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Evaluation of the Blood Level Duration
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The study of procaine benzylpenicillin in oil with aluminium monostearate (PAM)
described in this paper was undertaken to devise laboratory assay methods, based on animal
tests, to evaluate those properties ofPAM responsible for the persistence ofpenicillin in
the circulation, as a preferable substitute for the existing test in man. Comparative studies
ofa number ofbatches ofPAM in man proved, with statistical certainty, that the duration
of the blood level ofpenicillin which they produced variedfrom batch to batch. The che-
mical and physical properties of the batches gave inadequate characterization and were of
no value in assessing material for clinical use. A blood level duration test in rabbits was
developed which reflected the blood level duration properties shown in man. The test was
incorporated in the Requirements for Procaine Benzylpeniciiin in Oil with Aluminium
Monostearate that were set up by the WHO Expert Committee on Biological Standardiza-
tion to ensure the suitability ofbatchesfor clinical use. An International Reference Prepara-
tion was necessary and was established. Batches ofPAM in use in the field by WHO in
anti-yaws campaigns were examined by the test described andfound to be satisfactory.

SUMMARY OF EVENTS UP TO 1960

Since the early work of Eagle (1948) it has been
recognized that it is the duration of the treponemi-
cidal concentration of penicillin in blood that is the
major factor for the success or failure of treatment
of the treponematoses with this antibiotic. In
public health programmes against syphilis, yaws and
pinta, the time-dose relationship is of particular
importance when using single-injection (or single-
session) techniques. In procaine benzylpenicillin in
oil with aluminium monostearate (PAM) the
vehicle is responsible for retarding the absorption of
penicillin from the intramuscular depot. In emphasiz-
ing that PAM was the penicillin preparation of
choice in treating treponematoses, successive reports

* From the National Institute for Medical Research,
London, England. The work reported was carried out in
collaboration with A. J. King, F.R.C.S., London Hospital,
London, C. S. Nicol, M.D., F.R.C.P., St Thomas's Hospital,
London, and R. R. Willcox, M.D., and F. J. G. Jefferiss,
M.R.C.S., L.R.C.P., St Mary's Hospital, London.

of the WHO Expert Committee on Venereal Infec-
tions and Treponematoses in the late 1940s and early
1950s pointed to the great differences in the duration
of an effective blood level resulting with the same
dose of PAM preparations of different origins, and
studies on this problem were summarized in the
fourth report of the WHO Expert Committee on
Venereal Infections and Treponematoses (1953). It
was considered that the use of inferior preparations
might jeopardize the outcome of mass campaigns
against yaws in many parts of the world, since
unacceptable relapse rates could result when single-
injection techniques were used. There was therefore
a need for the establishment of minimum inter-
national requirements which long-acting PAM pre-
parations should meet in regard to blood level dura-
tion properties.

Initially the WHO Expert Committee on the Inter-
national Pharmacopoeia was consulted (in 1952) in
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regard to the possible inclusion of a monograph
on the subject in the Pharmacopoea Internationalis.
The recommendations made were based on the
method for blood level duration determination used
by the Antibiotics Laboratory of the United States
Food and Drug Administration. The WHO Expert
Committee on Venereal Infections and Treponema-
toses (1953) accepted these recommendations to be
used for provisional international requirements for
PAM while the matter was further considered by the
WHO Expert Committee on Biological Standardiza-
tion, to which it had been referred.
The blood level duration test, which was part of

the monograph on the provisional requirements for
PAM of 1952 given in Annex 5 of the fourth report
of the WHO Expert Committee on Venereal Infec-
tions and Treponematoses (1953), was found to have
certain limitations and the National Institute for
Medical Research, London, was asked by the WHO
Expert Committee on Biological Standardization
(1955) to examine the problem. The terms of re-
ference were to investigate the possibility of estab-
lishing an international reference preparation of
PAM and of devising laboratory assay methods,
based on animal tests, to measure the persistence of
penicillin in the circulation, as a preferable substitute
for the existing test in man.

The method described in the above-mentioned
monograph on requirements for PAM for the assay
of levels of penicillin in serum was difficult to under-
stand, and its precision and validity could not be
analysed by conventional statistical methods. A
satisfactory plate diffusion assay method was devised
by Lightbown & Sulitzeanu (1957), using Sarcina
lutea as test organism; this method would assay
levels of penicillin down to 0.02 IU/ml, and was
suitable for measuring blood levels of penicillin in
rabbit and human sera. The assay could be analysed
statistically and thus limits of error could be evalu-
ated for the potencies obtained. A full description
of the statistical analysis, together with a numerical
example, were given in a later paper by Lightbown,
Mussett & Sulitzeanu (1958).
The main limitation of the requirement in the

monograph on PAM, however, concerned the actual
blood level duration test, which required that after
injection of a fixed dose ofPAM into human subjects
the blood level should exceed 0.03 IU/ml after
72 hours in at least five of 10 human subjects. Such
a test was unsatisfactory because:

(a) it was undesirable to perform routine quality
control tests in man;

(b) the test was based on measurement of a biolo-
gical response without reference to a standard pre-
paration; and

(c) the significance of the results obtained in man
could not be assessed statistically.

The first essential appeared to be a satisfactory test
in experimental animals, and a test was devised by
the National Institute for Medical Research that
was capable of distinguishing between batches of
PAM which were thought to be suitable and un-
suitable for clinical use (WHO Expert Committee
on Biological Standardization, 1957). The test
involved comparison of each sample batch with a
" standard " preparation of PAM, and provided a
statistically valid estimate of the difference between
the blood level durations produced by the two
preparations.

Since it was desirable to evaluate the proposed
rabbit test in a number of laboratories, an inter-
national collaborative study was arranged, involving
seven laboratories, which were asked to examine
eight samples of PAM said to be of varying clinical
efficacy. The samples were to be compared in rabbits
and if possible in man also. The results of this study
were reported to the WHO Expert Committee on
Biological Standardization (1959, 1960). They can
be summarized briefly as follows.

Human tests
No agreement was obtained between laboratories in

assessing the different samples on the basis of the test
described in the monograph on requirements for PAM.
Unknown to the participants, two of the samples dis-

tributed for examination were samples of the same batch
under different code letters. On the basis of the test in the
monograph there was agreement within laboratories in
passing or failing these samples, which were tested con-
currently. Results which had been obtained twelve
months previously, relating to four of the study samples,
were also available. When these results were compared
with those reported in the collaborative test itself, there
was very little agreement within laboratories.
No better agreement was obtained either within or

between laboratories when the different samples were
assessed by comparing the responses of the different
batches with an arbitrarily chosen " standard ".
The mean blood levels obtained with any given batch

varied greatly according to the country in which the tests
were carried out.

Rabbit tests
Some agreement was obtained between laboratories on

the relative performance of the different batches. How-
ever, as there was no agreement on the relative values of
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the different batches in man, it was impossible to interpret
the results obtained in rabbits and useless to attempt to
correlate the two sets of data.

It was concluded that before any further work
could usefully be carried out in the laboratory in
developing a reliable blood-level duration test, it
was necessary to have samples of different batches
of PAM which had been shown unequivocally
under clinical conditions to vary in their efficacy.
The method of evaluation of samples outlined in
the monograph on PAM was not sufficiently dis-
criminating for this purpose. If batches could have
been compared clinically under field conditions and
if it could have been shown that their clinical efficacy
was reflected by the duration of blood level of
penicillin which they produced, then these same
samples could have been used to develop an animal
test to classify and grade samples. Such an animal

test should thus have reflected the clinical efficacy
in man of any batches being examined. A compari-
son of batches under field conditions was, however,
considered impracticable.

It was thought that an understanding of the causes
of variability in man might be obtained by a colla-
borative study involving London venereal disease
clinics and the National Institute for Medical
Research. It was suggested that patients suffering
from gonorrhoea attending the clinics should be
injected with a single dose of PAM, blood samples
collected at intervals after injection, and details
concerning various attributes of the patients re-
corded. The blood samples were then to be assayed
for penicillin content at the National Institute for
Medical Research and the results and information
analysed. Only after such a study in man was it
thought that further work on an animal test would
be of value.

DETAILED STUDY OF THE PROBLEM, 1960-63

STUDIES IN MAN

The aims of the studies in man were twofold:
(a) to show the variations in blood levels of penicillin
that were to be expected when a given dose of a

single batch of PAM was injected into groups of
humans; and (b) to compare a number of batches
of PAM in groups of humans sufficiently large to
show statistically significant differences in the blood
levels of penicillin produced at a given time. Those
batches could then be used to evaluate a test using
rabbits.
The work was carried out in London in collabora-

tion with the venereal diseases clinics at the London
Hospital (Clinic C), St Thomas's Hospital (Clinic A)
and St Mary's Hospital (Clinic B). Gonorrhoea
patients were injected with intramuscular doses of
batches of PAM, and blood samples were collected
before injection and at 24, 48, 72 hours and seven

days after injection.
These samples were stored at 4'C, transferred to

the National Institute for Medical Research in
cooled, insulated boxes, and the penicillin in the serum
was assayed in terms of International Units using
Sarcina lutea (Lightbown & Sulitzneau, 1957). No
blood sample was kept for more than five days
before assay, most samples being assayed within
two or three days of collection. It had been shown

in a previous study and was confirmed in this one
that no significant destruction of penicillin occurred
during this time if samples were stored at 4°C.

Variation, between and within clinics, of blood levels
produced by a single batch ofPAM
One batch of PAM (PAM 1/9469) was adopted

for preliminary study. The material was recom-
mended by WHO, as it had proved very satisfactory
in the field in anti-yaws treatment, and had fulfilled
the provisional requirements laid down in the mono-
graph on PAM quoted previously.
The PAM 1/9469 batch was first examined in a

large number of patients at the three clinics simul-
taneously. The mean blood levels obtained at each
clinic were compared by t tests and were found to
differ significantly between clinics at 24 and 48 hours
and seven days, but not at 72 hours after injection.
The differences between clinics are given in Table 1
and illustrated in Fig. 1 and 2. The blood level
decay curves in Fig. 1 are for those individual pa-
tients for whom a complete series of results were
available. Fig. 2 also shows the large variation
between individual blood levels at each clinic at
24 hours. Similar variation between blood levels in
different patients was found at all times.

Several months later the batch was re-examined
at all three clinics. The results obtained were similar
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TABLE 1
BETWEEN-CLINIC DIFFERENCES IN MEAN PENICILLIN BLOOD LEVELS IN MAN a

Blood levels (IU penicillin/ml serum)
Time after Clinic A Clinic B Clinic C Statistical assessment
injection of differences by t test

(hours) No. Men No. Mean No. Ma
(or) |of patients Men |of patients | en |of patients

Ma

99 0.143 94 0.164 Sig. (0.05>P>0.02)

24 94 0.164 173 0.236 Highly sig. (P<0.001)

99 0.143 173 0.236 Highly sig. (P<0.001)

94 0.131 69 0.141 No sig. diff. (P>0.10)

48 69 0.141 147 0.161 Sig. (0.05>P>0.02)

94 0.131 147 0.161 Highly sig. (P<0.001)

84 0.096 54 0.094 No sig. duff. (P>0.10)

72 54 0.094 116 0.091 No sig. diff. (P>0.10)

84 0.096 116 0.091 No sig. duff. (P>0.10)

a All clinics used 600000 IU PAM 1/9469.

to those in the first experiment-i.e., the significant
difference between blood levels obtained at Clinic C
and the other two clinics at all times except 72 hours
was still observed. The only significant variation
of mean blood level on re-examination within a
clinic was at Clinic B for the values at 24 hours.
These findings showed that 72 hours after injec-

tion was the best time at which to compare batches
of PAM for their blood level duration properties,
since the variation between and within clinics or
laboratories was then minimal.
The difference between Clinic C and the other

two clinics at times other than 72 hours appeared
consistently throughout experiments using other
batches of PAM (see below).

Differences between batches ofPAM in respect of
their blood level duration properties

The following batches were compared:

PAM 1/9469
PAM 5/300
PAM 5/310
PAM 5/319
PAM 5/322

PAM 5/323
PAM 5/324
PAM 2/A431
PAM 3/427
PAM 4/67658

These were all normal production batches, from
five different manufacturers representing three coun-
tries, identified by the prefixes PAM 1, PAM 2,
PAM 3, etc., the particular batch being identified

by the final figure. The PAM 2/A431, PAM 3/427
and PAM 4/67658 material had been examined in
the previous collaborative study (WHO Expert
Committee on Biological Standardization, 1959,
1960), in which they had been labelled Batch A, B
and C respectively.
The design of the present study was such that

each batch could be compared with PAM 1/9469 on
the basis of tests obtained within a clinic. Batches
could not all be tested simultaneously but this was
considered acceptable since it had been shown
from the two preliminary experiments with PAM
1/9469 that there was no significant variation in the
response to a given batch at 72 hours on repeated
testing, either within or between clinics. All batches
except PAM 5/300 and PAM 5/310 were examined
at two of the three clinics, and all batches except
PAM 1/9469 were tested in groups of patients
varying from 30 to 50 per clinic.
The mean blood levels of the groups receiving

the different batches are shown in Table 2. The
blood levels obtained in the groups at 24 and 72 hours
have been compared by a t test and the significance
of differences between batches at 72 hours is shown
diagrammatically in Table 3. Two types of compari-
son can be made from these results and certain
conclusions drawn.

Between-clinic, within-batch comparison. A num-
ber of comparisons between two clinics using
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FIG. 1
PENICILLIN BLOOD LEVEL DECAY CURVES FOR

PAM 119469a

FIG. 2
FREQUENCY DISTRIBUTION OF PENICILLIN

BLOOD LEVELS AT 24 HOURS AFTER INJECTION
OF PAM 1/9489
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TABLE 2
MEAN PENICILLIN BLOOD LEVELS (lU/ml) IN MAN OBTAINED WITH

OF PAM IN THREE CLINICS
DIFFERENT BATCHES

24 hours after injection 48 hours after injection 72 hours after Injection
Batch of PAM C Inic Clinic Clinic Clinic Clinic Clinic Clinic Clinic Clinic

AC I B C A B C A B C

PAM 1/9469 0.139 0.146 0.224 0.132 0.132 0.156 0.092 0.098 0.087

PAM 2/A431 0.153 0.198 0.121 0.122 0.107 0.092

PAM 3/427 0.196 0.241 0.150 0.144 0.088 0.084

PAM 4/67658 0.137 0.178 0.119 0.119 0.081 0.072

PAM 5/300 0.274 0.092 0.044

PAM 5/310 0.214 0.116 0.063

PAM 5/319 0.181 0.263 0.107 0.118 0.047 0.047

PAM 5/322 0.195 0.248 0.120 0.104 0.065 0.036

PAM 5/323 0.248 0.281 0.122 0.125 0.045 0.045

PAM 5/324 0.231 0.347 0.029 0.038 0.006 0.006

TABLE 3
COMPARISON OF 10 BATCHES OF PAM ON THE BASIS OF THEIR MEAN

72-HOUR BLOOD LEVELS IN MAN a

BATCH OF PAM PAM 1/9469 PAM 2/A431 PAM 3/427 PAM 4/67658 PAM 5/ PAM 5/ PAM 5/ PAM 5/ PAM 5/
319 322 323 310 300 324

Clinic B A C A |C A C A C A C B C B A B C B C
B + +_ +__+

PAM 1/9469 A +
C _ - -_ ± + + +

PAM 2/A431 A _ -

c _ - 1- + + +

PAM 3/427 C^ + ± __
+

PAM 4/67658 A + + I ± + +

PAM 5/319 A T I 1 T

PAM 5/322 C == I ==
PAM 5/323 B I I

A
PAM 5/310 B__ ____ -4
PAM 5/300 C +

PAM 5/324 -B

wHO 3057

a The sign + indicates significant difference by f test (P<0.05); - indicates no significant difference by t test (P>0.05).
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the same batch of PAM were made. Variation
between clinics occurred more frequently at 24 hours
than at 72 hours. Of 10 possible comparisons, six
showed a significant difference (P<0.05) at 24 hours,
but only one was significant (P<0.01) at 72 hours.
The findings for comparisons at 72 hours are
summarized in Table 3 in the hatched areas along
the diagonal line.

Between-batch, within-clinic comparison. A larger
number of comparisons could be made between two
different batches of PAM tested at the same clinic
on the basis of 24-hour and 72-hour blood-levels.
The comparisons on the basis of the 72-hour levels
are seen in the main body of Table 3. On the basis
of these values, the 10 batches could be divided into
three groups, with almost no significant differences
between the members of any one particular group.
The groups were:

Group I (PAM 1/9469, PAM 2/A431, PAM 3/427,
PAM 4/67658). The only difference found in this group
was between PAM 2/A431 and PAM 4/67658 at one of
the two clinics at which they were tested.

Group 2 (PAM 5/319, PAM 5/322, PAM 5/323,
PAM 5/310, PAM 5/300). The only difference within this

group was between batches PAM 5/322 and PAM 5/323,
which just differed significantly (0.05 > P > 0.02) at
Clinic B. No other direct comparison of these two
batches was possible, but neither was significantly dif-
ferent from batch PAM 5/319 at Clinics A and C. All
batches in this group were significantly different from all
those in Group 1 at 72 hours.

Group 3 (PAM 5/324). This batch was significantly
different from all batches in both Groups 1 and 2.

Referring to the mean blood levels at 72 hours
(Table 2), it can be seen that the values of batches
in Group 2 were lower than for PAM 1/9469 and
therefore these batches had poorer blood level
duration properties. The mean level of PAM 5/324
was lower than both the PAM 1/9469 mean and the
mean levels of Group 2 batches, and is thus even
poorer material. Hence Groups 1, 2 and 3 can be
considered " good ", " medium " and " poor "

respectively. This gradation can be seen in the
frequency-distribution histograms of 72-hour levels
from three representative batches given in Fig. 3.
At 24 hours, division into these three groups was

apparent although not nearly so clear-cut, with
Group 1 having the lowest mean levels, and Group 3
the highest (see Table 2). It was observed throughout

FIG. 3
FREQUENCY DISTRIBUTION OF 72-HOUR PENICILLIN BLOOD LEVELS WITH THREE BATCHES OF PAM

REPRESENTING THE " GOOD ", " MEDIUM " AND " POOR" GROUPS
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FIG. 4
DECAY CURVES OF MEAN PENICILLIN BLOOD-LEVELS

OF BATCHES OF PAM TESTED AT CLINIC C
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the study that a high 24-hour blood level was
usually followed by a rapid drop to a low 72-hour
level, and conversely that relatively high 72-hour
levels were frequently preceded by relatively low
24-hour levels. This pattern of results is shown
in Fig. 4, which gives mean blood level decay
curves for all batches tested at Clinic C.
As a result of these studies, it was possible to

classify batches of PAM on the basis of the blood
levels they produced in man at 72 hours. The pre-
vious attempt to do this in a collaborative study
(WHO Expert Committee on Biological Standardiza-
tion, 1959, 1960) had failed because it was based on
insufficient data, most evaluations being made on
groups of 10 subjects. The blood levels obtained in
the present work confirmed the wide variation in
individual responses to a single batch of PAM and
showed that comparisons between batches should
be made using adequate groups of subjects-for
instance, to show a difference of 20% in mean blood

level between two batches, groups of 35 subjects
would be needed, assuming a variance equal to that
observed in these studies.

STUDIES OF BLOOD LEVEL DURATION PROPERTIES

OF PAM IN RABBITS

Having obtained batches of PAM which gave
significantly different blood levels of penicillin at
72 hours in man, it was necessary to see whether
these " good ", " medium " and " poor " blood level
duration properties were reproducible in rabbits.
The answer to this question would show whether a
blood level duration test in rabbits could be adopted
as a control procedure for batches of PAM intended
for use in man.

Experimental procedure
This work in rabbits was based on the results

obtained in the preliminary work using rabbits
(WHO Expert Committee on Biological Standard-
ization, 1957) with certain modifications. Rabbits of
either sex, weighing approximately 2 kg, were
injected in the paravertebral muscles of the back,
in the lumbar region. The muscle mass is thickest in
this area, and the injection was made into the centre
of the muscle, about half an inch (a little over 1 cm)
lateral to the spinal column (Fig. 5). The rabbits
were each used for two experiments, only one in-
jection being made on each side, and at least two
weeks were allowed to elapse between injections in
the same animal. The back muscles were chosen in
preference to the gluteal muscles of the leg (used in
the previous rabbit tests) because they presented a
larger, firmer muscle mass, and the resulting blood
levels were less variable. The needles used were
2.5 cm in length, designated size 6 (external diameter
0.63±0.04 mm, 23 gauge).'

Eight batches of PAM were tested in rabbits.
PAM 1/9469 was again adopted as the reference
preparation, and was always examined simultane-
ously with any batch being tested. Separate groups
of five rabbits were injected with material from each
batch and with the reference preparation. The
experiment was repeated on different days until
results from groups of 10 or 15 animals per batch
were obtained. The dose used in each instance was
30 000 IU per kg body-weight.

1 Designated sizes of hypodermic needles are in accord-
ance with Draft ISO Recommendation No. 741 concerning
hypodermic needles proposed by Technical Committee
TC 84 of the International Organization for Standardization
(ISO) in February 1964.
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FIG. 5
TRANSVERSE SECTION OF RABBIT AT SITE OF INJECTION a

- ..... .:

a The 2.5-cm needle indicates the angle of Injection and the depth of penetration.

Results
Groups of five rabbits were injected with PAM

1/9469 on seven different occasions. The mean blood
levels obtained from these groups at 24 and 72 hours
are given in Table 4. The differences between the
seven mean values at 24 hours and at 72 hours were
significant but the values for the variance within the
groups of five were homogeneous. Thus the mean
blood levels were being assessed with the same degree
of precision on each occasion, but since the values
for these means fluctuated it would be concluded

that valid comparison between batches could only
be made if they were tested concurrently.
The mean blood levels for the other batches tested

in rabbits are given in Table 5, together with the
relevant PAM 1/9469 results for comparison. Mean
blood levels for each batch at both 24 and 72 hours
were compared with the appropriate values for
PAM 1/9469 by a t test. In addition, where batches
other than PAM 1/9469 had been tested con-
currently they were compared directly. The results
obtained are given in Table 6; taken with the mean
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TABLE 4
MEAN PENICILLIN BLOOD LEVELS OF GROUPS OF FIVE

RABBITS INJECTED WITH PAM 1/9469 a

Blood levels
Date of experiment (IU penicillin/ml serum)

24 hours 1 72 hours

9 April 1962 0.208 0.085

30 April 1962 0.178 0.086

15 May 1962 0.124 0.072

21 May 1962 0.179 0.109

29 May 1962 0.178 0.120

10 Sept. 1962 0.159 0.074

24 Sept. 1962 0.145 0.111

Mean (35 rabbits) 0.167 0.094

a 30 000 IU per kg body-weight.

blood levels (Table 5), they show that these six
batches fall into three groups similar to those noted
when the tests were performed in man, i.e., with
"good ", " medium " and " poor " blood level
duration properties. PAM 5/324 in Group 3 was so

poor that there were no measurable blood levels at
72 hours in the rabbits, and thus no statistical
analysis could be done.

TAE
MEAN PENICILLIN BLOOD LEVELS (lU/ml)

OF PAM I

If those batches tested in both man and rabbits
were graded according to their mean 72-hour blood
levels (Table 7), their division into these three groups
was clear.

In conclusion, Type 3 (described on page 831) was

the only batch behaving differently in the two series;
otherwise the appreciation of blood level duration
properties of different batches was the same in man
and rabbits. (A part of batch PAM 3/427 was
established by the WHO Expert Committee on
Biological Standardization (1963) as the Inter-
national Reference Preparation of Procaine Benzyl-
penicillin in Oil with Aluminium Monostearate.)

CAUSES OF VARIABILITY

Two sources of variation are apparent: first,
the variability of the response in man, following
injections of the same dose of a single batch of
material into a large number of individuals; and,
secondly, the sources of variation inherent in a batch
of material, i.e., the factors giving a batch of PAM
" good ", " medium " or " poor " blood level dura-
tion properties.

Variation in blood level response in man
In order to investigate this problem the clinics

were asked to record the following details about each
patient: race, sex, age, height, weight and occupa-
tion. A large majority of all patients was male, so

ILE 5
PRODUCED BY A NUMBER OF BATCHES
N RABBITS

Dates Batches | No. i | Time after injection (hours)
of fIPA of rabbits

experiments i o per group t 24 j 48 [ 72 [ 96 168

9 & 30 April PAM 1/9469 10 0.193 0.123 0.086 0.046 0.006
1962 PAM 5/324 10 0.241 0.016 0 0 0

PAM 1/9469 10 0.152 0.122 0.090 0.043 0.004
15 & 21 May PAM 5/322 10 0.225 0.118 0.052 0.012 01962

PAM 5/319 10 0.295 0.136 0.039 0.010 0

15, 21 & 29 PAM 1/9469 15 0.160 0.133 0.100 0.047 0.003
May 1962 PAM 2/A431 15 0.152 0.105 0.073 0.035 0.002

9 & 30 April PAM 1/9469 15 0.188 0.153 0.098 0.048 0.001
and 29 May
1962 PAM 3/427 15 0.141 0.103 0.084 0.042 0.007
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TABLE 6
COMPARISON BY t TEST OF MEAN BLOOD LEVELS IN RABBITS AT 24 AND 72 HOURS

PRODUCED BY DIFFERENT BATCHES OF PAM

Time after Batch of PAM a
injection Batch of PAM PAM PAM PAM PAM 1 PAM

2/A431 3/427 5/319 5/322 5/324

PAM 1/9469 _ + + + -

24 PAM 2/A431 - + -

PAM 5/319 + +

PAM 1/9469 + _ + + [b]
72 PAM 2/A431 _ + +

PAM 51319 +

a + = Significant difference at P = 0.05 level;-= no significant difference at P = 0.05 level.
b No statistical analysis possible as there were no measurable blood levels at this time.

that no comparisons could be made between male
and female. Records of the mean day and night
temperature and humidity throughout the period
of testing were obtained from the British Air Mi-
nistry.

Correlation between blood level and chracteristics
of patients. All blood levels obtained at 24 and
72 hours after injection with PAM 1/9469 were

examined to see if there was any correlation with
any of the data relating to the recorded attributes
of the patients. A preliminary investigation of mean

blood levels confirmed the fact that a significant
difference existed between the values obtained at the
different clinics at 24 hours but not at 72 hours. There
was a suggestion of correlation with occupation in
some subgroups and at 24 hours the mean levels
obtained in Negroes were higher than those found
in the white subgroup. The effects of age, height and
weight on blood level were difficult to assess since
it was obvious that all these factors might well be
interacting and cancelling or lessening the effect of
one another. Therefore the results were examined by
multiple regression analysis.

TABLE 7
BATCHES OF PAM GRADED ACCORDING TO THEIR 72-HOUR MEAN BLOOD LEVELS IN MAN AND RABBITS

Man a T Rabbitsa

Mean 72-hour level Mean 72-hour level
Grade I Batch (lU/ml) Grade Batch (IU/ml)

"Good" PAM 2/A431 0.100 "Good " PAM 1/9469 0.094

" Good" PAM 119469 0.091 "Good " PAM 3/427 0.084

" Good" Type 3 0.087 "Good " Type 1 0.074*

"Good" PAM 3/427 0.086 "Good " PAM 2/A431 0.073*

"Good" Type 1 0.073 "Medium" Type 3 0.056*

"Medium" PAM 5/322 0.050* "Medium" PAM 5/322 0.052*

"Medium" PAM 5/319 0.047* "Medium" PAM 5/319 0.039*

"Poor " PAM 5/324 0.006* "Poor " PAM 5/324 0

a Batches which were significantly different (at P = 0.05 level) from PAM 1/9469 under the test conditions and had a lower
mean blood level are indicated by an asterisk (*). Type I and Type 3 material were experimental batches produced by the manu-
facturer of PAM 5 batches, and are described In the text.
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Data used in and derived from this analysis are
given in Tables 8 and 9, and the conclusions drawn
are summarized below.

Blood levels at 24 hours after injection: The clinics had
to be kept separate due to the significant differences
known to exist between them at this time, and the results
were further divided according to race (white or Negro),
but not into occupations, since this would have made the
working groups too small. As there was a significant
correlation between height and weight, height was ignored
when studying the effect of age or weight on blood level.
For the Negro subgroup there was no significant

regression of blood level on age at any of the clinics
(P>0.20) and the slope varied in sign. There ,was, how-
ever, a significant negative regression of blood level on
weight at Clinic B (0.05>P>0.01) and Clinic C (0.05>P
>0.01). But there was no significant regression at
Clinic A, and the slope was positive.
For the white subgroup, the significance of the regres-

sion of blood level on both age and weight was similar at
each clinic, and was highly significant at Clinic C
(P<0.01), significant at Clinic A (0.05>P>0.01), but
not significant at Clinic B (P>0.l0), where the number of
patients per subgroup was only half that at the other two
clinics. The regression of blood level on age was positive
at all three clinics, and that of blood level on weight was
negative at all three.
There was no significant difference in average age and

weight between the white and Negro subgroups within
each clinic (Table 8). However, in each clinic the mean
blood level of the Negro subgroup was higher than that
of the white subgroup, this difference being highly
significant at Clinic A (0.01 >P>0.001), though not
significant at the other two clinics.
As was stated earlier in the report, the 24-hour mean

level for both white and Negro sub-groups at Clinic C
was higher than that at the other two clinics. The
24-hour levels at the former were also more variable
(Table 8), the difference in variance of both white and
Negro sub-groups at Clinic C from the corresponding
groups at Clinics A and B being highly significant
(P<0.001). These variances represent the scatter of blood
levels within the subgroups after the elimination of the
effects due to age and weight.
The 24-hour results therefore show a difference with

race, some evidence of a positive regression of blood level
on age, and a negative regression on weight, but this
regression is not so well defined as at 72 hours.

Blood levels at 72 hours after injection: For blood levels
at this time after injection, results from the three clinics
could be combined, and were then subdivided into white
and Negro groups, and further into three levels of
occupation-light, medium and heavy (see Table 9).
Again the correlation between height and weight was
highly significant (P<0.001) and therefore the effect of
height was ignored.

For the Negro group there was no significant regression
of blood level on age or weight (P>0.20). There was no
significant regression of blood level on weight in the white
group. For blood level on age there was a highly signi-
ficant regression for thf light occupation subgroup
(P<0.001), and a significant regression (0.05>P>0.01)
in the other two occupational subgroups, the slope in all
cases being positive. However, since the sum of squares
due to the regression of blood level on age accounted for
only about one-sixth of the total sum of squares, this
regression was only a minor reason for the total variation
of blood levels between individuals.
Although the regression of blood level on weight was

not significant in any of the subgroups, all the slopes were
negative. Treating the signs of the slopes as having a
binomial distribution, the possibility of six negative slopes
occurring by chance is very low (only 0.016); thus these
results should not be completely discounted.
The difference in mean blood levels between white and

Negro groups that was seen at 24 hours no longer
occurred at 72 hours (Table 9).

Correlation with climatic conditions. An examina-
tion ofPAM 1/9469 blood levels at 72 hours together
with the mean day temperature and humidity
throughout the period of testing showed that there
was no obvious correlation with either factor. It
should be pointed out that during this time both
temperature and humidity fluctuated frequently
within a relatively narrow range. Thus it cannot be
said that a climate having longer, settled periods of
more extreme conditions would have no effect on
blood level.

Reasons for variation between clinics. A possible
explanation for this type of variation might be a
basic difference in the technique of injection. How-
ever, the only differences reported between the three
clinics were in the size of needle used and the depth
of the intramuscular injection, and these were slight
and not clearly defined. To investigate this point,
patients at Clinic C were injected with PAM 1/9469
using a shorter needle and a technique similar to that
in use at Clinics A and B.
The results showed that the change in technique

altered the mean blood levels in the expected direc-
tion, but they were still different from those at
Clinics A and B. Thus the mean 24-hour level by the
new technique was significantly lower than previous
levels using PAM 1/9469 at Clinic C (0.01 > P>
0.001), but still significantly higher than levels at
Clinics A and B (0.02>P>0.01). The similarity
between 72-hour levels at all clinics was unaltered.
A further possible difference in technique could

be in the method of cleaning and preparing the
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syringes used; for instance, any traces of detergent
left in them might affect the rate of absorption. Cli-
nic A used disposable syringes, Clinic B had a
syringe service which was responsible for cleaning
syringes throughout the hospital, and Clinic C
cleaned its own syringes which were first treated with
cetrimide BP. It might be expected that the differ-
ences between three London clinics which work
closely together and have exchanged technicians in
the past would be far less than between clinics and
laboratories much more widely separated throughout
a number of countries.

Variation due to differences in serum binding. It
was known that certain antibiotics when in blood
become bound to the serum proteins. In the case of
penicillin this is a reversible binding which does not
destroy the antibiotic, though the bound form is
inactive. Sufficient dilution of the serum with phos-
phate buffer will recover all the activity, but, under
the conditions of diffusion assay being used, the
total penicillin present in the serum samples was not
apparent since they were assayed undiluted against
standard solutions in phosphate buffer. When,
however, samples were treated electrophoretically
in agar before assay (Lightbown & de Rossi, 1965),
the penicillin was separated from the serum albumin
to which it had been bound, and the total activity
could then be measured. The difference between the
assay results by this method and the standard
technique gave an estimate of the amount of
" binding " of penicillin to serum protein although
the full amount of binding was not apparent, since
there would be some dissociation of the antibiotic-
protein complex during diffusion.
A number of serum samples from the PAM study

were assayed by both techniques simultaneously,
i.e., standard plate diffusion assay and assay after
electrophoresis. The difference in potency between
the two methods was found, and this figure, ex-
pressed as a percentage of the total penicillin present
(from the electrophoresis assay), is reported here
as the percentage " binding ". Results for 16 serum
samples are given in Table 10 and they show that
a degree of " binding " occurred with all samples,
ranging from 2.7% to 29.0 %, with a mean of
11.6%.

Statistical analysis based on the log potency
ratios from these 16 samples showed that " binding "
was highly significant (P<0.001). Further analysis
showed that the difference between sera in the
degree to which they bound penicillin was significant
and not just due to random variation.

TABLE 10
PERCENTAGE " BINDING" OF PENICILLIN BY 16 HUMAN

SERUM SAMPLES

Index No. % "binding"

24-hour serum samples
A 5536 4.2

A 5490 12.9

A 5564 4.0

A 5540 16.0

L 4884 5.2

M 5012 11.4

A 5470 19.1

W7314 19.5

W 9236 13.0

A 5384 10.5

W 9240 2.7

W 8992 5.2

E 53842 7.6

48-hour serum samples

A 5442 29.0

A 5540 15.4

A 5538 9.6

This variation in serum binding, which has been
confirmed in later experiments using other techniques
(Bond et al., 1963), could in part account for blood
level variation between patients. An assay method
which measured total or free penicillin in serum
would be most useful, but in practice this is very
difficult. The electrophoretic assay which measures
total penicillin is a complex technique which can
only be used for a small number of samples. Other
workers have used a solution of bovine serum
albumin as a diluent for their standard solutions,
since this also binds penicillin, but the degree of
binding varies with the strength of the bovine
albumin solution. Such an assay will measure total
penicillin if the correct concentration of albumin
is used. But as the amount of serum binding varies
from patient to patient, the strength of the bovine
albumin diluent used should also be varied accord-
ingly, a procedure which is impracticable. Through-
out this study all serum samples have been assayed
against standards diluted in phosphate buffer, in
the knowledge that differences due to serum binding
will exist, but on the assumption that the use of
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large groups of individuals will reduce this effect.
The values reported will represent the " free " level
more nearly than the total.

In conclusion, the variability in the responses of a
group of humans to injections of a single batch of
PAM remain largely unexplained. Initially it was
hoped that if the causes of variability could be
determined, they could then be eliminated in further
studies in humans. This still remains impossible;
therefore, if batches of material are to be compared
in humans, it is essential to use large enough groups
of subjects per treatment to overcome this inherent
variability.

Variation inherent in batches of PAM

In collaboration with the manufacturer of the
batches in the series numbered PAM 5, an attempt
was made to find what properties of the PAM were
causing variation in normal production batches.
This company manufactures PAM under licence
from the patent holders, and, so far as can be
ascertained, the method used is identical with that
of the patent holders.
The chemical development department of the

company prepared, in the laboratory, a number of
batches varying in certain respects from the usual
formula. These were:

Type 1, made according to the current formula for
large-scale production material, using the same type of
aluminium monostearate and the same size of procaine
penicillin particles. The particles used were 100% <5 I
in diameter. This material, which was expected to be
identical with previous production batches made by this
firm, was prepared on a laboratory scale and acted as a
control for the other laboratory-made batches. It was
tested in man at all three clinics.

Type 2, the aluminium monostearate used being a
sample of the material used by the patent holders in the
production of PAM (particle size: 100% <5 4).

Type 3, using Higel,1 a grade of aluminium mono-
stearate producing a very high viscosity gel (particle size:
99%<5 u; 1 % 5 ,u-10 4).

Type 4, using Nogel 1 aluminium monostearate, pro-
ducing a very low viscosity gel (particle size: essentially
100% < 5 u; occasional particle, 10 4).
Type 5, using aluminium stearate from a different

source,2 which, however, complied with the patent
holder's specifications (particle size: essentially 100%
<5 ,; occasional particle, 10 ).

1 A. Boake Roberts & Co. Ltd.
2Durham Raw Materials Ltd.

Type 6, made according to the manufacturer's produc-
tion formula except for the very small size of the procaine
penicillin particles. These were produced by a special
milling method and the particles were almost 100% < 2 p
in diameter. This material was unusually thixotropic and
viscous, due to the small particle size. Since it was very
difficult to inject, most of the batch was put up in single-
dose cartridges and injected using special syringes.

Type 7, made according to the normal formula but with
a larger over-all particle size: 82% < 10 p; 15%, 10 z-
20 u; 3%, 20 p-50 p.
The mean blood levels obtained using these

materials in man are given in Table 11. At 72 hours
there was no significant difference between the three
clinics using Type 1. These results were therefore
combined and compared with each of the other
laboratory batches. The results are listed below:

Type 2 (patent holder's stearate): not significantly
different from Type 1 at 72 hours (P>0.I0).

Type 3 (Higel stearate): the mean 72-hour level was
higher than that of Type 1, but not significantly so
(P>O.I0).

Type 4 (Nogel stearate): the mean 72-hour level was
much lower than Type 1. These results could not be
analysed as there were too many zero results from Type 4
at 72 hours.

Type 5: not significantly different from Type 1 at
72 hours.

Type 6 (small particle size): at Clinic B there was no
significant difference between Types 1 and 6 (P>0.10),
although the mean level for Type 6 was higher. At
Clinic C, Type 6 was significantly different from Type 1
(P < 0.001), and the mean level of Type 6 was higher.
However, if Type 6 at Clinic C was compared with the
same material at Clinic B there was no significant dif-
ference between them (0.10 > P > 0.05).

Type 7 (large particle size): at both Clinics B and C the
mean level was much lower than that of Type 1, especially
at Clinic C. These results were not analysed because of
the large number of zero results. The 48-hour mean levels
of Type 7 were also much lower than those of Type 1.

These results showed that particle size was
important, material with a large particle size having
poor blood level duration properties. This result
confirmed the original patent,3 which claimed this
effect of particle size, but based the claim on very
doubtful evidence. A preparation with very small
particle size had improved blood level duration
properties, but was so thixotropic and viscous that
it was almost impossible to get in and out of a nor-

3 US Patent No. 2,507.193 (1950).



J. M. BOND AND OTHERS

TABLE 11
MEAN PENICILLIN BLOOD LEVELS (lU/mI) FOR EXPERIMENTAL BATCHES OF PAM IN MAN

24 hours 48 hours 72 hours
Type of PAM Clinic No. Mean No. Mean No. Mean

of samples blood level of samples blood level of samples blood level

A 34 0.171 29 0.116 28 0.071

1 B 33 0.172 15 0.107 17 0.071

C 24 0.211 20 0.122 20 0.078

2 C 30 0.237 29 0.143 27 0.079

3 A 38 0.221 30 0.143 25 0.087

4 B 28 0.265 25 0.092 11 0.030

5 A 29 0.291 23 0.172 19 0.079

6 B 10 0.113 7 0.085 6 0.085
(in vials) a

C 11 0.170 9 0.121 10 0.103

6 B 28 0.111 15 0.100 13 0.084
(in cartridges) b

C 32 0.149 26 0.129 18 0.105

6 B 38 0.111 22 0.095 19 0.085
(total)

C 43 0.154 35 0.127 28 0.104

7 B 31 0.231 26 0.069 18 0.022

C 23 0.236 18 0.045 17 0.008

a Injected normally.
b Injected with a special syringe.

mal syringe; there is obviously a practical limit to
the particle size that can be used. The monograph on
requirements for PAM (WHO Expert Committee
on Venereal Infections and Treponematoses, 1953)
stated only that not less than 65%o of the particles
should not exceed 5 ,. PAM 1/9469 material was
found to have a somewhat smaller particle size than
PAM 3/300 and PAM 5/310, but all these batches
comply with the requirement. The only type of
stearate to affect the PAM significantly was the
Nogel in Type 4, which produced material having
poorer blood level duration properties. This might
suggest that viscosity was an important factor but
no precise method of measuring viscosity on small
amounts of material was available.
Type 1 was made up in the laboratory as a control

using the same materials as in previous "pro-
duction " batches of PAM 5, but it can be seen by a
comparison of mean blood levels (Tables 11 and 2)
that Type 1 produced higher levels at 72 hours than

any of the six PAM 5 production batches previously
tested; in eight out of 10 comparisons this difference
was significant. The difference had been caused by a
change in the scale of production only, not in any
of the constituents. A similar difference was seen
between PAM 5/324 and the other production
batches from the same company. These were all
made according to the same formula, and, so far as
could be ascertained, by the same method, yet
PAM 5/324 was significantly poorer than the others.

Several years ago a plate diffusion test for the
evaluation of batches of PAM was proposed by
the patent holders (according to a 1952 report of the
Food and Drug Administration), but it was aban-
doned because the results could not be correlated
with the blood levels obtained in man. This test
was based on the idea that, if samples of PAM were
allowed to diffuse through agar seeded with a
penicillin-sensitive test organism, then a small zone
of inhibition should indicate a slow rate of diffusion
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and therefore " good" material. Conversely a large
zone would indicate a batch with poor blood level
duration properties.
The original technique was modified slightly to

remove some obvious sources of variation, and then
used to compare a number of batches of PAM pre-
viously tested in man. In this diffusion test, batches
behaved differently from one another, but the diffe-
rences did not correlate with the blood level results
in man. Thus there was no consistent difference
between PAM 5/319, PAM 5/300, PAM 3/427 and
PAM 4/67658 by this diffusion method; and PAM
5/324, the very poor material in both man and
rabbits, was as good as, and in some cases better
than, these four batches.

It was noticed during the diffusion tests that some
batches spread out over the surface of the agar
more than others, but this effect could not be re-
produced consistently. If drops of oily PAM sam-
ples were put on an agar surface which was then
flooded with water, the batches varied in the degree
to which they mixed with the water. This difference,
although it could not be measured precisely, showed
some agreement with blood level results in man-
e.g., PAM 5/324 mixed very readily; PAM 5/319
and PAM 5/310 stayed as discrete drops but mixed
easily when touched with a platinum loop; whereas
PAM 1/9469 and PAM 2/A431 stayed as discrete
drops and were difficult to mix with the water.
Each vial of PAM was shaken thoroughly by

hand before use since variation in response could
occur if this mixing was not satisfactory. In extreme
cases (e.g., of certain batches of material which had
been undisturbed for a long time) it was obvious
that normal mixing was insufficient since a layer of
congealed material remained at the bottom of the
vial. In such cases it was necessary to open the vial
and actually stir the contents in order to mix tho-
roughly. An attempt was made to investigate
homogeneity of the suspension using physical
methods of estimation of the penicillin. A number
of aliquots (0.2 ml each) taken from a single vial
were each dissolved in 10 ml chloroform, and the
antibiotic extracted from this into phosphate
buffer pH 7.0, by two extractions each with 15 ml
of buffer. The amount of penicillin in the pooled
extracts was estimated spectrophotometrically, by
measuring absorption at 289.5 m,z and comparing
with a standard of procaine penicillin. Vials from a
number of batches were examined in this way, but
although certain batches were always more variable
than others, these results only partially agreed with

differences in variability shown in experiments in
rabbits.

Mixing samples by shaking on a mechanical shaker
gave a more controlled and repeatable degree of
agitation, but might be difficult to standardize
between several laboratories. Certainly only manual
shaking will be employed before vials of PAM are
used therapeutically in the field, therefore material
which cannot be thoroughly mixed by manual
shaking should possibly be rejected as poor material.
If heterogenicity within vials was found to be impor-
tant, this should be controlled by physico-chemical
tests rather than by a test based on duration of
blood level in a group of animals.

In summary, it can be said that both particle size
and type of aluminium monostearate affect the
penicillin blood level duration properties of PAM.
Whether these factors have a direct effect or an
indirect one by influencing some physical property
such as viscosity is not known. It is, however, clear
that uncontrolled variables in the manufacturing
procedure are important. These results suggest that
a physical test might be developed to give a prelimi-
nary indication of the properties of a batch of PAM,
but in view of the complex nature of blood level
duration it is unlikely that it could replace a test
involving the estimation of actual blood levels in
animals or man, except from the point of view of
heterogenicity within the vial.

Variation in the blood level response in rabbits
A successful blood level duration test in rabbits

depends on a relatively low variability in response
between animals, and so far as possible all conditions
of any test should be such as to reduce variation to a
minimum.

It has been shown (page 825) that the mean 72-
hour blood level of groups of rabbits injected with
batch PAM 1/9469 varied significantly from week
to week, and therefore only results from animals in-
jected on the same day could be compared. Standard
material had to be injected parallel with test samples.
It was also shown in earlier rabbit work and in the
present study that a cross-over design did not
minimize the effects of variability. The variables
likely to affect the blood level response of a group
of rabbits injected on the same day are considered
in this section.

Strain of rabbit. The 72-hour blood levels pro-
duced by the International Reference Preparation
(Batch PAM 3/427) in groups of rabbits of three

7
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TABLE 12
EFFECT OF STRAIN DIFFERENCES IN RABBITS

ON 72-HOUR BLOOD LEVELS FOLLOWING INJECTIONS
OF A FIXED DOSE OF INTERNATIONAL REFERENCE

PREPARATION ON SEVERAL OCCASIONS

Strain No. of Range of means Range of variancesof rabbit groupsi__ _ _Rneovaacs

Sandy lop 2 0.091-0.101 0.0005-0.0023

Himalayan 6 0.096-0.157 0.0002-0.0070

Dutch 1 0.104 0.0021

different strains (Sandy lop, Dutch and Himalayan)
injected on different occasions were compared. All
injections were made by one operator, giving 0.2 ml
per animal. The strain of animal appears to have no
marked effect on the variability of 72-hour blood
levels and the same dose of the International Re-
ference Preparation was suitable for all three strains
(see Table 12).
From a practical point of view, Sandy lop rabbits

were preferred, since these were docile and easy to
handle, making injection into the muscle more cer-
tain. The Dutch rabbits had extremely tough skin
on the back which could only be pierced with
great difficulty with the needles used in this study
(23 gauge; length 2.5 cm).

It was considered desirable that all animals used
in a comparison (i.e., injected on the same day)
should be of the same strain and should also be
housed under identical conditions. Larger cages,
allowing more movement, might have affected the
rate of dispersion of the oil depot in the muscle.
Since irregular water consumption might have
affected the rate of urinary excretion and therefore
the rate of elimination of penicillin from the blood-
stream, the rabbits were kept under uniform con-
ditions with ample water for several days before
injection as well as during experiments.

Weight of rabbit. After the injection of a fixed

dose of a number of batches of PAM, no correla-
tion could be observed between the 72-hour blood
levels and the weights of the rabbits, which varied
from 1.6 kg to 2.85 kg.

Technique ofinjection. In all the rabbit experiments
in the present study the injection of PAM was made
into the paravertebral muscles of the back, in the
lumbar region, an attempt being made to place the
oily material into the centre of the muscle mass.
(Fig. 5). An oily residue remained in the muscle for
four to six weeks after injection, and its site in the
muscle could be seen by dissection. It was usually
spread out between muscle fibres in a small area well
away from the outer edge of the muscle mass.
Occasionally some oily material leaked back along
the needle track. Dissection was useful to check the
technique of injection being used. For several days
(7-14) after the penicillin blood level had fallen
below that detectable by assay (0.01 IU/ml), penicillin
(confirmed using penicillinase) could be recovered
from the oily residue in the muscle.
An injection going too deep and through the

muscle, or one which was too superficial and really
subcutaneous, would not give a true intramuscular
depot of oil and antibiotic and might be expected to
affect the rate of diffusion of penicillin from the oil
into the blood-stream. For all except very small
animals within the stated weight range the injection
was estimated to reach the centre of the muscle mass
when the size-6 needle 1 was inserted to a total depth
of 19 mm.

Abnormal excretion. In two rabbits which died
four and five days after injection, the 72-hour blood
levels were abnormally high, suggesting that the
excretory systems of these animals, during the test,
were not functioning normally. Because of this the
results obtained from any animal which died within
five days of injection were excluded from the experi-
ment.

THE 1963 BLOOD-LEVEL DURATION TEST FOR PAM

On the basis of the data described, the blood-level
duration test in the Requirements for Procaine
Benzylpenicillin in Oil with Aluminium Mono-
stearate was drawn up (WHO Expert Committee
on Biological Standardization, 1964). The test
compares the mean blood levels obtained in balanced
groups of rabbits injected on the same day, one group

with a fixed dose of International Reference Pre-
paration and other groups with the same dose of
unknown batches. The use of a fixed dose in the
test is in accordance with the recommended pro-
cedure for this type of animal assay (Finney, 1952).

1 See page 824 and footnote.



EVALUATION OF BLOOD LEVEL DURATION PROPERTIES OF PAM

The ratio of the mean blood levels and the confi-
dence limits (P = 0.01) of the ratio are calculated.
In order for a batch to be considered satis-
factory the lower confidence limit should be greater
than 0.5.

Theoretically this requirement allows a batch
50% as good as the International Reference Pre-
paration to pass, but in practice a batch must be
appreciably better than this. A batch with a ratio
of 0.55 would require confidence limits of <±10%
in order to pass. Such limits could only be obtained
with a very large number of rabbits per group. We
have commonly obtained limits of ±30% with
groups of 20 rabbits on both sample and test; thus
one might expect a batch giving a ratio of 0.6 to
pass when tested using two groups of 20 rabbits.
Satisfactory materials, giving a ratio approaching
1.0, will obviously pass with wider confidence limits
and hence the use of less rabbits.
The value of 0.5 was chosen arbitrarily, and in

practice it ensures that material should be at least
approximately 60% as good as the International
Reference Preparation. A number of batches of
PAM, some of which were being used in WHO/
UNICEF-assisted treponematosis control projects,
originating from different manufacturers and coun-
tries of origin, have been submitted to the test.
Table 13 shows a summary of the results obtained
and indicates the total number of rabbits used in each
group (test and standard).

A)

TABLE 13
RESULTS OBTAINED IN BLOOD LEVEL DURATION TESTS a
IN RABBITS ON PAM BATCHES OF VARIOUS ORIGINS

Batch I o frbis [Lower
of n oablts Ratio confidence Result

PAM b jIn final group limit I______

1 5, 5 1.109 0.781 Pass

2 5, 5 0.958 0.637 Pass

3 5, 5 1.584 0.575 Pass

4 10,10 1.163 0.763 Pass

5 10,10 0.900 0.502 Pass

6 10,10 1.187 0.739 Pass

7 10,10 1.148 0.828 Pass

8 10, 9 1.360 0.581 Pass

9 10, 20 0.607 0.321 Does not pass

10 28, 27 0.733 0.477 Does not pass

11 24, 24 0.759 0.272 Does not pass

12 10, 9 0.848 0.591 Pass

13 15, 15 0.590 0.353 Does not pass

14 5, 5 1.111 0.612 Pass

15 5, 5 1.017 0.561 Pass

16 30, 29 0.720 0.506 Pass

17 25, 25 0.688 0.448 Does not pass

a The reference preparation used was the International
Reference Preparation, except In the case of batches 12-17, for
which PAM 1/9469 was used.

b These 17 batches were produced In eight different coun-tries by eleven manufacturers. Batches 1-8 were being usedin WHO/UNICEF-assisted treponematosis control projects.

nnex

NOTE ON DEPOT PREPARATIONS OF PENICILLIN PREPARED AS AQUEOUS SUSPENSIONS

It is important to realize that the Requirements for
Procaine Benzylpenicillin in Oil with Aluminium
Monostearate, and the work described in this paper
which led to their formulation, apply only to a
particular type of preparation. It has been suggested
that depot penicillins based on an aqueous suspen-
sion of benzathine penicillin might be evaluated
relative to oily suspensions of procaine benzyl-
penicillin by means of the blood level test described
in the Requirements. The problem here is, however,
a different one from that already dealt with. The
aim of the evaluation would be to compare in rabbits

two unlike materials (oily and aqueous suspensions)
in the hope that the results would demonstrate their
relative value when used in man. The use of the
PAM blood level duration test in this way would be
completely unjustified without parallel studies of
both types of depot preparations in man and rabbits.
The control of variations in quality between

batches of a particular formulation of aqueous
suspension of insoluble penicillin salt can apparently
be exercised adequately by means of chemical and
physical tests, and biological control has not been
found necessary.
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RIISUMt

r Le maintien dans le sang d'un taux de penicilline suffi-
sant est un des principaux facteurs du succes ou de
1'6chec d'un traitement par cet antibiotique, particuliere-
ment important au cours de campagnes de sant6 publique
oii une seule injection de benzylpenicilline procaln6e dans
l'huile additionn6e de monost6arate d'aluminium (PAM)
est utilis6e. Une m6thode par diffusion sur g6lose utilisant
la croissance de Sarcina lutea permet de doser des taux
de penicilline inf6rieurs a 0,02 UI/ml dans des s6rums de
lapin et d'homme. Les normes applicables aux pr6para-
tions de PAM, publi6es par 1'OMS, exigent que la p6ni-
cillin6mie apres 72 heures soit sup6rieure a 0,03 UI/mi
chez au moins cinq sujets humains sur dix. Les auteurs
ont entrepris une 6tude pour comparer les taux sanguins
de p6nicilline obtenus apres emploi de diff6rents lots de
PAM et pour comparer les r6sultats de l'6preuve sur
lapin aux dosages chez l'homme. Des porteurs de gono-
coques ont requ chacun une injection de PAM. Les
nombreux renseignements (age, poids, etc.) recueillis A
leur sujet ont ete examin6s par de multiples analyses de
r6gression. Aucun de ces el6ments n'a de corr6lation
significative avec les larges variations des taux individuels

de p6nicillin6mie apres 24 et 72 heures, observ6es avec
diff6rents lots; ni les propri6t6s physiques, ni les pro-
pri6t6s chimiques d'un lot ne permettent de pr6voir cette
variation.

L'6tude de la persistance de la p6nicillin6mie chez le
lapin a montr6 qu'elle refl6tait les r6sultats obtenus chez
l'homme. Cet examen pouvait donc etre utilise pour
d6terminer la valeur clinique des lots. L'6preuve de
persistance de la p6nicillin6mie chez le lapin a et6 incluse
dans les normes applicables aux pr6parations de PAM
publi6es par l'OMS en 1964; elle remplace l'6preuve chez
l'homme et permet de comparer tous les lots A une
pr6paration standard de PAM choisie comme pr6paration
internationale de r6ference.

Les avantages de la nouvelle m6thode sont de substituer
un controle d'activit6 chez l'animal A celui qui se faisait
chez l'homme, de mesurer une r6ponse biologique relati-
vement A une pr6paration de r6f6rence et de fournir des
rdsultats dont la signification peut etre evalu6e statistique-
ment. Cette epreuve est limit6e au PAM et ne peut etre
appliqu6e aux suspensions aqueuses de benzathine p6ni-
cilline ou d'autres sels de cet antibiotique.

REFERENCES

Bond, J. M., Lightbown, J. W., Barber, M. & Water-
worth, P. M. (1963) Brit. med. J., 2, 956-961

Eagle, H. (1948) Ann. intern. Med., 28, 260
Finney, D. J. (1952) Statistical method in biological assay,
London, Griffin, pp. 323-354

Lightbown, J. W., Mussett, M. V. & Sulitzeanu, D.
(1958) Bull. Wld Hlth Org., 19, 1085-1091

Lightbown, J. W. & Rossi, P. de (1965) Analyst (Lond.),
90, 89-98

Lightbown, J. W. & Sulitzeanu, D. (1957) Bull. Wld
Hlth Org., 17, 553-567

WHO Expert Committee on Biological Standardization
(1955) Wld Hlth Org. techn. Rep Ser., 96

WHO Expert Committee on Biological Standardization
(1957) Wid Hlth Org. techn. Rep. Ser., 127, 14

WHO Expert Committee on Biological Standardization
(1959) WK Hlth Org. techn. Rep. Ser., 172, 7

WHO Expert Committee on Biological Standardization
(1960) Wid Hlth Org. techn. Rep. Ser., 187, 8

WHO Expert Committee on Biological Standardization
(1963) Wid Hlth Org. techn. Rep. Ser., 259, 11

WHO Expert Committee on Biological Standardization
(1964) Wld Hlth Org. techn. Rep. Ser., 274, 49-54

WHO Expert Committee on Venereal Infections
and Treponematoses (1953) Wld Hlth Org. techn. Rep.
Ser., 63


