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Preface

The purpose of this book is to present in a succinct, integrated
plan the facts and principles of fundamental and permanent value
relating to antibiotics. Much of this information is now widely scat-
tered in thousands of publications embracing the vast scientific liter-
ature of the subject. Some of it is derived from the authors’ own
researches in this field published over a period of years.

The object has been, first, to give an understanding of the fact
that, in developing chemical therapy by means of antibiotics, man
has merely adapted to his own ends the capacity that certain micro-
organisms possess to wage a war of extermination against other micro~
organisms, and, second, to present a general survey of the principles
involved in the industrial, commercial, pharmaceutical, and medical
aspects of the field of antibiotics.

The advent, about 1942, of the modern era of antlblotlc chemo-
therapy for the treatment of systemic infections unquestionably marks
one of the greatest advances in man’s continuing battle agamst infec-
tious diseases. ‘

In terms of human suffering that has been alleviated, the discovery
of practical means of applying microbial antagonisms for curative
purposes easily ranks with the great contribution of the nineteenth
century, i. e., the introduction of anesthesia in surgery one hundred
years earlier.

In terms of volume, the industrial production of antibiotics outranks
all other medicinals. It has been estimated that in 1948 penicillin and
streptomycin alone accounted for more than one half of manufac-
turers’ income from the sale of synthetic drugs. This figure is especially
impressive when it is realized that penicillin first became available
commercially in 1943 and that streptomycin was not available com-
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vi Preface

mercially until two or three years later. Within the last year three ad-
ditional antibiotics, bacitracin, aureomycin, and chloromycetin have
become available. More will undoubtedly follow.

Penicillin proved to be of immense value in World War II, not
only in humanitarian terms, but also in military terms, because its
use returned to active service many men who otherwise would have
succumbed to infection or would have been permanently disabled.
In the same way, on a larger scale, many other antibiotics are prov-
ing of immense economic as well as humanitarian value in the post-
war era, by reducing periods of hospitalization or of quarantine, and
by rehabilitating many chronic cases. Thus, proper use of antibiotics
lightens the financial burden of public health and welfare agencies.

For this reason, countries not self-sufficient with respect to pro-
duction of antibiotics, find it economically advantageous to spend
their limited supplies of dollars for importation of these agents in
preference to a number of other “essential” commodities. Drug ex-
ports from the United States for 1948 totaled 191 million dollars:
approximately 40 per cent of this sum was spent for antibiotics
(mostly penicillin and streptomycin).

Antibiotics have been used largely for treatment of human patients,
but with increasing production, the cost of penicillin has dropped so
markedly that its wide application in veterinary medicine has become
practicable, resulting in large savings for cattle, dairy, poultry, and
other livestock industries. With time, similar developments may be
expected for other antibiotics.

There is a genuine need for a treatment of the broad principles of
antibiotics and antibiotic chemotherapy sufficiently comprehensive to
satisfy those whose business is concerned with the health sciences but
not so technical as to discourage the interested individual whose major
activities lie in other fields.

The authors modestly hope that the present volume will help to
satisfy this need by filling the gap between the necessarily brief popular
accounts on the one hand and the technical accounts intended for
specialists on the other hand.
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Since the aim of this book has been to achieve an integrati(')n of
pertinent facts and principles in a coherent picture, no attempt has
been made to cite exhaustively all of the extensive literature pertain-
ing to the several aspects of the subject, but all important critical
review papers are listed, as are the principal scientific articles of his-
torical interest. :

ROBERTSON PRATT
JEAN DUFRENOY

It is with deep appreciation that we acknowiedge the services of
Louise Noack Gray, who designed the cover of this book, and the
ceaseless secretarial and proofreading labors of my wife, Jean, and
my mother. ' ‘R. P.

University of California
College of Pharmacy
San Francisco, California
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183, 185, 186, 188, 199, 239
discrimination between strepto-
mycin sensitive and resistant
strains, 146
PAS retards development of re-
" sistance, 142
Myecocidin, 187
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Mycoin C, 187 Penicillin (Continued)
Mycomycin, 185 A, 188

Mycophenolic acid, 180, 187
Mycosubtilin, 183, 189

Neisseria catarrhalis, 192
gonorrhea, 82, 83, 85, 93, 192
intracellularis, 83
Neomycin, 185, 199-200
Nicin, 183
NrirTL F., 54
Nocardia acidophilus, 185
cocliaca, 185
Nocardin, 185
Norvaline, in biosynthesis of penicillin,
72
Notatin, 187
Nucleotides, in mechanism of antibi-
otic action, 214, 218-221,
227-229

Oils, as vehicle for antibiotics, 110
in penicillin biosynthesis, 73-75
Oxidation-reduction, threshold for,222

as means of assaying penicillin, 223
Oxphenazine, 183

PAB. See Benzoic acid, p-amino
“Paper-disk™ method of assay, 47-48
Paramecin, 189
Paramecium aurelia, 189
Parasiticin, 180
Parasitism, 9, 187
origin of, 57
PAS. See Salicylic acid, p-amino
PASTEUR, L., 1, 3, 8, 27, 241
Pasteurella pestis, 132, 140, 195
multocida, 83,170
Patulin, 179, 188,200
Pectin, for delaying absorption of anti-
biotics, 109
Pelargonic acid, 203
Penatin, 188
Penicidin, 188
Penicillamine, 70, 78
Penicillic acid, 188
Penicillin, 31, 55, 61-118, 188, 207-
224, 226, 229

absorption, factors influencing, 98
retardation of, 107-112
action of, prolonging, 109-116
by pharmaceutical means, 109-
112

by physiological means, 112-116
administration, continuous vs. dis-
continuous, 103-104, 117
routes of, 98-112
amorphous, enhancing factors in, 92
vs. crystalline, 75, 79-80, 89-90,
. 9496
n-amyl, 63-64, 73
antagonists of, 88,206
antibiotic spectrum of, 62, 82-86,
93, 95, 98, 225
assay of, 42-49, 223
B, 188
benzyl, 63-64, 73-74, 78, 90, 93,
102, 104-106, 112, 128, 129
p-hydroxy—, 62-64, 73-77, 92,
93, 96, 104, 106
biosynthesis of, 62, 64-75, 95
pathways of, 70
precursors for, 62, 68-69,72-75,95
yield from different strains of
Penicillium, 32-34, 65-69,
73, 94, 96
blood levels of, following different
methods of administration,
97-116
chemistry of, 62-64, 69-74, 78-79,
87,120
chemotherapeutic use of, 28, 97-117
comparison of different types, 63-64,
' 93

crystalline vs. amorphous, 75, 79-
80, 89-90, 94-96

cytochemical effects of on bacteria,
211-224

dihydro F. See Penicillin, n-amyl

dosage of, 84-85, 103

enhancing factors, 75, 87, 89-92, 95

excretion of, 62, 98-109, 112

methods of delaying, 112-116
extraction of, 75-77, 87



Index 251

Penicillin (Continued)
F. See Penicillin, A2 pentenyl
G. See Penicillin, benzyl
heptyl, 63-64, 73, 90, 94-95, 104-
106

infections in which indicated, 98
K. See Penicillin, heptyl
mechanism of action, 208-224
contrasted with streptomycin,
225-229
A2 pentenyl (F), 63-64, 73, 93, 95,
105 i

A3 pentenyl (flavicidin), 63-64, 73
pharmaceutical forms
aerosols, 107-109
aqueous solutions, 98-106
insoluble salts, 109-112
suspensions, 109-112
purification of, 75-77
resistant organisms, 82-86, 88 -
lower metabolism of, 88, 92
salts of, 64, 75-76, 78, 104, 111-112
stability of, 76-81, 87, 105-106, 206
synergists, 89, 223
toxicity of, 28, 52, 82, 107, 110,
116-117,229
unit, defined, 44, 128
X. See Penicillin, para-hydroxy ben-
zyl
Penicillinase, 79, 88-89, 107
Penicillincrustocin, 188
Penicillium, biosynthetic aptitude of
different species, 68, 73, 94
antibiotics from, 62, 186-188
aurantu-virens, 188
brevi-compactum, 187
claviforme, 179, 187
chrysogenum, 32, 62, 65, 75, 94, 96
expansum, 179
gladioli, 187
janczewskii, 186
notatum, 32, 62, 65, 93, 96, 187,
239 o
patulum, 179
puberulum, 188
spinulosum, 188
tardum, 188
terrestre, 188

Penicilloic acid, 78
Penillic acid, 78
Pertussis, polymixin therapy of, 170
Phage. See Actinophage
Phenaceturic acid, 68 ‘
Phenolphthalein phosphate, reagent
for phosphatase, 221, 227
Phenylacetic acid, 65, 68, 73-75, 90,
' 95,237
Phosphatases, effect of penicillin on,
211,219-221 ‘
Phosphates, as stabilizers for penicillin,
80-81 .
effect of on streptomycin assay, 137
Phthiocol, 183
Phycomyces factor, 188
Phytopathology, use of antibiotics in,
194, 197, 200, 202, 240
Phytomonas solanacearum, 202
tumefaciens, 240
Phytophthora sp., 188
Plague, bubonic and pneumonic, 4,
140
Pleuroteus griseus, 188
Pleurotin, 188
Plumbagin, 202
Pneumonia, penicillin in, 84, 104
Polymyxins, 31, 55, 83, 167-171, 183
amino acid content of, 170
antibiotic spectrum, 168-169
assay of, 169
chemistry of, 169-170.
dosage, 170
toxicity of, 168
unit, defined, 169
Polyporin, 188
Polyporus biformis, 186
Polystictus sanguinensis, 188
Population, microbial compared with
human, 1, 12, 17
Potassium iodide, used conjointly
with streptomycin, 141
. in penicillin biosynthesis,
64, 66-68
penicillinate, 64
Potency, molar comparison of penicil-
lin and streptomycin, 129
PratT, R, 1, 8, 12, 25, 118, 233
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Precursors, 39
as enhancing factors, 90
in penicillin biosynthesis, 62, 65,
68, 72-75,95
in streptomycin biosynthesis, 125
Proactinomyces cyaneus, 185
Procaine penicillin, 64, 111-112
Prodigiosin, 183
Proline, in streptomycin biosynthesis,
125-126 .
Promin, in streptomycin chemother-
apy, 141
Promizole, in streptomycin chemother-
apy, 141
Prontosil, 28, 237
Prophylaxis vs. chemotherapy, 29
Proteus vulgaris, 83, 132, 136, 140,
214
Pseudomonas aeruginosa (Ps. pyo-
cyanea), 4, 83, 132, 135,
136, 140, 144, 168, 170, 183
antibiotics from, 195
chlororaphis, 182
Psittacosis, 82, 151, 155, 163
Puberulic acid, 188
Puberulonic acid, 188
Pyo compounds, 183
Pyocyanase, 4, 183, 195
Pyocyanin, 183
Pyolipic acid, 183
Pyrogens, separation by -electrodial-
: ysis, 41
test for, 52
Pyruvates, effect of on streptomycin
assay, 137
Pyruvic acid, interaction with strepto-
mycin, 137
Pythium sp., 188

Q-fever, 155,162
Quinine, 27, 201

RamoN, G., 90,118

Raphanin, 202

Raphanus sativus, 202

Redox indicators, in assays of anti-
biotics, 221-223

- Relapsing fever, 155

Renal blocking agents, for delaying ex-
cretion of antibiotics, 112-116
Replacement therapy, 3-4
Resistance of pathogens, development
of, 142-146, 230-233
induced by streptomycin, 142-146
effect of PAS on, 141-142
induced by sulfonamides, 4, 28
relation to alternative metabolic
pathways, 58-59
RicueT, C,, 23,25
Ricnou, R., 90,118
Rickettsia, 82, 83, 151, 156, 185
nipponica, 153
prowazekii, 153
rickettsi, 155
tsutsugamushi, 153
Ringworm, 203
RirT™MAN, G.E., 110
Rocky Mountain fever, 155, 161
RoMaNsky, M. J., 110
Roques, H., 153, 166
Rubber, inactivation of penicillin by,
79
“Run-down” of antibiotic-producing
organisms, 35, 124
Rutin, masks activity of tomatine
(lycopersicin), 202-

Saccharomyces cerevisiae, 210
Salicylic acid, p-amino, in streptomy-
- cin therapy, 141
Salmonella enteritidis, 83, 132
paratyphii, 83,132
schotmiilleri, 132, 152, 168, 200
“Salt effect,” in assay of streptomycin,
137-138, 228
Salvarsan, 236
Sambucinin, 188
Sarcina lutea, 91, 184
Sarcoma, inhibition of by amorphous
penicillin, 89, 201, 240
ScHATZ, A, 150
Serial dilution assay, 43-45, 48-49
compared with cylinder-plate assay,
45-46
Serine, nephrotoxic factor in poly-

myxin, 168
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Serine (Continued)
glutathione as antagonist of, 215
in penicillin biosynthesis, 70, 72
Serratia marcescens, 83
Shigella dysenteriae, 83, 140, 168
paradysenteriae, 83, 132, 152
Sigmoid curve, significance of, 14
artificial modification of, 18
Simplexin, 183
Sinusitis, aureomycin in treatment of,
164
SMmrty, E. L., 80,118
“Social” physics, 12, 25
Sodium benzoate with oral penicillin,
107 :

nitrate in penicillin biosynthesis, 65-

68
penicillinate, 64, 111
phosphate in stabilizing penicillin,
80-81
sulfanilate with oral penicillin, 107
Soil, organisms in, 10-11, 119, 152,
156,167,173
Soy bean, in biosynthesis of antibiotics,
125,168,190
molded curd of, as source of anti-
biotics, 2
Spectrum. See Antibiotics, biologic
spectrum
Spinulosin, 188
Stansry, P. G., 167, 171
Staphylococcus albus, 83
aureus, as test organism, 44, 46, 128,
190, 192, 209, 214
sensitivity to antibiotics, 83, 91,
93, 94, 133, 135, 163, 200
mitis, 184
Stereum hirsutum, 187
Sterility, need for in production of
antibiotics, 37-38, 42
Stenhty tests, 49, 89
STEWART, J. Q., 12,25
Streptamine, 130
Streptidine, 120-121, 130
Streptin, 185
Streptobiosamine, 120-121, 126, 130
Streptocin, 185, 196

Streptococcus agalactiae, 183
faecalis, 83, 156, 175
hemolyticus, 90
lactis, 183
pyogenes, 83, 93, 133, 158
salivarius, 83
Streptokinase, 146
Streptolysin, 117
Streptomyces, antibiotics from, 120
151. See also Actinomyces
albus, 184
aureofaciens, 156, 185
bikiniensis, 123, 185
fradiae, 185,200 -
griseus, 124, 184, 185, 196, 240
lavendulae, 185,197
venezuelae, 152, 185
Streptomycin, 5, 11, 31, 55, 83, 86,
92, 119-150, 185, 207
absorption of, 139, 146-177
anaphylactic reactions to, 122, 125,
148
antagonists of, 130-131, 135, 137
antibiotic spectrum of, 120, 131-
138,140,225
factors influencing, 131, 139
assay of, 126-127, 137 .
B, 123,185
biosynthesis of, 124-126
blood levels, 146-147
calcium chloride complex, 122, 126
chemistry of, 120-123
chemotherapeutic use of, 139-150
cytochemical effects of, 226-229
dependent organisms, 130, 134

dihydrostreptomycin, 122, 127, 131  °*

150, 185
" discovery of, 120
dosage, 141, 143-145, 147-150
excretion, 146-147, 149. '
extraction of, 126
inactivators, 130-131
indifferent orgamsms, 143
infections in which mdlcated 140-
' 142
joint use, with penicillin, 87, 91
with sulfonamides, 87 -
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Streptomycin (Continued)
mechanism of action, 138-139, 224-
229
contrasted with penicillin, 226,
229
precursors for, 125
residual form, 123-124
resistant strains, 133-134, 136, 139,
140, 142-146, 227, 229-233
“salt” effect, 137-138, 228
salts, 121,127
sensitive organisms, 132, 142
stability of, 129-131
synergists, 91
tolerant organisms, 142
toxicity of, 120-122, 125, 131, 140-
141, 147-150, 198, 229
antidotes for, 148
unit, defined, 127-129
11, 123, 185
Streptose, 120-121
Streptothricin, 185, 197-199
antibiotic activity, 185, 197
toxicity, 198
Subtenolin, 183, 189
Subtilin, 12, 83, 183, 189, 192-194
antibiotic spectrum, 192-193
as a seed disinfectant, 194
resistant strains, 193
stability of, 192
toxicity of, 193
unit defined, 192
Subtiline, 183, 189
Subtilyne, 183, 189
Subtilysin, 183, 189
-SH. See Sulfhydryl
Sulfactin, 185
Sulfates, effect of on streptomycin
assay, 137
" Sulfetrone, in streptomycin chemo-
therapy, 142
Sulfhydryl groups, detection on assay
‘plates, 211,216
in antibiotic molecule, 68-71
importance in antibiotic action, 59,
- 210-212, 214-217
in penicillin biosynthesis, 72

Sulfite waste liquor, in penicillin bio-
synthesis, 68

Sulfonamides, 5, 28, 94, 139

effect of number of organisms on

action of, 87

SurLrvan, N. F,, 111, 118

Symbiosis, 9

Synergism. See under specific anti-
biotic

Synergists, 89, 91-92, 139, 165. See
also under specific antibiotic

Syphilis, 27, 82, 89, 147

Tardin, 188
Tartrates, effect of on streptomycin
assay, 137
TAYLOR, E. S.,233
Testing, 32, 42
potency, 42-48
pyrogen, 52,53
sterility, 49-51, 89
toxicity, 51-52
Tetanus, 10
Thiols, inactivation of antibiotics by,
206
Tomatin, 202
Tomatine, 202
Toxicity. See specific antibiotic; also
Testing
TREFOUEL, J., 54
Treponema pallidum, 89, 93, 193
Trichoderma lignorum, 187
viride, 188
Trichomonas vaginalis, 185, 196
Trichothecin, 188, 200
Trichothecium roseum, 188
2,3,5-Triphenyltetrazolium chloride,
as test reagent, 216, 221
Trombicula akamushi, 153
deliensis, 153 :
Trypan blue, as test for mononucleo-
tides, 225-227
Trypanotoxin, 184, 189
Tuberculosis, 4, 86, 119, 131, 140,
144,238
Tularemia, 140, 146
Turbidimetric assays, 44, 49
TyNDALL, J.. 3.8
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Typhoid fever, 10, 163

Typhus, 151, 153

Tyrocidin, 174-178, 184, 206, 237
mechanism of action, 229-230

Tyrothricin, 51, 55, 169, 173-178, 184,

207

antibiotic spectrum of, 173, 177
biosynthesis of, 173-174
chemistry of, 175-177
mechanism of action, 229-230
toxicity, 5, 51, 177-178

Tyrothrix sp., 173

Ultra violet radiation, use of to pro-
duce mutants, 33, 156
Umbellularia californica, 202
Undulant fever, 10, 140, 155
Unit, principles for basis for com-
parison of antibiotics, 126-
129
defined, for bacitracin, 190
penicillin, 44
polymyxin, 169
streptomycin, 127
subtilin, 192
Urea, inhibits streptomycin, 139
Urginea maritima, use of in typhus,
153 :
Urethritis, 163
Usnic acid, 189,239
Ustin, 188

Valine, precursor in penicillin bio-
synthesis, 70, 72

Vasoconstrictors, use of to prolong
penicillin action, 109, 112

Vehicles. See under specific antibiotic -

Venturia inaequalis, 200

Vibrio cholerae, 83

Vinyl pyrrolidine, as vehicle for anti-
biotics, 110

Violacein, 184

Viridin, 188, 200

Vitamin By, 240

K;, 90,229
VUILLEMIN, P., 1

WaKSMaAN, S. A, §, 8, 11, 120, 150,
203 :

WEINDLING, R., 11,25

WEINTRAUB, R. L., 4, 8

WEerss, E., 151,156 °

WERKMAN, C.H,, 233

‘Whooping cough, 170

X-ray, use of to produce mutants, 33
Xanthomycin, 185

Yeast, autolysate of in streptomycin
biosynthesis, 125

Zinc, in corn steep liquor, 72
inactivates penicillin, 79
in penicillin biosynthesis, 64, 68, 72
Zone of inhibition, 20-22, 226, 227



