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PREFACE

IT sEEMS TO have become customary, in launching a new periodical or
set of volumes in the field of medical research and its ancillary sciences,
to adopt a faintly apologetic and deprecatory attitude; and it is particu-
larly fitting to do so in the present case, which may be thought rather
novel and ambitious both in plan and in objectives and which at best
can hardly establish the general usefulness we hope for until several
volumes have been distributed.

This series is to be devoted to methods and techniques, and there are
four main reasons for our conclusion that such a series may be useful.
In the first place, while the results of investigations are constantly subject
to critical review, it is not usually easy to find anywhere an appraisal
and discussion of the various methods that may have been proposed for
the solution of some experimental problem. In the second place, it is
becoming difficult, especially in physiology, to obtain publication of a
paper dealing solely with a technique or even to include an adequate
description of the technique in a paper describing the results obtained.
* Third, it frequently happens that a method is modified and improved in
continued use, either in the laboratory whence it originated or elsewhere;
such useful modifications find their way into print, if at ali, only as brief
and scattered indications and are to a great extent diffused by the un-
certain process of personal communication. Fourth, many methods
developed during the war have been described only in official reports.

Each volume will be divided into four or five principal, self-contained
sections, each of which shall, for that volume, represent one of the broad
fields of medical research: biochemistry, physiology and pharmacology,
microbiology and immunology, and biophysies including radiobiology.
Within each of these broad fields we shall try, year by year, to select
narrower topics wherein a restatement of techniques seems timely. For
example, the following topics have been considered among many others
for inclusion in forthcoming volumes: methods related to acetylcholine;
assay of hormones and their excretion products in urine: experimental
surgery of the autonomic system; techniques of histochemistry; paper
chromatography; design and use of stimulators; methods in the study
of pulmonary function; methods in the study of bacterial viruses; and
so forth.

When the topics have been selected, we shall try to find experts, like
those who have so signally contributed to this first volume, willing to
act as associate editors for their assigned topic for the year. The re-
sponsibilities of the associate editor are by no means light: it is for him
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to select, within the topic and the space assigned, the methods most
worthy of description and ‘the contributors best fitted to describe.
Obviously the methods most suitable for description in this form are
those which are of wide actual or potential application and which have
not been published in full or have been usefully modified since publica-
tion; obviously, too, the inclusion of a method stamps it as being con-
venient and reliable in the associate editor’s expert estimation, but it
does not conversely follow that omitted methods are of lesser value.
The associate editor may also send each contribution to another experi-
enced investigator for comment and review.

As members of the Governing Board, we are very conscious of the
lightness of our own responsibilities in comparison with those of the
associate editors and, still more, those of our Dr. V. R. Potter, who, to
our great satisfaction, agreed to assume the further ungrateful task of
acting as Editor-in-Chief for the year, charged among other things with
the duty of distributing space among the sections. Any walues which
this volume may have must be credited to the editors, the contributors
and the referees, rather than to us. It remains for us merely to select
topics and to try to find equally competent and conscien tious editors
for the next volume and its successors. To this end we should most
gratefully receive and consider any suggestions that readers may care
to send us.

Irvine H. PaGe

A. C.Ivy

CoriNn M. MacLeop
CarL F. ScaMipT
EvuGeNE A. STEAD
Davip L. THOMSON



CONTRIBUTORS AND REVIEWERS

ABELL, RICHARD G., M.A., Ph.D,,
M.D :

Intern, Bryn Mawr Hospital, Bryn Mawr,
Pa.;  formerly Assistant Professor of
Anatomy, University of Pennsylvania School
of Medicine, Philadelphia.

ABRAMSON, DAVID 1., M.D, .
Clinical Assistant Pyofessor, Depariment of
Medicine, University of Illinois College of
Medicine; Associate ending Physician,
Miichael Reese Hospital, Chicago.

AHLQUIST, RAYMOND P,, M.S., Ph.D.
Associale Professor of Pharmacology, Uni-
versilty of Georgia ,School of ﬂaﬁcim,
Augusta.

ALEXANDER, R. S., M.A., Ph.D.
Assistant Professor of Physiology, Western
Reserve University School of Medicine,
Clevsland. .

BAZETT, H. C.,, M.A., M.D,, F.R.C.S.
(Eng.), D.Se. 3
Professor of Physiology, University. of
Pe;nzquluunia School of Medicine, Phila-
phia.

BENNETT, H. STANLEY, M.D.
Assistant Professor of Cytology, Department
of Biology, Massachusetts Institute of Tech-
nology, Cambridye, Mass.

BRADLEY, STANLEY E., M.D.

. Assisiant Professor of Medicine, Columbia
University College of Physicians and Sur-
geons; . Assistani  Atlending Physician,
Presbyterian Hospital, New York City.

BRUNER, H. D., M.8., M.D., Ph.D.
Depariment of Pharmacalog};, University of
Pennsylvania School of Medicine, Phila-
delphia. Present address: Professor of
Pharmacology, University of North Carolina,
.Chapel Hill,

BURCH, GEORGE E., M.D.

Professor and Chairman of Department of
edicine, Tulane Universily School af

Medicine and Charity Hospital, New Or-
£ans. ‘ s

BURTON; ALAN C., M.A., Ph.D, :
Associate Professor })f, Biophysics, Departe
ment of ical” Research, University of

Western Ontario, London, Ontario, Canada.

CHAMBERLAIN, W. EDWARD, M.D.
Professor of Radiology, Templs University
School of Medicine, Philadelphia.

COURNAND, ANDRE F., M.D.
Cardio-Pulmonary Laboratory, Chest Service,
Bellevue Hospital, Cohungi
Division; Associate Pro{uwr of ‘Medicine,
Columbia Universily College of Physicians
and Surgeons, New York Cily.

ESSEX, HIRAM E., M.S., Ph.D.
Division of Ezperimental Medicine, Mayo

oundation, Rochester, Minn.; Professor of
Physiology, Graduate Schoel, University of
‘Minnesola, Minneapolis.

a Universily

FIELD, JOHN, 2d, A.M., Ph.D.
I:‘rofeasoq of Physiology, Stanford Univer-
sity, A :

GOLDBLATT, HARRY, M.D.
Cedars of Lebanon Hospital, Los Angeles.

GREEN, ARDA ALDEN, M.D.
Cleveland Clinic Foundation, Clevcland.

GREEN, HAROLD. D., M.D. "%
Professor of Phi.}iology and_Pharmacology,
A tate in: dici Bowman Gray
School of Medicine of Wake Forest College,
Winston-Salem, N. C.

GREGG, DONALD E., M.S., Ph.D., M.D.
Chief Research Physician, Medical Depart-
’,r%ent Field Research Laboratory, Fort Knox,

Y. SR

GROSSMAN, M. 1., Ph.D., M.D.
Associates $Professor of Clinical - Science.
Universily &f Illinois College of Medicined
Chicago. 5 = ¥

GUNTER, M.,:Ph.D., M.D.

Research, Fellow, Department: of Clinical
Science, Unsversity of Illinois College of
Medicine, Chicago. ; :

HERTZMAN, ALRICK B.; Ph.D.
Professor and Director of Department of
Physiology, St. Louis University School of
Medicine, St. Louis. k

INGELFINGER, FRANZ J., M.D.
Department of Clinical Research and Pre-
ventive Medicine, Robert - Dawson Evans
Memorial, Massachusetts Memorial Hos-
pitals, Boston.

"IVY, A. C,, Ph.D., M.D., D.Se.

Vice President in Gharge of Chicago Pro-
fessional “Colleges and - Distinguished Pro-
Jessor of Physiology, University of Illinois
College of Medicine, Chicago.

JOCHIM, KENNETH E., Ph.D.
Professor of Physiology, University of
Kansas, Lawrence.

KATZ, LOUIS N., AM., M.D.
Director of Cardiovascular Research, Michael
Reese Hospital; Professorial Lecturer in
Phya'iolqw, University of Chicago, Chicago.

KETY, SE¥MOUR 8., M.D.
Professor of Clinical Physiology, Graduate
School of Medicine, University of Penn-
sylvania, Philadelphia.

LANDIS, EUGENE M., Ph.D., M.D.
** George Higginson Professor of Physiology,
Harvard Medical School, Boston.

LePAGE, G. A., M.Sc., Ph.D.
Assistant Professor of Oncology, McArdle
Memorial Laboratory, The Medical School,
Undversity of Wisconsin, Madison.

LITTLE, J. MAXWELL, M.S,, Ph.D.
Associate Professor of DPhysiology and .
Pharmacology, Bowman Gray School of
Medicine of Wake Forest College, Winston~
Salem, N. C. E



vi CONTRIBUTORS AND REVIEWERS

LITTMAN, A., M.D.
Research Fellow, - Department of Clinical
Science, University of Ilinois College of
Medicine, Chicago.

MORGAN, RUSSELL H., M.D..
Professor of Roentgenology, Johns Hopkins
University School of Medicine, Baliimore.

OPPENMEIMER, M. J., Ed.M., M.D.
Professor and Head of Department of
Physiology, Temple Unriversity School of
Medicine, Philadelphia.

PAGE, IRVINE H., M.D.
- Director of Research Division, Cleveland
Clinic Foundation, Cleveland.

PAPPENHEIMER, JOHN R., Ph.D.
A iate in Physiology, Harvard Medical
School, Boston.

POTTER, VAN R., M.S., Ph.D.
Professor of Oncology, McArdle Memorial
Laboratory, The Medical School, University
of Wisconsin, Madison. 3

RALSTON, H., B.A.
Research Assistant, Department of Clinical
Science, Uniwversity of Illinois College of
Medicine, Chicago.

RAPELA, CARLOS E., M.D.
Rockefeller Fellow at Bowman Gray School
of Medicine of Wake Forest College, Win-
ston-Salem, N. C.; on leave of absence from
Instituto de Biologia Medicina experi-
tal, B .,Al‘rea,z. tina.
ROBBIE, W. A., Ph.D.
Research Associate Professor of Ophihal-
mology and Physiology, Department of
Ophthalmology, University Hospitals, State
University of Iowa, Iowa City.
SCHMIDT, CARL F., M.D.
Professor of Pharmacology,. University of

Pennsylvania School of Medicine, Phila-
delphia.

SELKURT, EWALD E., Ph.D.
Assistant Professor of Physiology, Wasiern
Reserve University Sehool of Medicine,
Cleveland. -

SHIPLEY, ROBERT E., M.D.

Lt'lly Laboratory for Clinical Research, .
5”; lis General Hospital, Indi. lis,

SMITH, HOMER W., Sc.D., M.S. (Hon.)
Professor of Physiology, New York Univer«
sity College of Medicine, New York City.

STONE, WILLIAM E., Ph.D.
Aut‘daa?z , Professor of Physiology, The
edical School, University of Wisconsin,

. Madison.

WARREN, JAMES V., M.D.
Pl:o.fuclqr and gead ofa Dfspoirtov;wr;t ;{ ;.hx_ui-
[ A & 0 »
Al&” “é’:_‘.' naversity Sci o icine,

WELCH, HENRY, PhL.D.
Chief, Division of Penicillin Control and
Immunology, Food and Drug Administra-
lé'oné Federal Security Agency, Washington,

WIGGERS, CARL J., M.D., Sc.D. (Hon.)
Professor and Director of Department of
Phyu'ob%y, Western Reserve Univeraity
Medical School, Cleveland. :

WISE, CHARLES 8., M.D.

Associate Professor of Physical Medicine,
George Washington University School of
Medicine; Director of Department of Physi-'
cal Medicine, George Washington University
“Hospital, Washington, D. C.

WOOD, HARLAND G., Ph.D.

Professor of Biochemistry, Western Reserve
Unaversity School of Medicine, Cleveland.

ZWEIFACH, BENJAMIN W., Ph.D.
Department of Medicine, Cornell Univetgity
Medical College, and New York Hospital,
New York City.



TABLE OF CONTENTS

SECTION L. Assay of Antibiotics

ASSOCIATE EDITOR, Henry Welch

T RS S PR R N T T e e
Assay of Penicillin Potency
A. Biologic Methods
1. Commercial Preparations
Cylinder-Plate Assay .............. e

Rapid Determmatlon of Susceptibility to Penicillin and Stxepto—
I L S e O e S e T e e s i

Differential Assay Procedures . . . . . . . . . . . .. ..
Three-Hour Cylinder-Plate Assay . . . . . . ... ... i
Turbidimetrie T N i R S e e S e

2= Bodyhndsiessstue B mg to i wan e S T
Cup-Plate Assay of Penicillin Concentrations in Plasma—s. lutea
Serjal Dilution in Body Fluids—B. BUDBTB e = e
Serial Dilution in Body Fluids—B. subtilis Reductase Method .
Serial Dilution in Body Fluids—Hemolytic Streptococei .

Serial Dilution in Body Fluids— Hemolytic Streptococci (Phenol
RodFByotlas M2 S i, o e B A S s T e

Serial Dilution in Body Fluids—Hemolytic Streptococei (Capil-
| T e et A R e BT

. B. Chemical and Physical Methods ’
Colorimetiic Method—Penicillin Powder . . . .. . . . .. ..
Colorimetric Method—Penicillin Broth . . . . . . . . . .. . .
Alkalimetrie Method . - - /o: o Sy L oo ws
Alkalimetric Method Using Hydrogen Peroxide . . . . . . . . .

Titration by Iodometric Method . . . . . . . . . e A '

Titration Using Penicillinase . . . . .. .. e R N
EluorometriciMethad =3, o5 S AT S0 s e

13
14
15

24

25

28
29



viii TABLE OF COCNTENTS
Polariscopic Method . . . . . . .. .. .. .. oy o e L

Penicillin G——N—ethyl Bipending . foitrubtin S i g S :

Penicillin G—Spectrophotametnc Method iz tr i = o a'sw s
Peniefllin X5l @i 00s Foawi dnmiialicn R e B

FeniciinvlKe i &=t S 6 ........

Assay of Streptomycin Potency
A. Biologic Methods L5 At
Cylinder-Plate Assay . .. . .., ... e S S ot B v
Turbidimetric Method . . . . . . . SLSal P FRACt BiRse L
Serial Dilution—K. pneumoniae . . . . . . . . . . R SR n
Plate Assay—Staph. aureus'. . . . . . .., . .. ... ...
Serial Dilution in Body Fluids—B. circulans . . . , . . St i
Serial Dilution in Body Fluids—Staph. aureus . . . . . . . . . .
Titration in Blood Serum—Klebsiella. . . . . . . . . . . . . .
B. Chemical Methods SLTe
Colorimetric Method—Maltol . . . . ' R L S R
Colonmetnc Method—Oxidized Nitroprusside . . . . . . .. .
Chemical Assay -of Body: Bhiida:, & e =00 SR FEis e T,
Assay of Tyrothncm Potency: Biologic Method . . . . . . AT
Supplementary:Method. 2 ok s S S ol st
Assay of Bacitracin Potency: Blologlc Methodﬁ i
Plate Assay . . . . . . R L R RS
Turbidimetric Method . . + . . .. . . . .. .. e e
Pyrogen Tests for Penicillin and Streptomycm ....... s
Toxxclty Safety Tosts for Penicillin and Streptoms,cm e R
%euhty of Sample ...................... CEh

SECTION IL Circulation—Blood’Flow Measurement

ASSOCIATE EDITOR, HaroldD Green

Batroduction... ... o, ol e e S b S e
Venous Drainage Recm ders o e S e e Lo
I. Slope or Integrating Recorders, by Harold D. Green: . . . . .

II. Direct Reading Rate of Flow Meters, by Harold D. Green .
III. Drop Recorders, by Harold D. Green . . . . . . .. ..
IV. Return Flow Pumps, by Harold D. Green . . ... . . . . . .
V. Strain Gauge, by R. S. Alexander . . . . . . .. . . . . .

53

54

55
57
58

60
61
62
63
63
64



: TABLE OF CONTENTS A iX
Mean Flow:Recorderg. v 07 vo0 -0 % S B cieina i RIATRC 78

~ I. Ludwig Type Stromuhrs, by Harold D. Green . . . . . . .. 78
1I. Moving Piston Meters, by Harold D. Green . . . . . . e S
III. Bubble Flow Meter, by H. D. Bruner (comment by Hiram E
O e e e e e S e 80
IV. Thermostromuhr, by Donald E. Gregg (comment by Carl F.
Sehmidt) = & =S Rt o N PO R i P T 89
V. Rotameter, by R. E. Shipley (comment by Raymond P. Ahlquist) . 96
Pulsatile Plow Meters:t 5 ool 0eB B o e e R SR - 101
:1. Differential Pressure Flow Meters, by Harold D. Green . . . . 101
II. Air Expansion Systems, by Harold D. Green. . . . . . . S i
HI. Electromagnetic Flow Meter, by Kenneth E. Jochim . . . . . 108
1V. Miscellaneous Pulsatile Flow Meters, by Harold D. Green . . . 116
V. General Comments on Apparatus for Direct Blood Flow Regis-
tration, by Harold D. Green , . . . . . .. .. % « o0 ooa 116
PorfiRion DYSTeDIBL 55 s oot s e tw, o 0 aupa o 10 i s unetas e b -119
I. Perfusion Systems for Use with Isolated Organs or Regions of the
Body, by Harold D.Green . . . . .. ... ...... 119
II. Perfusion of Rabbit’s Ear for Study of Vasoconstrictor Sub-
stances, by Irvine H. Page and Arda Alden Green . . . . . 123
I1I. Lawen-Trendelenburg Preparation for Perfusion of Hindleg of = -
Toad, by Carlos B.:Rapela: . ‘. ... Jw'c o7 on NSRS O
Indirect Methods for Regional Blood Flow . . . . ... . . . . ... 131

1. Microscopic Observations of Circalation in Rat. \/Iesoappendlx

and Dog Omentum: Use in Study of Vasotropic Substances,
by Benjamin W. Zweifach (comment by H. Stanley Bennett) . 131

11. Transparent Chamber Technique, by eram E. Essex (comment
by Richard ‘G vAbellytccoi it 50 i oo 0 T et 143

III. Temperature of Skin: Measurement and Use as Index of Periph-

: eral Blood Flow, by Alan C. Burton (comment by H. C.
Bageth) Sttt e dmto L e s e T 164

IV. Sensitive Portable Plethysmograph, by George E. Burch (com-
ment by David I.Abramson) . . . .. . ... .. ... 175

'V. Photoelectric Plethysmography of the Skin, by Alrick B. Hertzman
(comment by H. C. Bazett) . . . . . . . .. . ... .. 181

VI. Fluid Displacement and Pressure Plethysmography, by Charles

gk TR e I e N R e TR e 182

VII. Measurement of Renal Blood Flow, by Ewald E. Selkurt (com- :
= ment by J. Maxwell V1) e e S T T T 191 -
VIII. Measurement of Hepatic Blood Flow, by Stanley E. Bradley :
(comment by Franz J. Ingelfinger) . . . . . .. .. ... 199

IX. Quantitative Determination of Cerebral Blood Flow in Man, by
Seymour S. Kety . . . . . . Il e e s 204



X TABLE OF CONTENTS

X. Miscellaneous Methods, by Harold D. Green . . . . . . . . . 217
Collateral Circulation . . . . . . . . . . . 3 A e 218
1. Artifacts in Measurement of Flow, by Harold D. Green . . . 218

II. Measurement, of Effective Collateral Circulation, by Harold D,
GREOI 2o v v s iy e s S SR e PR 219
Cardiac Output and Contractility . . . . . . . L S e e 221
I. Cardiac Contractility, by Harold D, Green. . . . . . . . Es o
II. Physical Methods for Cardiac Output by Harold D.Green . . 221
II1. Injection Methods, by Harold D. Green. . . . . . s g e
IV. Gasometric Methods, by Harold D. Green. . . . . . . . . 222

V. Determination of Cardiac Output in Man by Right Heart Ctthe-
terization, by James V. Warren (comment by André F. Cour—

and) 3o e et s S R R RS e 224
VI. Roentgen Electrokymograph, by M, J. Oppenheimer and W,
Hdweard Chamberlain = 7 555500 5 - RN S GR e s £232
Analysis of Cardiovaseular Activity.! . ..cc o o 0oL 241
> 1. Vasomotor Tone, by Harold D. Green . . . . . . . . . . . 241
I1. Total Vasomotor Tone, by Harold D. Green . . . . . . . . . 242
III. Neurogenic Vasomotor Tone, by Harold D. Green . .-. . . . 242
IV. Reflex and Humoral Responses to Disturbances of Homeostasis,
by Harold 1) Green .. . = S Gies S il iy S i 242
V. Bioassay of Tissue Extracts, Drugs and Synthetic Substances
with Vascular Activity, by Harold D. Green . . . . . . . . 244 .
VI._ Expression of Unitage of Chemical Substances, by Harold D.
el £ o SR T e S e = L N et B TR A L O 246
VII. Control of Venous Return, by Harold D."Green . . . . . . . 246
VIII. Evaluation of Cardiac Contractility, by Harold D. Green . . . 247
IX. Pressor Effect of Renin and Hypertensin, by Harry Goldblatt . 252
X. .Standardization of Renin, by Irvine H. Page . . . . . . . . iyt - 208

SECTION III Selected Methods in Gastroenterologic Research
ASSOCIATE EDITOR, A. C. vy

R OqUCtION . i e o i I e N S B R 255

Assay of Choleretic Compounds or Var 1ab1hty of Liver in Response to
Standard Dose of Choleretic Compounds, by M. J Guntel

H. Ralgton and AL Ci Fuy . o, 2ot i st Sam e s e = » 256
Preparation and Use of the Mann-Williamson Deg, by M. I. Grossman
8nd ACCAvy -t e e s 263

Study of Gastric Acidity in Man, by A. Littman and A.C.Ivy . . .. 269



TABLE OF CONTENTS xi

SECTION IV. Cellular Respiration
ASSOCIATE EDITOR, Van R. Potter

BT DTt e LRt SR e S R e s e e 274
Measurement of Respiration of Intact Animals thh the Constant Flow
Respirometer, by W. A. Robbie . ... . ... . .. ... 276
Respiration of Tissue Slices, by John Field, 2d . . . . . . . . . ., .. 289
* Use of Cyanide in Tissue Respiration Studies, by W. A. Robbie . . . -307

The Homogenate Technique, by Van R. Potter (comments by H. G. Wood) 317

Analyses for Tissue Metabolites with in situ Freezing Techniques, by G) A.
LePage (comments by William E, Stone) T el 337



_ SECTION 1

Assay of Antibiotic_s

ASSOCIATE EDITOR—Henry Welch

INTRODUCTION

THE DISCOVERY of penicillin by Sir Alexander Fleming and its rapid
commercial development in this country stimulated widespread interest
in antibiotics. Production of penicillin increased from a few million units
in the latter months of 1942 t¢ over 7000 billion units per month during
1948, The amazing production record is the result of the efforts of 15
drug manufacturers in this country who, during the early part of World

. War II, were responsible for supplying great quantities of this valuable
therapeutic agent to the armed forces of this country and to those of
our allies. The therapeutic evaluation of penicillin was planned and
arranged by the Committee on Medical Research of the Office of Scien-
tific Research and Development who, with the co-operation of scientists
throughout the country, demonstrated the efficacy of this drug for the
treatment of a great variety of diseases.

In the early studies of penicillin, biologic assays were utilized exclu-
sively, but during the past three years, with the isolation of crystalline
penicillin, both chemical and physical methods have been developed.
‘These have proved to be quite satisfactory. The demonstration that
penicillin as produced by the mold was not necessarily one substance
but a combination of at least five penicillins, F (A2 pentenyl-penicillin),
G (benzyl penicillin), X (P-hydroxybenzyl penicillin), K (n-heptyl peni-
cillin) and dihydro F (n-amyl penicillin), has been of considerable value
in the develophent of definitive methods.

Although amorphous penicillin, which was utilized in great quantities
prior to March, 1946, had little or no toxicity, there has been a steady
increase in the production of pure crystalline penicillin G since then,
until now more than 90 per cent of the penicillin administered parenter-
ally in clinical practice is crystalline material largely of the G type.
There has been considerable reduction in the production of penieillin K

1
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which, although' more active than penicillin G in vitro, has only a frac-
tion of its activity in vivo. Control of the quantity of penicillin K is
maintained by regulation, as is the control of all penicillin and strepto-
mycin preparations, under an amendment to the Federal Food, Drug
and Cosmetic Act. Penicillin for use in the body must not contain more
than 30 per cent penicillin K, while products labeled as containing
crystalline penicillin G must contain at least 85 per cent of this fraction
by weight. Although no penicillin X is available on the market at this-
time, the regulations require a product to contain at least 90 per cent
of a salt of penicillin X to be labeled as this fraction. Methods for the
assay of penicillin fo, G, K and X content are included in this section.
Although it may be said that penicillin was discovered by accident,
the discovery of streptomyein, our second most important antibiotic, by
Waksman and his co-workers was the result of a carefully designed in-
vestigation. These workers were searching for an antibiotic antagonistic
to gram-negative organisms to complement the activity of penicillin
which is selective for gram-positive organisms. Unlike penicillin, strepto-
mycin has some toxicity, particularly when it is used in 1-4 g daily
doses for 1-3 months, as is done in the treatment of certain types of
tuberculosis. Deafness and vertigo due to eighth nerve damage may
result even when crystalline streptomyein (the calcium chloride, tri-
hydrochloride double salt of streptomyecin) is used for treatment. In the
treatment of other diseases for which streptomyecin is effective (Hem-
ophilus influenzae meningitis, tularemia and gram-negative urinary tract
infections) the total dosage is so low that few if any toxic reactions are .
observed. s
The manufacturing experience gained by industry in this country in
the development of penicillin production has been of great value in the
development of production methods for streptomycin. As a result, in a
relatively short time production of streptomycin reached 1,000,000 g per
month early in 1947 and was double that by the end of the year. Ohe
manufacturer (the largest at this time) is now producing only crystalline
material. As with penicillin, early indications were that streptomycin
was a single entity, but it soon became evident that it consists of at
least three different ‘“‘streptomyecins,” streptomyecin A, streptomyein' B
and a third fraction unclassified. These streptomycins differ in their
activity against sensitive organisms and occur in commercial strepto-
myecin in varying concentrations, depending on the manufacturer and. -
“the extraction procedures utilized. It can be said, however, that strepto-
myecin A (which is approximately five times as active as streptomycin B)
constitutes about 70 per cent of commercial amorphous streptomyecin.
_The methods described for the assay of streptomyecin in this section are
both biologic and chemical. However, the fact that commercial strepto-
mycin has been found to be not a single entity has delayed developmént
of accurate chemical methods, although the méthods used are quite
sufficient for clinical evaluation of this drug.
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As compared to penicillin and streptomyein, bacitracin and tyrothricin
are produced in relatively small amounts in this country. Because of
_their inherent toxicity, both are recommended for topical application
only. There is a possibility that bacitracin, which is a polypeptide, may
eventually be purified and utilized parenterally since conservative use
of this drug systemically has already been successful in the hands of
Meleney and his co-workers, the discoverers of this antibiotic. Tt is un-
likely, however, that tyrothricin (a combination of 80 per cent tyrocidine
and 20 per cent gramicidin), now produced in small amounts in crystal-
line form, will ever be satisfactory for parenteral use. The methods
described here for both bacitracin and tyrothricin are tentative. In the

~case of the former substance, more accurate methods must await its
eventual purification; tyrothricin preparations, on the other hand,
frequently contain substances which have been found to interfere with
the assay methods so far developed.

Test methods chosen for inclusion in this chapter obviously do not
include all of the reliable methods to be found in the literature. The
methods included have, in most cases, been given extensive trial and
have proved satisfactory.

—HENRY WELCH,
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ASSAY OF PENICILLIN POTENCY: A. BIOLOGIC

METHODS

1. COMMERCIAL PREPARATIONS _ " |

Cylinder-Plate Assay1
PROCEDURE : :

a) Cylinders (cups).—TUse stainless steel cylinders with outside diam-
eter 8 mm (0.1 mm), inside diameter 6 mm (0.1 mm) and length

10 mm (==0.1'mm).

b) Culture media.—Use ingi‘ediehts that conform to standards pre-

seribed by the U.S.P. or N.F.

1. Make nutrient agar for the seed layer and for carrying the test

organism as follows:

Peptone. ..o v ovieraniniianeaenans o A

60g
Pancreatic digest of casein................ L 40g
Yeast eXtract. ... covvvnerrrrrrosoeriinaacainns 30¢g
Beef extract....cocovvvreress I AR A 15¢g
(S o i R ST iy e e s ek ety o 10¢g
T R R < W B S e S S T 160 g
Distilled Water, Q.8....scveconenarssoionacionns 1000.0 m!

pH 6.5-6.8 after sterilization.
9. Make nutrient agar for base layer as follows:

PepPtONe: . v vivot 4.8 i v sty sio s dainabe st Es 5 60g
Yeast eXtract. . . ..o oo et sinsseahoroness st 30¢g
Beef extract.... O AT S s 15¢g
BEBTE, o 1o s nes o et B D NIUS0 Al s 150 g
Distilled water, 8. cooevneoveriineen.s R 1000.0 ml

pH 6.5-6.6 after sterilization. -

3. Make nutrient broth for preparing an inoculum of the test organism

as follows:

PePbONe. oo iivvvivnrsssamnssansasaisetssasesee 50¢g
Yeast eXPFAGt. . v« oo i v oo s serslaiun e ansis ot 15¢g
Boof BRETAGE .« . vt oot #5000 00 slsls o atainisls Siabin o 15¢g
Sodium chloride. .........c.. ... R e e 35¢g
CR0E0 e o o N N B PGS I e 10g
Dipotassium phosphate...... e R 3.68 ¢
Potassium dihydrogen phosphate............. ... 132 ¢g
Distilled Water, GuS...o.e i vvurereenerienianens 1000.0 ml

pH 7.0 after sterilization.

1 Food and Drug Administration, Federal Security Agency, Official Method, Federal

Register, Apr. 4, 1947.
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CYLINDER-PLATE, ASSAY fa 10

Instead of media prepared from the individual ingredients specified in
paragraphs (b) (1), (2) and (3); media may be made from a dehydrated
mixture which, when reconstituted with distilled water, has the same
composition as such media. Minor modifications of the individual in-
gredients specified in paragraphs (b) (1), (2) and (3) -are permissible if

- the resulting media possess growth-promoting properties at least equal
to those of the media described.. ; :

. ¢) Working standard.—Keep the’ working standard (obtained from
the Food and Drug Administration) in tightly stoppered vials, which

“in turn are kept in larger stoppered tubes containing anhydrous calcium

‘sulfate, constantly in the refrigerator at 15 C (59-F) or below. Weigh
out carefully in an atmosphere of 50 per cent relative humidity or less
between 4 and 5 mg of the working standard and dilute with §terile 1
‘per cent phosphate buffer (pH 6.0) to make a stock solution of any con-

- venient concentration. Keep this solution at a temperature of about 10 C-
and use for 1 day only. From this stock solution make appropriate
working dilutions. ]

d) Preparation of sample—Dissolve aseptically, in sterile distilled
water, the sample to be tested to make an appropriate stock solution.
- e) Preparation of plates—Add 21 ml of agar to each Petri dish (20 X
100 mm). Distribute the agar evenly in the plates and allow it to harden.
Use the plates the same day they are prepared. The test organism is
Staphylococcus aureus (FDA 209-P or American Type Culture Collection
[ATCC] 9144). Maintain the test organism on agar slants and transfer to

‘a fresh agar slant about once a week. Prepare an inoculum for the plates
by transferring the culture from the agar slant into broth and incubate at
37 C. From 16 to 24 hr thereafter add 2.0 ml of this broth culture to each
100 m! of agar, which has been melted and cooled to 48 C. Mix the cul-
ture and agar thoroughly and add 4 ml to each of the plates containing
the 21 ml of uninoculated agar. Tilt the plates back and forth to spread
the inoculated agar evenly over the surface. Porcelain covers glazed on
the outside are used. Place four cylinders on the agar surface so that they
are at approximately 90° intervals on a 2.8 em radius. In placing the cyl-

inders drop them from a height of !/, in., using a mechanical guide or de-

vice. ; ;

A suspension of the test organism may be used in place of the broth

culture in preparing.the inoculum for the seeding of plates. Prepare such

a suspension as follows: Wash the organisms from an agar slant, which

has been incubated for 24 hr at 37 C and stored for 24 hr at room tem-

perature, with 2.0 ml of sterile physiologic saline onto a large agar surface

such as that provided by a Roux bottle containing 300 ml of agar.”
Spread the suspension of organisms over the entire agar surface with the/
aid of sterile glass beads. Incubate 24 hr at 37.C and store for 24 hr at.

room temperature. Wash the resulting growth from the agar surface with

about 50-ml] of sterile physiologic saline. Standardize this suspension by

determining the dilution which will permit, 20 per cent light transmission
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" CYLINDER-PLATE ASSAY 7

through a filter at 6500 A in a photoelectric colorimeter. Add 1.5-2.0 ml
of this resulting dilution to each 100 ml of agar which has been melted
" ‘and cooled to 48 C to prapare the inoculum for the plates. The suspension
may be used for 1 week. :

f) Assay.—Use four plates-for each sample. Fill one cylinder on each
plate with 3 1.0 unit/ml dilution, and one with a 0.25 unit/ml dilution,
of the working standard. Add the estimated dilutions of 1.0 unit/ml and
0.25 unit/ml of the sample under test to the remaining two cylinders on
each plate. Carefully place the plates in racks and incubate 16-18 hr at
37 C. After incubation, measure the diameter of each circle of inhibition
to the nearest 0.5 mm, using a colony counter with a millimetér scale
‘etched into the supporting glass over the light source. Other measuring .
devices of equal accuracy may be used. .

g) Estimation of potency and error.—1. Use the chart (Fig. 1) and nomo-
graph (Fig. 2) for estimating potency and its standard error. To use the
chart for estimating potency two values, namely, V and W, are required.
For each plate calculate two values. '

v = (Uz + Un) — Sz + Su)

and .
w = (Usg + Sa) — (UL + Su),

where S, and S, are the diameters of the zones of inhibition in milli-
meters of the 1.0 unit and 0.25 unit dilutions of the standard, respec-
tively, and Uy and U, refer similarly to the corresponding dilutions of
the sample under test. The value of V is the sum of the v values for all
plates and W is the sum of the w values for all plates. To estimate po-
tency, locate the point on the chart cortesponding to the values of V and
W; the potency can be read from the radial lines on the chart.

9. The standard error of the assay is estimated by using the nomograph
(Fig. 2) which requires five values, namely, the potency, V, W, Rv and
Rw. Ry (vange of the v’s) is the highest value of » minus the lowest value
of v obtained from the individual plates. Similarly, Rw is the difference
between the highest and the lowest w value. After obtaining these five.
values, connect with a straightedge the points corresponding to » and w
on the respective scales on the right nomograph (Fig. 2B). Mark with a
pin_or sharp-pointed pencil the intersection of the straightedge and the
diagonal line of the nomograph. Move the straightedge so that it con-
nects the value of Rw or. its scale and the diagonal line at the point of the
pin. The value for Q is thus determined by the scale value where the

_straightedge crosses the line labeled “Q.” T is obtained by adding the
squares of Q and Rv. On the left nomograph (Fig. 24) connect the values
of T and W with the straightedge and read the value of the ratio (stand-
ard error of assay—potency) where the straightedge intersects the scale of
values for the ratio. This value multiplied by the potency equals the per-

~ centage.standard error of the assay. The standard error of the assay cal-
culated here estimates only how closely one assayist, can check himself on’



