man

The antimicrobial spectra of some antibiotics .

Conclusions from the early Oxford work about the
properties of penicillin .

Some biosynthetic penicillins, the specxal nutrients
supplied to the mould in order to obtain them and
some of their antibacterial properties

The relationship between the amount of pemcdlm ad-
ministered daily by intravenous infusion, the result-
ing level of the antibiotic in the blood and the
organisms likely to be poisoned at various levels

Causative organisms and distribution of some spiro-
chatoses

XV

PAGE

14
17
18
26

37
50
67
72
74
80

86
97

110

116

119
138



TABLE

XVIIIL.
XIX.
XX.

XXI.

TABLES

Relative effectiveness of different sulphonamides in
overcoming certain bacterial infections of mice

Relative activities of different sulphonamides against
bacteria in vitro . . : " : .

The action of drugs commonly used in the treatment
of ameebiasis upon Entameba histolytica (a) cultiva-
ted in association with B. col/i and (b) infecting young
rats . T . . C o 5 ¥ 5

The medical uses of drugs destroying different phases
in the life-cycle of Plasmodium . .

xvi

PAGE
164
165

204
215



INTRODUCTION

THE PROBLEM OF “ LEVEL”

Every reader brings to the understanding of a book his own experience
and point of view. Since the trainings, experiences and viewpoints of
his readers may vary greatly, an author has the problem of finding a
“ level ” to suit most of them. At what technical level should he write?
What assumptions should he make about his readers’ technical
knowledge ? X

One answer to such questions is to choose a certain level and keep
to it; but it is not the only answer. Some authors, such as Euclid,
have begun very simply and become more difficult. The present book
is planned so that the level rises as the reader proceeds. The Intro-
duction outlines the ways in which the material will be handled, the
early chapters discuss as simply as possible the general principles of
chemotherapy and the later consider in some detail particular drugs
and diseases.

LIMITS OF THE SUBJECT MATTER

The term chemotherapy applies to the chemical treatment of diseases
caused by parasites or by the multiplication of malignant cells.* The
present book discusses the chemotherapy of parasitic infections, a
branch of science that has grown very fast in recent years. In describing
the features and conditions of its growth, examples are taken from
diseases caused by protozoa, by bacteria (Fig. 1a) and by rickettsias,
but not by parasitic worms or by viruses (Fig. 1b). All the organisms
discussed are therefore microbes, in the sense that we can see them
with the help of a laboratory microscope, but not without it. In
addition to the treatment of microbial infections already established
in the body, their prevention by means of drugs (chemoprophylaxis) is
also discussed.

The substances used in chemotherapy include those synthesised by
chemists, such as sulphanilamide, and those made by other living
organisms, such as quinine by a tree and penicillin by a mould. Both
these types of chemicals are called drugs, a term that does not cover
those substances the body makes in response to infection, which help
to protect it against microbial attack. While substances of this latter
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CHEMOTHERAPY OF INFECTIONS

Fig. [(a)—Electron micrograph of a bacterium, Vibrio metchnikovii, magnified by 40,000,
Note the distinct envelope and the flagellum arising from the inner zone.
(van lterson, W. Biochemica et Biophysica Acta, 1948, |, 527.)
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INTRODUCTION

type, of which antitoxins are an example, are successfully used in the
treatment of some diseases, their use is not conveniently 'm_cluded in
the term chemotherapy. Although in the writer’s opinion these
substances are part of our subject, they will be mentioned only briefly
in the pages that follow.

Another restriction in the scope of the subject matter should be
mentioned. Chemical substances may be used against microbes, either
when these organisms are outside the body, in water, air, excreta etc.,
or, on the other hand, when the microbes are actually living in the

Fig. I(b)—Electron micrograph of vaccinia virus, magnified by 40,000. Note (i) a
slight difference between inner and outer zones, (ii) the granular appearance due to
large protein molecules, and (iii) a chain of large protein molecules apparently
stripped off one virus body.
(Dawson, I. M., and McFarlane, A. S., Nature, Lond., 1948, 161, 464.)

tissues. Generally speaking, the exacting requirements which apply to
substances used against microbes within the body do not apply where
micro-organisms have to be destroyed outside the body in liquids or air.
Consequently, the chemicals used are different, and this book deals only
with chemical substances used against microbes infecting the body
itself.

Even within the limits outlined above, this book omits many interest-
ing substances and important infections. For example, mandelic acid,
which can clear certain infecting bacteria from the urinary tract, is not
mentioned, nor are the disease-causing fungi. An attempt has been
made to include especially those subjects in which important results
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CHEMOTHERAPY OF INFECTIONS

have recently been achieved, those which illustrate the underlying
principles of microbial chemotherapy, and finally, those which show
the historical development of this branch of science.

SCIENTIFIC LITERATURE

The publication of the results of research is essential to scientific
progress, for only published work can be properly confirmed, criticized
and built upon. As science is now being pursued on a large scale,
scientists have become seriously embarrassed, as can be seen from a
leading article in Nature,* by the vast bulk of scientific writing which is
published weekly. All the facts, experiments and views expressed in the
numerous scientific papers printed in the many scientific periodicals
form a stream out of which the individual scientist attempts to fish the
facts and theories which are useful to him, and to which he attempts to
contribute something which will be of use to others. The task of keeping
up with the literature is made lighter by the classification and collection
of abstracts of papers in bulletins, by the publication of articles which
review recent additions to our knowedge and by the publication of fre-
quent new editions of the popular text-books. In the present book, an
attempt is made to refer to the literature along the following lines.
Where possible, when original discoveries are discussed, the papers
which announce them are referred to at the end of each chapter. In
these references the titles of journals are shortened according to the
World List of Scientific Periodicals.*' To refer only to announcements
of original discoveries however, would omit the conclusions gained
by the contrasting experience of many workers on the same subject.
Consequently articles, booklets and books which state the general con-
clusions arrived at by the work of many different scientists are also
referred to at the end of each chapter. As a result, a short list of
selected references is given from which, owing to the size and scope of
the.bodok, very many papers and articles that might be included are
omitted.

THE NAMES OF BACTERIA

The names of genera and species of bacteria are very confused,
because different workers use different names for the same species.
Throughout these pages the names adopted in the third edition of
Topley and Wilson’s Principles of Bacteriology and Immunity* are used.
In addition to the name based on genus and species a common name is
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INTRODUCTION

used for many bacteria important in disease. Thus the microbe Srrepto-
coccus pneumonie is more commonly and conveniently called the
pneumococcus.

THE NAMES OF CHEMICALS

The names of chemical substances are no less and perhaps more con-
fusing than those of microbial species. In the first place a substance
may be known by its full chemical name. A simple example of such
a name is * para-aminobenzoic acid ”, while a less simple example
is provided by the chemical name for vitamin B,, viz.: ** 3-(4"-amino-2'-
methylpyrimidyl-5’ - methyl)-4-methyl- 5- 8- hydroxyethyl - thiazolium
chloride hydrochloride . If a substance is of biological importance,
it should be given a short name, preferably related to its chemical
constitution. Thus vitamin B, is called *‘ aneurine” in this
country (from its curative action on neuritis due to deficiency of the
vitamin) and ‘ thiamine” in the United States (from its salient
chemical characteristics). Such short names as * aneurine * have the
blessing of the British Pharmacopeia,® the official list of substances and
preparations of established therapeutic merit.

In addition to its full chemical name and its official name in the
Pharmacopeia, a commercially important substance may be christened
with numerous trade names. For example para-aminobenzenesulphon-
amide, known in the British and United States Pharmacopeias as
* sulphanilamide  and * sulfanilamide ™ respectively, was reported by
the Medical Research Council® in 1946 to possess the following alterna-
tive names:

“ Ambesid *“ Proseptol

* Colsulanyde * Rubiazol-A ™

* Deseptyl > ““ Stramide

** Lysococcine *“ Streptazol
“P.A.B.S.” ‘“ Streptocide

* Prontalbin ” ** Streptozone ™’

“ Prontosil album * ““ Sulfamidyl ”

““ Prontylin ” * Sulphonamide P ™

“ Proseptine ™’

In the pages that follow, an attempt is made to use the official names
wherever possible. Where a substance does not appear in the Pharma-
copeia or other official volumes, the name given by the worker who
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