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The discovery, development, and intelligent use of any specific thera-
peutic agent necessitates an orderly sequence of studies of its toxicity,
pharmacological action, and clinical effectiveness. In addition, preferable
routes of administration and suitable forms of preparation must be deter-
mined. Even the most effective agent for the prevention, treatment, or
cure of a disease is of little value if it is scarce, toxic, or unstable. When
penicillin was made available through the exigencies of the second World
War, problems immediately arose requiring determinations and measure-
ments before it could be effectively applied.

It was assumed, but not proved, that the concentration of penicillin
in circulating fluids bears a definite physical relation to its existence at the
tissue site of the infection. Eagle 2 reported the belief that the laboratory in
vitro sensitivity of an organism to penicillin represented a close approxi-
mation of its sensitivity at the site of the focus in vivo. Eearly attempts
were made to determine the amount of penicillin actually present in various
tissues. One difficulty encountered in arriving at true values in the case of
tissue-penicillin was the impossibility of extracting penicillin from tissue for
assay without a portion of the extract representing serum-penicillin. Hence,
it would appear that a useful and accurate indication, if not a very close
representation, of tissue-penicillin is obtained by determining its concen-
tration in the serum. It therefore became necessary to design methods of
measuring penicillin in the serum with sufficient accuracy to permit predict-
able correlation of its concentration with its bactericidal effect.

Measurement of Antibiotic Activity

To date, virtually total dependence for the measurement of the antibiotic
activity of penicillin is placed upon microbiological assay. Other methods
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such as the chemical 9 or spectrophotometric,7 exist for the determination
of penicillin, but are primarily of commercial use in growth, production,
purification, and control procedures. The essential value of some of the
newer electronic-microscope techniques, 15 moreover, is for research into the
mode of action of the drug; they will not be discussed here. The dependence
upon the microbiological measurement of penicillin activity in circulating
fluids is primarily due to the fact that the presence of natural inhibiting,
deactivating, or augmenting factors makes either chemical or physical
assay virtually worthless. The two chief biological techniques used in
testing for antibacterial activity are (a) the agar-diffusion method and
(b) the broth-dilution method.

In the agar-plate method, a volume of solution of penicillin in appro-
priate dilution (0.025 to 2.0 Oxford units per ml) is applied, usually in a
metallic cup or on a filter-paper disc, to the surface of agar suitably seeded
with a susceptible organism. In our microbiological-assay laboratory in
Bellevue Hospital, New York, we have studied the suitability of many
organisms for this purpose. Sarcina lutea has been selected by our group
as the organism of choice, since its sensitivity to the diffused penicillin in
the agar is in a range allowing accurate computation of the maximum
killing power of each dilution. The penicillin from the cup penetrates into
the agar to the limit of its diffusion range, which is still inhibitory or lethal
for the organism. In this circular area, it kills and prevents growth, and
produces a zone of clear agar, the diameter of which may easily be measured.
Comparison of the circular-zone size produced by the serum under assay
with that obtained using a solution of a known standard allows assay calcula-
tion of potency in predetermined unit values. (The conversion factor of
Oxford units to micrograms is: 1,667 units= 1 pg.)

The broth-dilution method measures the killing power of penicillin on
organisms in nutrient broth. Sterile broth is inoculated with a young culture
of a suitable susceptible organism and equal volumes are transferred to the
number of tubes desired. Serum containing the penicillin to be estimated
is then serially diluted, with narrow decrements, and added to the tubes.
The end-points of partial or complete inhibition of bacterial growth pro-
duced by these decrements are read, either by the unaided eye or by any
physical method, for determination of the degree of capacity or turbidity.
An interesting variant of this method is the use of broth containing whole
blood and a test organism capable of lysing the blood. By this technique, the
end-point becomes colorimetric, being the degree of the red colour produced
by haemolysis of red cells in the presence of the actively growing haemolytic
organism. The serial-dilution technique for penicillin detection was intro-
duced by Fleming 5 as a slide-cell method whereby the actual number of
viable test-organism colonies was counted on a prepared microscopic cell
block. His first modification of this method was through the introduction
of the haemolytic streptococcus test-organism 6 wherein, rather than a
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decreased number of colonies, the degree of haemolysis produced by the test
organism was the measure. This, too, was a microscopic cell chamber test,
although adoption of the capillary-tube instead of the cell-count chamber
was later made by Fleming's group. Rammelkamp 16 introduced the
macroscopic serial-dilution test as we know it today. Again, the end-
point may be modified by the use of haemolysis and, as an added elabora-
tion, sterility or simple inhibition of the diluent itself may be checked by
culturing a loopful of inoculum on blood-agar.

Direct comparison of accuracy between the microscopic and macroscopic
methods of serial dilution has been made by several workers, including
Heilman & Herrell,8 who found the microscopic method to be more reliable
in determining the concentration of penicillin in serum, and also more spe-
cific for the detection ofvery small quantities ; the macroscopic serial-dilution
methods were, however, technically easier and therefore could be performed
with greater consistency. The Oxford cup or cup-plate assay on solid agar
was introduced by Abraham et al.1 and, because of its convenience, has
become widely used. Kitchen, Thomas, Rein & Crutchfield13 reported direct
comparisons of two methods (macroscopic cup-plate and macroscopic
serial-dilution) of penicillin assay and gave preference for accuracy, prac-
ticability, and reproducibility to the cup-plate technique, using S. lutea as
the test organism. We now employ this method almost exclusively in our
laboratory.

Recently, in an attempt to improve still further the quantitative ac-
curacy of penicillin determinations, Sager & Arrigoni 18 have revived an old
bacteriological principle and adapted it to microbiological assay- This
utilizes the ability of certain micro-organisms to produce acid. The test
organism, an acid-former, was adjusted to functional concentration by
serial-dilution techniques and the amount of acid produced in the media
titrated electrometrically for detection of the end-point. According to the
authors, this method, when compared with the other two standard methods
of analysis, indicates an average error of 7.8 %, as against one of 11.1 %
for the Oxford cup and one of 11.6% for serial dilution. Clearly, the
statistical significance of assay values obtained will depend upon the test
employed, the number of replicates assayed, the accuracy of the determina-
tion of the standard, the type of sample being assayed, and even upon the
laboratory or technician performing the tests, since it is a direct reflection
of the bacteriological techniques.

All these biological methods have been successfully used for determining
the concentration of penicillin in serum, cerebrospinal fluid, effusion fluids,
pus, sputum, etc. In each instance, the technique must be standardized
to avoid biological error due to the action of the constituents of the par-
ticular fluid. Although inherent errors in clinical assay have been reported
to be at least 30 %,17 our experience indicates that, with a carefully controlled
technique carried out by expert workers, we need assume only a ±10%
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error, which is quite acceptable for the average comparative biological
testing procedure.

FIG. 1. PENICILLIN-ASSAY COMPARISONS WITH VARIOUS DILUENTS
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Determination of Factors Affecting Therapeutic Action

After the safety and efficacy of a drug have been established, the rational
:approach to its clinical use depends upon adequate studies of its absorption,
distribution, fate, and excretion. Penicillin in soluble forms (sodium,
,potassium, and calcium salts) is more rapidly absorbed from parenteral
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sites than following oral administration. Its rate of excretion, on the other
hand, is extremely rapid. The urinary excretion of the soluble salts of
penicillin after their injection is so rapid and so consistent that their use as
a method of determining kidney function instead of such preparations as
Diodrast has been suggested.4

The complete mechanism or mode of action by which penicillin exerts
its killing effect is not entirely understood, but from a practical point of
view, its therapeutic action is definitely determined by factors inherent in
the susceptibility of the organism to the drug. Many of these factors
have not yet been elucidated; in vitro studies have, however, demonstrated
that the susceptibility of a given organism may be thus defined in terms of
concentration:

(a) that which suffices only to reduce the normal rate of multiplication
(considered to be the bacteriostatic level);

(b) that which kills the organisms faster than they multiply (sometimes
called the in vitro inhibitory level);

(c) that which kills the organisms at a maximal rate (e.g., for Strep-
tococcus pyogenes, these concentrations are approximately 0.007, 1.014,
and 0.0109 units per ml).

Some factors other than concentration governing therapeutic efficacy
of penicillin are: (a) the time required to kill, and (b) the number of
organisms initially present in the infected host; (there may be an eightfold
difference in the time required to sterilize suspensions of one thousand and
one million organisms per ml).
A comparison of these several factors on common pathogens has been

given by Eagle & Musselman (cited by Eagle 2).
From table I it may be noted that the length oftime required to kill 99.9°%

of Treponema pallidum in vitro after exposure to maximally effective
concentrations of penicillin is from 25 to 35 hours. It is extremely interest-
ing that, in contradistinction to the killing time of T. pallidum determined
by in vitro studies, the treponeme " begins to disappear from a primary
lesion in rabbits ... only four to six hours after the administration of
even large doses of penicillin ".3

Laboratory in vitro and in vivo studies have not indicated any consis-
tent variation in the susceptibility of the treponemes of venereal syphilis,
endemic syphilis, yaws, or bejel to penicillin. The International Tre-
ponematoses Laboratory Center of the World Health Organization at the
Johns Hopkins University, Baltimore, Md. (Dr. T. B. Turner, personal
communication) has noted that: " While, therefore, these findings are
fragmentary thus far, we have had no suggestion that any of the collected
strains are more resistant to penicillin than the strains of T. pallidum." a

a See article on page 7.
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TABLE I. EFFECTIVE LEVELS OF PENICILLIN G FOR A NUMBER OF BACTERIA *

Concentration of penicillin G Time Proportion
(jAg per ml) ** required of organismsto kill 99.9% surviving afterwhich sufficed to of organisms 6 hours'

Infecting organism at optimal exposure
kill concentra- to maximally

reducrate killI ogaim tions of effective
ofgreducewrate organiISMs t smmm penicillin concentra-ofgrowth slorgais ratemaiutions ofslowlyrate (hours) penicillin (%)

Streptococcus pyogenes
(C -203) 0.004 0.006-0.008 0.064 1 1/2.2 0.002-0.004

Pneumococci
(Types 1,3,8,12,14, 24) 0.008-0.012 0.024 0.064 3-5 0.03±

Staphylococcus aureus:-
6 susceptible strains, 0.016-0.024 0.024-0.064 0.064-0.25 5-20 0.05-1.0

1 resistant strain 0.25 1 16 11 6

Treponema pallidum
(Reiter) 0.016 0.032 1± 25-35 5-10

Streptococcus faecalis:
5 susceptible strains 1 2-4 4-6 5 0.05

2 resistant strains t 1 3-4 4-6 >48 10-50

* From Eagle ' (by kind permission of the editors of the Annals of Internal Medicine)
** To transform to units, multiply by factor 1.7 (1 mg = 1,667 units).
t Resistant in that organisms were killed only slowly even at optimal concentrations of

penicillin

It is possible to demonstrate the extreme sensitivity of T. pallidum to
penicillin in vitro, as little as 0.0025 unit of penicillin per ml immobilizing
50% of the organisms in 16 hours.'4

In arriving at the time-dose relation in penicillin therapy of yaws, it is
necessary to make deductions from fundamental studies with other tre-
ponemes, particularly T. pallidum. That the deductions made from T.
pallidum can be applied to T. pertenue is indicated not only by existing
laboratory data, but also by actual results of therapy administered on this
basis (Rein & Kitchen b).

Since in vitro and in vivo laboratory reports form, at best, only an
indication for suggested dosage schedules to be applied in man, any per-
tinent information gained from clinical experience with the therapy of
treponemal diseases is of value. We have observed that patients with early
syphilis may be cured with doses of penicillin that give little or no detectable
serum-concentrations by our present methods. While it is not proposed
to deal here with the clinical basis of the time-dose relation in penicillin

b See article on page 91.
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therapy of these diseases, it is pertinent for correlation to report that
Dr. E. W. Thomas (personal communication) has observed 11 patients with
early syphilis clinically and serologically for one year or longer, following
the oral administration of amorphous penicillin in doses of 75,000 units,
seven times a day for 70 doses, to a total of 5,250,000 units. After this
period of time, 9 of the 11 remained seronegative, 2 of the patients with
secondary syphilis having relapsed or become asymptomatically reinfected.
Serum-penicillin values were so low as to be immeasurable most of the time
in most of these patients.

While we were convinced that, for a number of reasons, the oral route
of administration was not preferable for the treatment of yaws or any
treponemal disease, we reported 12 serum concentrations of penicillin
following the oral administration of microcrystalline procaine penicillin G,
and compared these effects with similar dosages of sodium penicillin G.
The amounts given of both of these oral preparations were larger than had
been reported by previous investigators. From this work we reached the
conclusion that no means of administration of existing oral preparations
in single doses would give circulating-fluid concentrations sufficiently per-
sistent to prove satisfactorily effective against the treponemal organisms.

From laboratory studies, including those mentioned above, and from
the clinical experience of other workers, such as Mahoney & Arnold
(personal communication), the Syphilis Co-operative Study Section of the
National Research Council, and our own group, it was felt that, for the
most satisfactory treatment of syphilis, penicillin should remain in circulat-
ing fluids for an uninterrupted minimal period of 96 to 144 hours in an
effective concentration (absolute minimal unknown).

This duration-dose requirement appeared to be obtainable with any
penicillin preparation, but was more practicable with one that would
exhibit a sufficient repository action to avoid the necessity of frequent injec-
tion of the rapidly excreted soluble salts of the antibiotic. Calcium penicillin
in peanut oil and 4.8 % beeswax was the first approach to the successful
application of these conditions. The problem of maintaining penicillin in
circulating fluids for a long period of time, with a single or few injections,
was then further reduced by the development of microcrystalline procaine
penicillin G in oil gelled with 2% aluminium monostearate (PAM).

Studying the repository action of this preparation, Kitchen, Thomas &
Rein 11 reported serum concentrations following its intramuscular injection
according to several schedules of administration. It was initially observed
that the daily injection of 1 ml (300,000 units) of PAM daily for 15 days
resulted in a progressive serum accumulation of penicillin. This began
with a serum concentration of 0.1 unit per ml 24 hours after the first in-
jection, attaining an average of about 0.4 unit per ml by the 8th day, and
maintaining this same level until injections were discontinued. A similar
phenomenon resulted from the injection of the same amount at 48-hour
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intervals, although the accumulation-rate was slower and the serum-con-
centration level, at the end of the 8th day, was lower, being approximately
0.2 unit per ml. We also reported Il serum concentrations of penicillin
following the " single-treatment " schedules with this preparation as
follows

Schedule Dose

K1 1.2 million units (4 ml)
(one depot)
K2 2.4 million units (8 ml)
(one depot)
K3 2.4 million units (4 ml each)
(two depots,

simultaneously)

The K, schedule produced a peak level of approximately 0.5 unit per ml
in one hour and remained above 0.03 unit per ml for 6-8 days in the great
majority of instances. The K2 and K3 schedules produced serum concen-
tration at the one-hour peak of approximately 1.0 unit per ml. A gradual
decline in the level, which fell below 0.03 unit per ml, occurred in about 8
to 10 days in most patients.

From these results, it appeared obvious that the postulate that the serum
should maintain an uninterrupted, measurable concentration of penicillin
for 6-8 days could be fulfilled, and that the next logical step in our attempt
to reduce the effective treatment of syphilis, yaws, or pinta to a single
injection might be possible. In order to determine the time-dose relation in
the transfer of penicillin from the mother to the new-born, we undertook
a study'0 of 181 normal women, who delivered their babies at intervals
varying from a few minutes to 15 hours after a single injection of 300,000
units of PAM. In instances where delivery was effected within minutes or
the first few hours following injection of the mother, the concentration of
penicillin in the cord serum was quite low, and indeed absent in some cases.
In general, if 4 hours or more elapsed between injection of the mother and
delivery, the cord-serum penicillin was much higher; only two or three
failed to demonstrate the presence of the antibiotic. The most favourable
transfer was effected when PAM had been injected between 6 and 12 hours
before delivery. These findings are significant and the implications are
discussed by Rein & Kitchen.c

Soon after PAM became available, marked variations in its chemical,
physical, and repository characteristics were discovered in preparations
from different sources. The uniformity and reproducibility of all its pro-
perties are a direct reflection of the accuracy of the methods of manufacture,
which, since the control of unusual physicochemical phenomena are involved,
must be meticulously and consistently carried out. The discovery of this
lack of uniformity in PAM preparations from different sources resulted,

c See article on page 91.
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in 1950, in a detailed study of the problem in which the United States Food
and Drug Administration and a committee composed of research and
control representatives of certain PAM producers and penicillin manufac-
turers collaborated closely.

It is obviously not feasible to subject every lot of PAM to assay in
man; hence, the purpose of this committee was to explore possible laboratory-
animal or in vitro methods which might predict the repository effective-
ness of individual lots. Further, the committee was requested to design
experiments to determine whether significant differences existed between
the serum-assays for penicillin performed in different clinics. The results
of all these studies are too lengthy for detailed description here; however,
one in vitro method d iS sufficiently simple in its performance and con-
sistent in its correlation with actual clinical assay to be particularly pro-
mising. Its principle is based on the extent to which the penicillin placed in
a standard metallic cup on a previously prepared and seeded agar-plate
will diffuse in a circular zone around the cup and kill or inhibit the growth
of organisms. In this respect the technique and mechanics of diffusion are
identical with those utilized in any standard cup-plate procedure for deter-
mining the amount of penicillin in fluids such as serum. The various PAM
samples to be tested for diffusion are placed in cups on the same plate with
an identical amount of the United States Food and Drug Administration
standard of crystalline sodium penicillin G in aqueous solution (1% phos-
phate buffer, pH 6.0).

The zone-diameter sizes produced by the diffusion under standard
conditions allow calculation with subsequent interpretation of repository
effect. From the studies of the Industry Committee of the Food and Drug
Administration, and from our own observations, there appears to be a rather
constant and definite inverse relation between the zone-size produced byPAM
and its duration in the serum of the human subject following parenteral
administration. Stated differently, a given lot of PAM which produces a
very small zone of diffusion appears to be correlated with long duration
in the serum, whereas large-zone preparations appear to be associated with
higher, but shorter, blogd concentrations. Further correlating studies will
be necessary to define more closely the relation between agar diffusion
and serum concentration. The statistical treatment of a rather large amount
of material is being performed and will be published subsequently by the
designers of the diffusion assay method.d

Since most of the present schedules being used in yaws control cam-
paigns have been based largely on PAM serum-assay studies, and since such
wide variation in similar preparations produced throughout the world has
been noted, it is our feeling that definite specifications should be required
of PAM products where comparable schedules are advocated. All PAM

dBristol Diffusion Procedure, Bristol Laboratories, Inc., Syracuse, N.Y.
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products which we have used clinically in the treatment of treponemal
diseases, as well as all preparations on the clinical administration of which
our early reports dealing with serum concentrations produced by various
schedules were based, have fulfilled the requirements given in Annex 1
(see below). A monograph e elaborating further suggested specifications
for PAM has recently been made available to WHO and UNICEF.

The specifications given in Annex 1 are not officially sponsored by any
agency or organization; some points, however, approximate closely to the
specifications recently recommended by the WHO Expert Committee on
the International Pharmacopoeia-and approved by the Expert Committees
on Venereal Infections and Treponematoses, and Biological Standardiza-
tion,20-for procaine penicillin G in oil with 2% aluminium monostearate.
They are presented here as our personal recommendation for a PAM
preparation which will produce the serum concentration and duration
comparable to that described in the reports which we have published. 10 19

Annex 1

SUGGESTED SPECIFICATIONS FOR INJECTABLE MICROCRYSTALLINE
PROCAINE PENICILLIN G IN OIL WITH 2% ALUMINIUM MONOSTEARATE

Amount of penicillin
PAM should contain not less than 95% of the labelled amount of procaine penicillin

and should meet all the specified requirements and official regulations for this compound.
Moisture

The moisture content should be not more than 1.4% (Karl Fischer method).
Vial content

The 10-ml vial should be filled with a sufficient quantity of material to permit of the
withdrawal of 10 1-ml doses, using 10 clean syringes equipped with 18-gauge needles.

Suspension stability
Under standard conditions, PAM should show not more than 1/8 inch (3.18 mm)

of an oily layer after centrifugation, under standard conditions with standard equip-
ment, at 1,000 revolutions per minute for two minutes.
Particle size

Since microscopic-block particle-measurement determinations are unreliable, a simple
method of obtaining serial screening of microcrystalline material is proposed. Properly
performed, this will produce material that should contain not more than 0.1 % by weight
of procaine penicillin G present as material over 100 IL, and not more than 0.04% by
weight of procaine penicillin G present as material over 40 ,u (10 ml is assumed to
contain 3.0 g of procaine penicillin G).

Diffusion-rate
A PAM lot which has previously been shown to produce a desirable duration of

serum-penicillin concentrations may be used as a " known " or standard lot. Its diffusion

e Prepared and submitted by F. Buckwalter and R. Noel, Bristol Laboratories, Inc., Syracuse, N.Y.
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is comnpared with the unknown PAM preparations, and if the average zone of diffusion
produced by the product under test (unknown) is not more than 25% greater than
that produced by the standard PAM product, it should be considered satisfactory. If the
zone produced by the product under test is more than 25% greater, its repository action
must be questioned and demonstrated by clinical serum-concentration protocols.

SUMMARY RItSUMIt

The selection of therapeutic schedules
in the treatment of yaws with penicillin
depends upon accurate laboratory deter-
minations of the relation between the
concentration of the drug in tissues and
circulating fluids and its bactericidal
effect. The two chief microbiological
techniques used in the measurement of
antibacterial activity are the agar-diffusion
method (for which the authors indicate
that Sarcina lutea is the organism of choice)
and the broth-dilution method, a modifi-
cation of which (using broth containing
whole blood and sown with haemolytic
organisms) allows dosage to be calculated
colorimetrically on the basis of the degree
of haemolysis produced. These techniques
are described and their comparative value
discussed. The macroscopic 3up-plate
assay on solid agar is recommended as
being the most accurate, practicable, and
easily reproduced, and the need for
standardization of the technique if it is
to be valid for comparative tests in
emphasized.
The bactericidal mechanism of penicillin

is not, as yet, fully understood; the
susceptibility of a micro-organism to the
antibiotic may be defined in terms of
the concentration necessary to produce a
bacteriostatic and bactericidal effect. The
therapeutic efficiency of penicillin further
depends on the length of time necessary
for the destruction of the organism and
on the number of organisms present.
Experiment has shown that the time
required to sterilize suspensions of one
million organisms per ml is eight times as
great as for suspensions of one thousand
per ml.
No consistent variation in the suscepti-

bility to penicillin of the treponemes of
venereal syphilis, endemic syphilis, yaws,
or bejel has been noted. Both in vitro

Le choix du sch6ma de traitement dans
la penicillino-therapie du pian d6pend de
la determination exacte, au laboratoire, du
rapport entre la concentration de l'anti-
biotique dans les tissus et les humeurs et
son effet bactericide. Deux techniques
microscopiques principales permettent de
mesurer l'activite antibacterienne: la
methode par diffusion sur gelose (pour
laquelle les auteurs conseillent l'emploi de
Sarcina lutea) et la methode par culture
sur bouillon dont une modification - le
bouillon au sang ensemence d'organismes
hemolytiques - permet un dosage colori-
m'trique bas6 sur le degre d'hemolyse
produit. Ces techniques sont decrites et
leur valeur respective discutee. La methode
macroscopique des cupules sur plaque de
gelose est recommandee par les auteurs
comme la plus sture, la plus pratique, la
plus aisee 'a repeter ; ils soulignent la
necessite de standardiser cette technique
si l'on veut y recourir pour des epreuves
comparatives.

Le mecanisme de l'action bactericide de
la penicilline n'est pas encore entierement
elucide. La sensibilite d'un micro-orga-
nisme peut etre definie d'apres la concen-
tration d'antibiotique necessaire pour
exercer sur lui une activite bacteriostatique
ou bactericide. L'efficacite de la penicilline
depend en outre du temps necessaire ai la
destruction du microorganisme et du nom-
bre d'organismes presents. L'experience
a montre que le temps necessaire pour
steriliser une suspension d'un million de
germes par ml pouvait etre huit fois
superieur a celui qui est necessaire pour
en detruire mille par ml.
Aucune variation constante dans la

resistance 'a la penicilline des treponemes
agents de la syphilis venerienne, de la
syphilis endemique, du pian et du bejel
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studies and therapeutic experience have
indicated that the demonstrable sensitivity
to penicillin of Treponema pallidum is also
applicable to T. pertenue.

For the treatment of syphilis an effective
concentration of penicillin must be main-
tained in the blood over a minimal period
of between 96 and 144 hours. It was
found that oral administration of penicillin
in single doses did not give a circulating-
fluid concentration sufficiently persistent
to prove effective against treponemal
organisms. The question of intramuscular
administration brings the authors to a
consideration of the time-dose relation,
the clinical aspects of which they discuss
in a second contribution to this Sympo-
sium. Here they describe the basic studies
undertaken to devise a preparation with
a sufficient repository action to obviate
the necessity for frequent injections of
the rapidly excreted soluble salts of the
antibiotic. The development of PAM,
which solved this problem, was followed
by the drawing-up of optimal schedules of
administration, offering the possibility of
effective single-injection mass treatment
for syphilis, yaws, and pinta. A new
difficulty then arose, however: marked
variations in chemical, physical, and
repository characteristics were noted in
PAM preparations from different sources.
Possible laboratory-animal or in vitro
methods of predicting the repository
effectiveness of individual lots were there-
fore sought and an agar-diffusion tech-
nique which allows the expected serum
concentration to be calculated was de-
veloped.

The authors stress the need for definite
specifications for penicillin preparations,
and in an annex give their personal
recommendations, which approximate
closely to the specifications for PAM
recommended by the WHO Expert Com-
mittee on the International Pharmaco-
poeia, and approved by the WHO Expert
Committees on Venereal Infections and
Treponematoses, and Biological Standar-
dization.

n9a pu etre observee. Des essais in vitro
et les observations faites en therapeutique
ont montre que la sensibilite experimentale
de Treponema pertenue est la meme que
celle de T. pallidum.
Pour que le traitement de la syphilis

soit efficace, il faut qu'une certaine con-
centration de p6nicilline soit maintenue
dans le sang durant une periode minimum,
variant de 96-144 heures. Or, on constata
que l'administration orale d'une dose
unique n'assurait pas une concentration
suffisante assez durable pour qu'elle soit
active contre les treponemes. La question
de l'administration par voie intramusculaire
amene les auteurs it discuter le rapport
temps/dose, dont ils ont envisage les
aspects cliniques dans un autre article de
ce Symposium. Ils mentionnent ici les
etudes entreprises pour mettre au point
une preparation ayant une action-retard
assez forte pour remplacer les injections
frequentes de sels solubles de la penicilline,
rapidement elimines. La mise au point
d'une preparation de penicilline G dans
l'huile avec 2 % de monostearate d'alu-
minium (PAM) a resolu ce probleme. Des
schemas de traitement furent ensuite pro-
poses grace auxquels, au cours des cam-
pagnes systematiques, la syphilis, le pian
et la pinta pouvaient etre traites avec
succes au moyen d'une injection unique.
Une nouvelle difficulte surgit alors. Des
preparations de PAM de diverses origines
presenterent des differences dans leurs
proprietes physiques, chimiques et leur
action-retard. On chercha, en consequence,
des methodes de laboratoire permettant
de determiner l'action-retard de lots
d'antibiotiques et l'on mit au point une
technique de diffusion sur gelose d'apres
laquelle il est possible de calculer le niveau
probable de p6nicilline dans le serum.

Les auteurs soulignent la necessite de
normes precises pour les preparations de
PAM et, dans une annexe, ils font ah ce
sujet des propositions qui se rapprochent
des recommandations formulees par le
Comite d'experts de la Pharmacopee
internationale et par le Comite d'experts
des Maladies veneriennes et des Trepone-
matoses, ainsi que par le Comite d'experts
pour la Standardisation biologique, de
l'OMS.
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