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, " PREFACE

The isolation of streptomyein in 1943 and its rapid and extensive adop-
tion for the treatment of various infectious diseases marked a definite
milestone in the history of medical science and practice. Although peni-
¢illin was already well established at that time and was rapidly becoming
an indispensable chemotherapeutic agent, it possessed eertain limitations.
Chief among these were its ineffectiveness against most gram-negative
bacteria and the tubereulosis organism, and the gradual development of
resistance among some of the organisms originally seunsitive to it. The
introduction of streptomycin tended to fill some of these gaps.

But streptomycin alse had serious limitations. It favored rapid develop-
ment of resistance among various sensitive bacteria; it tended to cuuse
certain serious reactions, notably vestibular disturbance and injury to the
‘auditory system. This suggested the desirability of eontinuing the search
for other antibioties with proper tles similar to those of streptomyein but
without its disadvantages.

The sereening program initiated in our laboratory in 1939 for the isvia-
tion of antibiotics from cultures of actinomycetes, which yielded actino-
myein in 1940, streptothricin in 1942, and streptomycin in 1943, was again
resorted to. As a result, several new antibiotics were soon isolated, soine of
which were active against bacteria, sueh as grisein, and others againat
fungi. None of these, however, seemed to be of sufficient interest to deserve
clinical consideration. Finally, in 1949, the isolation of nnomycm was an-
nounced from our laboratory (657).

This antibiotic at first appeared to -be an important new ch-?mothera-
peutic agent that had all the desirable properties of streptomycin, without
its disadvantages. Certain data were presented in 1950 on the effectiveness
of neomycin in experimental tuberculosis. The hope was expressed thai
the clinical results soon to be forthcoming would establish neoniyein as an
ideal chemotherapeutic agent in the treatment of tuberculosis. The new
antibiotic was similar in many respects to streptomyein: it was a basie
compound; it was water-soluble and heat-stable; it was effective against -
a large number of gram-positive, gram-negative, and acid-fast bacteria..
- Resistance seemed to develop more slowly among sensitive hacteria, and °
its antibiotic spectrum appeared to be wider.

=Unfortunately, the clinical evidence, especially in the treatment of -
tuberculosis, was disappointing. When administered paresterally, tieuiny-
¢in had an even more injurious effect on the auditory system than did strep-
tomyein; virtually every patient wlio was saved from tuberculosis becume
~ deaf.

Gradually, however, it became established that. despite this serious Iini-
tation, neomycin would find an important place in human and snimal
therapy. Since it was not readily absorbed from the intestine, it provesl

3
b 4



’

-

vi PREFACE

to be an ideal intestinal antiseptic when administered orally. It was highly
effective against skin and other surface infections caused by various bac-
teria. The very fact that it was at first considered to occupy an unimportant
place among suck major antibiotics as penicillin and streptomyein sug-
gested its use in the treatment, of certain infections where avoidance of
sensitization of the patient to one of the other chemotherapeutic agents was
essential, Its highly desirsble properties were soon recognized; these es-
tablished neomyein among the important antibiotics at the disposal of the
physician in the treatment of numerous infectious diseases. '

In 1953, a preliminary monograph (850} was published summarizing
information concerning the formation, isolation, properties, and practical

utilization of neomyein. Since then, neoinyein has found ever wider use
throug ghout the world. It has proved to be an ideal agent in combination
with other antibiotics and hormones in the treatment of many infections.
New organisms capable of producing necmycin or neomycin-like sub-
stances were soon isolated, and new methods of productlon and isolation
were developed.

This accumulated information necessitated the preparatmn of a new and
more comprehénsive volume on neomyein, This is not to be considered as a
second edition of the earlier work, although some of the information pre-
sented previously has been included. Whereas the earlier monograph sum-
marized primarily the work done in the Department of Microbiology of
Rutgers University, with but few additional cutside contributions, the
present volume is & result of the cooperative effort of a large number of
investigators and clinicians from many different Iaboratories. An attempt
has been made to present in thiz volume s comprehensive summary of the
nature and utilization of neomyein, sccompanied by as complete a bib-
lography of the literature pertaining to neomyecin as could be assembled.
“The literature reference numbers in the following chapters refer to this bib-
liography at the back of the book. Ceriain supplementary references are
included following the individual ehapters. These are references that do
not pertain directly to neomycin, except for a few that were verified too
late to be assembled into the main bibliography. Most of these references
are available in the library of the Institute of Microbiology, from whicle
they can be borrawed, or from which photestatic or microfilm copies can
be purchased.

The editors wish to express thexr sincere appreciation to all those who
contributed the various chapters of this volume, and to the medical diree-
tors of several industrial conipanies manufact\lring neomyein, partieularly
Dr. J. A. Dugger. for their valuable suggestions, They also wish to thank
Herminie B. Kitchen for her eareful reading of the entire manuseript and
for many helpful suggestions.
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- Chapter 1
HISTORICAL BACKGROUND

SELMAN A. WAKSMAN
Institute of Microbiology, Rulgers University, New Brunswick, New Jersey

Neomyecin is a typical antibiotie, that is, it is a chemical substance that
is produced by & microorganism, and in dilute solutien exerts a growth-
inhibiting effect upon other microorganisms. A basic compound, soluble in
water and heat-stable, it is produced by various straina of Streptomyces

_fradiae and is active upon numerous gram-positive, gram-negative, and
acid-fast bacteria. Its activity ranges from 0.01 to more than 10 pg/ml. It
possesses a rather limited toxicity to animals, especially under certain
prescribed conditions. It does not favor rapid development of resistance
among sensitive organisms and shows little, if any, ¢ross-resistance with
other antibiotics used as chemotherapeutic agents.

The isolation of neomycin resulted from a comprehensive screening of
the actinomycetes, which have yielded many important chemotherapeutic
substances during the last 15 years. Although it had been demonstrated
prior to 1940 that actinomycetes possess remarkable growth-inhibiting
effects upon various bacteria and fungi, no pure antibiotic substance had
been isolated from these microorganisms, and the true significance of this
activity was but little understood. In 1940, the first true antibiotic (actino-
mycin} was isolated from a culture of an actinomyecete (81}, thus establish--
ing the importance of actinomycetes as producers of antibioties.

Since 1940, more than 300 antibiotic substances have been isolated from
cultures of actinomycetes. Many of themn have been erystallized and their
chemical natures determined. Nearly 20 of them have already found ap-
plication in the chemotherapy of numerous infections of man and animals.
Most of these are active only upon bacteria; some are active largely upon
fungi; others are active on both bacteria and fungi; some are active also
upon rickettsiae and some of the larger viruses. A few of these antibioties
also exert an effect on malignam cells; unfortunately, none can as yet be
considered 2 true anticancer agent that can safely be used in the treatment
of clinical cases, although some are showing distinet promise.

1



2 ! HISTORICAL BACKGROUND

- As a result of the various sereening programs carried out in numerous
laboratories throughout the world. it has been established that nearly 50
per cent of all actinomycetes isolated from natural substrates, especially
from various seils, ere able to exert a growth-inhibiting effect upon various
microorganisms. The composition of the medium in which the tests are
made is of great importance in this connection. Among different strains of
the same organism there are great variations, both qualitative and quanti-
tative, in antibiotic-producing capacity. Under specific conditions of cul-
ture; some organisis are able to produce only one antibiotic; others give
rise to two or more antibiotics; frequently one is readily excreted into the
medium and the other retained in the mycelium. Occasionally, the differ-
ence smong the antibiotics produced by a single organism, or by different
strains of the same organism, or even by different species, is only a matter
of one or two atoms, a8 in the case of the tetracyclines, the streptomycins,
aud the neomyecins,

This histery of antibiotic production abounds in illustrations of the for-
mation of more than one antibiotic by the same organism. Thus, S. griseus
- is capable of producing not only streptomycin, but also cyclohexamide;
S. rimosus is capable of forming oxytetracyeline and rimocidin. Further-
more, different strains of the same organism are capable of forming differ-
ent antibiotics; this is true, for examiple, of the streptocin-, grisein-, and
eandicidin-producing strains of S. grisgus. On the other hand, the same
antibiotic ecan be formed by different organisms, as in the production of
streptomyein by S. griseus and 8. bikiniensis; this is also true of the peni-
cillin-producing fungi, largely of the Penicillium notatum-chrysogenum
group. ‘

An even more complicated aspect of antibiotic production is the fact
that some antibiotics do not represent a single chemical entity, but occur
either as mixtures of elosely related compounds, or in different forms, when
produced by different organisms. Streptomyein and mannosidostreptomy-
ein, for example, are formed in the same cultures of S. griseus, whereas
hydroxystreptomycin. is formed by another organism (S. griseocarneus).
~ The various forms of actinomyein are produced either by different species
of Streptomyces or by the same organisin at different stages of growth. -

These observations apply equally to the neomycin-producing cultures
of 8. fradiae. Not only are different antibiotics (neomyein and fradicin)
produced by a single strain of this organism, but neomyecin itself is formed
az two chemical entities, which have been designated as B and C. The
various neomyecin-producing cultures also show considerable variations in
their morphological, cultural, physiological, and biochemical properties, as
sweilas in their ability to form the various closely related antibioties. Some
of these cultures are typical strains of S. fradiae. Others vary in cértain
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minor characteristies. Still others are sufficiently different to be considered

as distinet species by one not entirely familiar with the great variability

among cultures of actinomyeetes. : :

" The relative concentration of these two forms of neomyein cannot be -
casily controlled by the selection of neamyein-producing strains and modi-

fications of medium.

Other cultures of S. fradiae, and perhaps other organisms, produce other
forms of neomyecin, which show minor differences in chemical composition
but apparently have similar biological propertics. Some of these forms
have been designated by a variety of names, such as streptothricin B, and

- By, framycetin (Soframycin), and flavomyein. ‘

In view of the extensive antibiotic sereening programs,-it is no wender -

that the sanie antibiotic frequently has been isolated simultaneousty by
djfferent investigators. An antibactcrial agent (novobioein) was isolated
in four different laboratories and deseribed under different names (catho-
mycin, albamyein, cardehaycin, and voleanomyein).

As new and promising antibiotic-produeing organisms are isolated and as
new antibiotics are recognized, a number cf different problems face the
investigator, These may be briefly outlined as follows:

1. Development of suitable media for growth of the pamcular culture
and for production of the antibiotic.

2. Development and isolation of strains giving higher yields than the
ongulal culture.

3. Simplification of the procedures for the isolation and purification of
the active chemical substance.

4. Determination of the pharmacological properties of the new - anti-
biotie, especially its toxicity to experimental animals.

5. Evaluation of the selective activity of the new antibiotic against dif-
ferent disease-producing organisms, and comparison of its effectiveness
with that of known antibioties. :

6. Clinical evaluation of the new antibiotic.

All these require the closest possible collaboration of the microbiologist,
the geneticist, the chemist, the pharmacologist, and the clinician, as well
as the engineer who must develop suitable methods for large-scale produe-
tion of the antibiotic.

Any discussion of the historical backgrouad jeading to the isolation of
a particular antibiotic must take cognizance af oue or all of the following
factors:

Biological origin of the antibiotics. This invelves the problems of bio-
syiithesis. Each of the three major groups of antibictie-produeing organ-
isms has yvielded large numbers of antibiotics, differing in chemical proper-
ties and potential therapeutic applications.
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Among the baeteria, the gram-negative organisms form pyocyanase and
other lipoid substances (pyvo-compounds), eolicines, and a variety of other
substances, none of which has se far found any practical application; the
gram-positive bacteria, largely the aerobic spore-formers, have yielded
a variety of polypeptides, including tyrothricin, bacitracin, polymyxin, and
subtilin.

The filamentous fungi hiave yielded the penicillins, fumagillin, and a
few other compounds of considerably lesser importance; the higher or
mushroom fungi have yielded a number of compounds, such as clitoeybin
and polyporin, none of which has found any practical application; the
yeasts have so far yielded no satisfactory antibiotic.

The actinomycetes produce by far the largest number of effective chemo-
therapeutic agents. The genus Streptomyces has yielded most of these
compounds, including all the important therapeutie substances that are
produced by the actinomycetes. These include the streptomyeins, the
tetracyclines, chloramphenicol, the neomyeins, erythromyein, novebioein,
and many others.

Activity of the antibiotics. Since in this volume we are dealing with an
antibiotic produced by actinomycetes, we will limit this discussion to the
products of this group of organisms:

1. Substances active upon bacteria alone—streptomycin, grisein, neo-
myein, viomyein, novobiocin, and a variety of others.

2. Substances active upon fungi alone—cyeclohexamide, fradicin, nysta-
tin, candicidin, ascosin, candidin, and certain cthers.

3. Substances active upon both bacteria and fungi—thiolutin, strepto-

- thricin, and others. Although it has been said repeatedly that streptomyein

is active only on bacteria, it has recently been shown to be active also on
eertain fungi belonging to the Phycomycetes, some of which cause serious

‘plant diseases,

4. Substances active upon bacteria, rickettsiae, and some of the larger

_ viruses, and which have been dubbed “broad-spectrum” antibiotics—

chloramphenicol, chlortetracycline, oxytetracyeline, and tetracycline.
5. Substances aetive not only upon bacteria or fungi, but also upon

- malignant cells—the actinomycins, azaserine, sarkomyein, carzinophilin,

and several others.
6. Substances active upon the small viruses. Although various prepara-

 tions reputedly have such properties, their exact nature and activity are

still unknown. None has found practical application.

Physical and chemi*al properties of the antibiotics. Antibiotics represent -

a great variety of compeunds, differing greatly in their physical and chemi-

cal properties, composition, and biological activities. The only general
: 5
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statement which can be applied to the chemistry of antibiotics is that they
are organie substances.

Chemieally, antibiotics can be classified by different methods, depending
on the criteria that are chosen. The elementary composition is one bﬂ(!h
criterion. As such we can recognize: - '

1. Antibioti¢s containing carbon, hydrogen, and oxvgen, sueh as elavacin,
penieillic acid, and citrinin, among the produets of fungi; resistomyein and
Afungichromin, produced by actinomyecetes.

2. Antibiotics containing carbon, hydroger, oxygen, and nitregen, in-
cluding actinomycin, streptomyein, and ey¢loserine,

3. Antibicties eontaining suliur, such as thiolutin, cinnamyein, and thio-
myecin, and, of course, penieillin and gliotoxin.

4, Antlbxotlcs containing chlorine, such as chloramphemcol and chior-
tetracyeline.

5. Antibiotics containing metals, such as grisein, which contains iron.

Antibioties can also be classified on the basis of their acidity or basicity.
As such we ean recognize basic substances, such as streptothricin and
streptomycin; neutral substances, siich as chioramphenieol; amphoterie
substances. such as tetracycline; and acidic substances, such as chartreusin,

Antibioties can also be classified on the basis of specific chemienl group-
ingé which are present in their molecule. For example, candicidin and
nystatin contain conjugated double bonds and are polyenic substances.
Myeomyein contains both acetylenic and enic groupings. The actinomyeins
contain polypeptidie chains. The naphthacene nucleus is the basie group
of the tetracyelines. The final chemical classification of antibiotics must
await the elucidation of the structure of most of these compounds.

The great variation in physical properties of the antibiotics reflects
their lack of chemical homiogeneity. Some are very soluble in waler, such
as streptomyein; others can be put into solution only in certain-organie
solvents, such as pure ecandicidin. :

Chemotherapeutic use of the antibioties. This depends on the antimi-
crobial spectrum of the antibiotic, its toxicity to animals, and prior avail-
ability of other agents. It is necessary to emphasize here alse the problem
of the development of resistance to the various antibiotics and of cross-
resistance among them, phenomena that may become of considerable
practical importance-in the case of agents used in therapy.

This, then, is the background that led to the isolation of neomyein,
and these are some of the problerhs that had to be faced in the early
stages of its evaluation as a potential chemotherapeutic agent. In the
17 or 18 years since the science of antibiotics originated, these substances
have revolutionized medical and veterinary practice. They have come
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to oceupy a prominent place in animal feeding, and promise to du for
plant diseases what they have done for animal diseases. As one looks
back over the developments during this brief period, one wonders what
the future holds in store for us.

SUPPLEMENTARY REFERENCE

81. Waksuan, 8. A, ano Woobrurr, H. B, Actinomyces antibioticus, a new soil organ-

ism antagonistic to pathogenic and nonpathogenic bacteria. J. Bacteriol., 42:
231-249, 1941.









