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Long-acting and Therapeutic Properties
of Some Soviet and Other Penicillin Preparations

in Experimental Conditions*
N. M. OVCINNIKOV1 & S. E. KORBUT'

The authors describe the results of studies carried out in rabbits infected with syphilis
on the therapeutic properties and duration of penicillinaemia of a number of penicillin
preparations manufactured in the USSR and of certain others from Czechoslovakia and
the USA. These products were studied after intramuscular administration, mainly in doses
of 42 000, 84 000 or 168 000 units per kg of body-weight.

With all the preparations tested, the first of these doses proved inadequate. Almost, all
however, gave satisfactory short-term and long-term results at 84 000 or 168 000 units,
but the optimum manner of administration (number of injections and interval between
injections) varied according to the preparation. One Soviet and one American preparation
showed a considerably lower degree of long-term therapeutic activity and penicillinaemia,
although providing a satisfactorily high level ofpenicillin in the bloodfor the first few hours
after administration.

The authors also discuss the reasons for the painfulness of injections of long-acting
penicillin and the causes of complications such as embolism following administration.

Repository penicillin preparations have become
widely used throughout the world in the treatment
of syphilis patients. The advantage of these prepara-
tions is that they save the patient a large number of
penicillin injections and frequent visits to the doctor
while exerting an adequate therapeutic effect.

All these preparations are in general based on the
same principle as PAMF (procaine penicillin F
with aluminium monostearate in oil; 300 000 IU of
penicillin/ml) or Bicillin (benzathine penicillin), or a
combination of the two, sometimes with the addi-
tion of crystalline penicillin. The relative amounts
of the ingredients making up these preparations
have differed according to the tasks the antibiotic
has been required to perform. Both the long-acting
and the therapeutic effects of the preparations
obtained therefore differ to a certain extent.
These preparations are produced in many coun-

tries.

* From the USSR Central Skin and Venereal Disease
Research Institute, Moscow, USSR.

1 Professor, and Head of the Department of Microbio-
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Some differences in the method of manufacture
in different countries and in the relative amounts of
the various ingredients used in making up the
different preparations, although they are sometimes
very similar in composition, the differences in
methods of treating syphilis patients with them and
also the differences in methods of determining their
concentration in the organism, all make it impossible
to carry out even an approximate comparative
evaluation. And yet comparative study is essential.
In view of this it was decided to report in this paper
on part of our research on the comparative study of
the long-acting and therapeutic properties of some
Soviet and other preparations under experimental
conditions. The use for this investigation of the
system of methods adopted in the USSR both in
studying penicillin levels and in treating syphilitic
rabbits with various penicillins makes it possible to
compare the effectiveness of the preparations. As a
matter of policy no material from the literature on
this problem is being quoted, since it would again
be necessary to make reservations regarding the
differences in methods of research and so on,
particularly since study of the Soviet preparations in
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experimental syphilis was begun long ago and has
been carried out in detail in our Institute and because
apart from our own research we know of no com-
parative studies of Soviet and non-Soviet prepara-
tions.

METHODS OF STUDY

In all the investigations reported here, the rabbit
was used as the experimental animal.
The level of penicillin in the blood was determined

by the micromethod of Ermol'eva & Ved'mina
(1952), using phenol red (see the Annex for details
of this test); and the level of excretion in the urine
was determined by the cylinder-plate method.
Staphylococcus aureus strain 209 was used as the
test organism.
The study of the therapeutic activity of the various

preparations was carried out on rabbits infected with
syphilis intracutaneously in the scrotum with
strains VIII, XII (CKVJ) and I Irkutsk. The
experiments were carried out on rabbits with well-
developed chancres, with a large number of tre-
ponemes in the chancre puncture fluid, and with
positive reactions to the standard serological tests.
Rabbits were taken for treatment on the average
seven weeks after infection, and when the prepara-
tion under study had been administered they were
kept under observation in order to discover after
what period active movement of the treponemes
ceased, when the treponemes disappeared, when the
chancre was reabsorbed and when the serological
reactions became negative (Wassermann reaction, a
test with cardiolipin and two non-specific antigens,
the Kahn test, and the citochol test). Transfers of the
popliteal lymph-nodes were made from the treated
rabbits to two healthy rabbits in two passages.
Transfer of the nodes was carried out at least 41/2-6
months after the end of treatment. When the results
of transfer were negative, lymph-nodes were again
transferred from these rabbits to two further healthy
rabbits. These " indicator " rabbits were also kept
under clinical observation for 41/2-6 months and
subjected to regular serological tests. From those
first-passage rabbits in which serological reactions
were positive, the second passage was made later
(after the serological reactions had become negative,
sometimes after eight months). Both the treated
rabbits and the indicator rabbits were reinfected with
the same strain as that with which they had been
first infected, the former 10-14 days after removal of
the lymph-nodes for transfer and the latter after five
to six months.

NOVOCILLIN AND EKMONOVOCILLIN

Several preparations have been issued in the
Soviet Union. One of the first of these was Novo-
cillin. This consists of a procaine salt of penicillin
in peach-kernel oil with a stabilizer. One millilitre
of suspension contains 300 000 IU of penicillin and
0.12-0.13 g of procaine in terms of free base. Novo-
cillin has the appearance of a yellowish mass and
stratifies to some extent when stored. Intensive
mixing makes the preparation uniform and viscous.
It is administered intramuscularly. Ermol'eva &
Ved'mina (1952), who suggested the use of this
preparation, determined, by means of experiments on
dogs, that after intramuscular injections of Novo-
cillin in doses of 5000, 10 000 and 30 000 units per
kg of body-weight penicillin can be detected in the
blood for between 36 and 96 hours. These same
authors have proposed yet another long-acting
preparation-Ekmonovocillin. It consists of the
procaine salt of penicillin together with Ekmolin
(triprotamine). Ekmolin is obtained from certain
species of fish and itself possesses slight long-acting
and bactericidal properties. According to investiga-
tions by Vjaseleva (1954a, 1954b), it exerts some
destructive effect on Treponema pallidum.
When Ekmonovocillin was administered intra-

muscularly to dogs in a dose of 5000 units per kg of
body-weight, the antibiotic was found in the blood
for as long as 36 hours. Both these preparations
were subjected to thorough experimental study.
The concentration of penicillin in the blood serum,
its excretion in the urine and its level in organs and
tissues were determined, and muscle tissue taken
from the site of injection of the Novocillin and
Ekmonovocillin was subjected to pathomorphologi-
cal examination after intervals ranging from one day
to 30 days. The therapeutic activity of these prepara-
tions was studied in experimental rabbit syphilis.
The control animals were given a corresponding
amount of penicillin in an aqueous solution. Al-
together 258 rabbits were used in the study of the
concentration of these preparations in the blood
serum. Of these, 107 were given Novocillin, 61
Ekmonovocillin, 88 the aqueous solution of penicillin
and two Ekmolin. Originally the experiments on the
penicillin blood levels were carried out after single
intramuscular injections of 4000, 16 000 and 32 000
units of Novocillin per kg of body-weight had been
given to the various groups of rabbits. The same
amount of crystalline penicillin was administered to
the control group of animals. These doses were
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selected because they corresponded to the most
common dosages of crystalline penicillin used for
treating syphilitic rabbits by the usual method:
42000, 84000 and 168000 units per kg of body-
weight in a course of treatment with daily adminis-
tration over a period of seven days.

Duration ofpenicillinaemia
The maximum concentration of penicillin in the

blood serum after administration of an aqueous
solution of benzyl penicillin is recorded after 15
minutes. After 45 minutes the penicillin level falls
rapidly, after two hours there is a very small quantity
still present, and after three to five hours it has
disappeared. After administration of Novocillin,
however, the highest concentration is noted after
one hour. After two and three hours the antibiotic
is still found in considerable quantities and then the
level falls gradually, but Novocillin is still found for
various periods depending on the dose administered.
Thus Novocillin administered in a dose of 4000 units
per kg of body-weight was not found after five to
seven hours, whereas when administered in a dose of
32 000 units per kg of weight it was found in the
blood for roughly 25 hours.

Ekmonovocillin administered in the same doses
could be detected in the blood serum only for half
the time during which Novocillin was detectable.
If a single dose of 84 000 units of crystalline penicillin
per kg of weight is administered, the concentration of
penicillin reaches 120 units after 30 minutes, falls to
25 units after an hour and cannot be detected after
seven hours (Tables 1 and 2). After the administra-
tion of Ekmonovocillin in the same dose, however,
the level after 30 minutes is roughly six times as low
as after administration of crystalline penicillin but
the level after three hours is twice as high; it could
still be detected in the blood serum of the rabbits for
a period of 48 hours and in some cases for 72 hours.
For that reason it is advisable, when using Ekmono-
vocillin for the treatment of human syphilis patients,
to administer it twice every 24 hours. In view of the
fact that Novocillin can be detected in the blood
serum for twice as long (Table 3), it should be
administered once a day. It should be noted that
this study of the penicillin level in the blood serum
revealed wide individual fluctuations between
different rabbits.

Penicillin can be detected in the urine for a long
time after administration of these preparations.
After administration of an aqueous solution of
penicillin in a dose of 4000 units per kg it is excreted

with the urine for six hours, after a dose of 16 000
units per kg for eight to 10 hours and after 32 000
units for 12 hours. Novocillin given in these two
latter doses is found for 22-48 and 48-72 hours
respectively. After administration of Ekmonovocillin
in the same doses penicillin is excreted roughly
twice as quickly as after the administration of
Novocillin.

Research by Korbut (1959) has shown that thera-
peutic levels of penicillin can be detected in the
internal organs of rabbits for a long time after
administration of Ekmonovocillin and Novocillin
(Table 3). It is clear that the difference in the blood-
serum level between Tables 1 and 3 is due to the
different doses of Ekmonovocillin administered.

Therapeutic activity
The therapeutic activity of Novocillin and

Ekmonovocillin was studied in 373 rabbits, of
which 71 were treated with Novocillin, 54 with
Ekmonovocillin and 49 with an aqueous solution of
benzyl penicillin. Altogether 199 healthy rabbits
served as indicators. The preparations were tested
in total doses of 42 000, 84 000 and 168 000 units
per kg of body-weight, in a seven-day course with
one or two injections per day. It was established
that a total dose of 42 000 units per kg leads to the
disappearance of treponemes after 72-216 hours in
rabbits treated with Novocillin once a day. When
Ekmonovocillin is administered the treponemes
disappear after 144-192 hours; or after 96-168
hours if it is given twice a day. When rabbits are
treated with a dose of 84 000 units the treponemes
disappear earliest in rabbits given Novocillin (after
24-120 hours) or an aqueous solution of penicillin
every four hours (after 36-72 hours). In the control
rabbits, which were given an aqueous solution of
penicillin twice a day, the treponemes disappeared
after 72-192 hours. In rabbits treated with one
injection of Ekmonovocillin daily for seven days,
the treponemes disappeared after 72-120 hours, and
with two injections a day, after 24-144 hours. When
the whole dose of Ekmonovocillin for the course
was given in one injection the treponemes disappeared
with the 42 000-unit dose after 72-152 hours, with
the 84 000-unit dose after 48-152 hours, and with the
168 000-unit dose after 120 hours.
After treatment with all the above preparations

resorption of the chancres began after 10-43 days,
depending on the strain of treponemes, the degree
of development of the chancre and the period for
which it had existed.

8

863



No. of ~~~~~~~~~~~~~~~~~~~~~Time of
Preparation aNimals

30 min 1 hour |2 hours |3 hours |4 hours |6 hours |24 hours |

1 .04±0.34 0.66+0.09 0.7±0.10 0.6±0.16 0.68±0.01 0.3±0.09
Bicillin I 36

(8.0-0 .25) (2.0-0. 13) (4.0-0 .25) (2.0-0.13) (1 .0-0 .25) (1 .0-0.06)

0.64±0.08 0.4±0.04 0.3±0.08 0.3±0.03 0.2±i0.04 0.34-0.12
American Bicillin 10

(1 .0-0.38) (0.5-0.25) (1 .0-0.25) (0.5-0.25) (0.6-0.19) (0.5-0.13)

5.4+1.44 1.8±0.3 1.1 ±t0.14 1.1 +t0.11 0.98±0.10 0.59+0.03
Pandepon 14

(16.0-1 .0) (4.0-0.5) (2.0-0.5) (2.0-0.5) (2.0-0.5) (1 .0-0.25)

44.1 ±5.08 17.1±1.19 7.4±0.81 3.47:t0.29 2.2±0.23 0.31±0.03
Bicillin III

49 (128.0-8.0) (32-4.0) (32.0-1 .0) (8.0-0.5) (4.0-0.5) (1 .0-0.13)

29.7±5.48 15.7±2.27 5.85±1 .4 3.7±0.54 2.35±t0.23 1 .3±0.2 0.42±0.06
Panbiotic 14

(64.0-8.0 ) (32.0-8.0) (16.0- 1.0) (8.0-2.0) (4.0-1 .0) (2.0-0.25) (1 .0-0.13)

2.5±z0.43 1.7±i0.28 0.8±0.07 0.5±40.16 0.2 i0.07 0.5±t0 0.2 ±0.03
PAM 11

(4.0-1 .0) (4.0-1 .0) (1 .0-0.5) (1 .0-0.5) (1 .0-0 .25) (0.5) (0.5-0.13)

19.5±0.24 11.3±0.50 8.8±1.42 5.1 ±0.94 0.69±t0.05
Ekmonovocillin 9

(32.0-16.0) (16.0-8.0) (16.0-4.0) (8.0-2.0) (2.0-0.25)

Aqueous solution 5 120.84t 35.3 25.6±i3.9 10.2±i2.0 2.4±40.04 1.5±A0.03 0.22±i0.08 O
of penicillin { ~~(256.0-64' (32.0-16.0) 16.0-8.0) (4.0-2.0) |(1.0-0.5) |(0.5-0.13) |(0) ll
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TABLE
COMPARATIVE DATA a ON THE CONCENTRATION OF PENICILLIN IN THE BLOOD SERUM AFTER ADMINISTRATION

a Results expressed as the arithmetic mean and standard error of the mean (with range of the mean shown in parentheses).

It will be seen from Table 4 that, at a dose of42 000
units per kg, chancres developed or positive serologi-
cal reactions occurred in six out of 73 rabbits to
which the first transfer had been made from rabbits
treated with all preparations (in three rabbits out of
24, chancres formed after treatment with one injec-
tion of crystalline penicillin daily for seven days
and in one rabbit after treatment with Novocillin,
and in two rabbits positive serological reactions
were observed after treatment with Ekmonovocillin).
In the second passage chancres developed in three
out of 48 rabbits (one treated with each preparation).
This shows that complete cure was not achieved by
the administration of long-acting preparations nor
in the control rabbits, which had been given the
same dose of crystalline penicillin. After attempted
reinfection of the 38 " original " rabbits, infection
actually occurred in 19 of the 38. Of the first-

passage rabbits, chancres developed in 12 after
reinfection. After crystalline penicillin not a single
rabbit became infected and out of 22 second-passage
rabbits infection occurred in 17, which points to the
presence of latent infection in the rabbits that had
not become infected. A comparison of the prepara-
tions used shows that the best therapeutic results
were obtained by two administrations of Ekmono-
vocillin, as shown by negative transfers and the
greater frequency of successful reinfection. The use
of these same preparations in a dose of 84 000 units
per kg cures rabbits of syphilitic infection after one
injection of Novocillin per day and two injections of
Ekmonovocillin per day. When Ekmonovocillin
was administered once a day a chancre was obtained
in one rabbit out of seven in the first passage.

In the control rabbits treated with the same dose
of an aqueous solution of crystalline penicillin



LONG-ACTING AND THERAPEUTIC PROPERTIES OF PENICILLIN PREPARATIONS

OF VARIOUS PENICILLIN PREPARATIONS IN A DOSE OF 84000 UNITS PER KG OF BODY-WEIGHT

investigation after administration

48 hours 72 hours 96 hours 120 hours 144 hours 168 hours 1192 hours 216 hours 240 hours

0.26+0.03 0.24+0.04 0.21 ±0.03 0.11 ±0.00 0.14+0.12 0.07±0.02 0.07±0.18 0.01±0.12

(0.5-0.06) (0-5-0) (0.5-0.06) (0.5-0) (0.25-0) (0.25-0) (0.5-0) (0.25-0)

0.3±0.04 0.25±0 0.17±0.13 0.12±0.03 0.13±0.02 0.02+0.01 0

(0.5-0.03) (0.25) (0.25-0.02) (0.25-0.06) (0.13-0.06) (0.06-0) (0)

0.5±0.05 0.34±0.02 0.14±0.02 0.08±0.05 0.05±0.01 0.05±0.00 0.01 ±0.01 0

(0.5-0.25) (0.25-0.13) (0.25-0.06) (0.25-0.06) (0.06-0) (0.13-0) (0.06-0) 0

0.17±0.24 0.09±0.00 0.08±0.43 0.05±0.04 0.05±0.00 0.03±0.00 0.01 ±0.01 0.01 ±0.00 0

(0.5-0.06) (0.13-0.16) (0.13-0) (0.13-0) (0.06-0) (0.06-0) (0.06-0) (0.06-0) 0

0.25±0.02 0.14±0.02 0.09±0.01 0.06±0.07 0.03±0.07 0.01 ±0.00 0.02+0.01 0

(0.5-0.25) (0.25-0.06) (0.13-0.06) (0.13-0) (0.06-0) (0.06-0) (0.06-0) 0

0.17±0.01 0.15±0.01 0.1 ±0.01 0.05±0.01 0.01 ±0.01 0.06±0.01 0 0

(0.25-0.13) (0.25-0.13) (0.13-0.06) (0.06-0) (0.06-0) (0.06-0) 0 0

0.27±0.01 0.05±0.01
0

(0.5-0.13) (0.06-0)

twice a day for seven days no complete cure was
achieved. Among the 10 rabbits in the first passage
a chancre developed in one, with treponemes present
and positive serological reactions. When the 10
" original" rabbits were reinoculated with infective
material two of them did not become infected.
No transfer was made from rabbits treated with

Ekmonovocillin in the form of a single injection of
the dose for the whole course, since even in rabbits
which had been given a total dose of 168 000 units in
one injection serological relapses were recorded from
two to four months after completion of treatment.

Thus, intramuscular administration of Novocillin
in doses of 6000 and 12 000 units per kg of body-
weight (once or twice a day for seven days, the total
dose for a course being 84 000 units) ensures a
therapeutic concentration in the blood serum of the
rabbits for 15-24 hours, depending on the dose.

Ekmonovocillin administered in the same doses
ensures a therapeutic concentration of penicillin
in the blood serum for 11-16 hours. Consequently,
to maintain the necessary concentration in the
blood, organs and tissues, it is enough to administer
Novocillin once a day, but Ekmonovocillin should
be administered twice a day, with a total dose for
a course of 84 000 units per kg of body-weight.
The administration in a single injection of the

total dose of Ekmonovocillin for a course, amounting
to 42 000 and 168 000 units per kg, ensures a thera-
peutic concentration in the blood for as long as 72
hours, but when this method was used not all the
rabbits were cured of their syphilitic infection.

PENICILLIN WITH ALUMINIUM MONOSTEARATE (PAM)

It is PAM that possesses the best long-acting
properties. When 84 000 units per kg of body-
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TABLE
COMPARATIVE DATA a ON THE CONCENTRATION OF PENICILLIN IN THE BLOOD SERUM AFTER ADMINISTRATION

Preparation Timeaof
30 min I hour 2 hours 3 hours 4 hours 6 hours 24 hours ] 48 hours 72 hours

1.87+0.49 1.4±0.33 1.09±0.15 0.89±0.16 0.77+0.13 0.77±0.13 0.34±0.04 0.5±0.06 0.14±0.08
Bicillin I 21

(8.0-0.5) (4.0-0.5) (2.0-0.5) (2.0-0.25) (1.0-0.13) (1.0-0.13) (0.5-0.06) (0.5-0.06) (0.5-0)

4±0.33 2±0.29 1.66±0.17 1.2±0.21 0.8±0.11 0.6±0.08 0.5±0 0.36±0.4 0.18±0.02
American BIcillin 9

(6.0-2.0) (4.0-1.0) (2.0-1.0) (2.0-0.5) (1.0-0.5) (1.0-0.5) (0.5) (0.5-0.25) (0.25-0.13)

6.6±0.69 6.6±0.69 4.0±0.89 3.3±0.34 1.3±0.14 0.42±0.25 0.35±0.03
Pandepon 10

(8.0-4.0) (8.0-4.0) (8.0-2.0) (4.0-2.0) (2.0-1.0) (0.5-0.25) (0.5-0.25)

41.4+8.96 29.5 ±8.78 13.8±1.95 9.38± 1.38 5.08±0.21 1.07±0.45 0.55 ±0.09 0.39 ±0.04 0.35±0.08
Panbiotic 13

(128-8.0) (128.0-4.0) (32.0-4.0) (16.0-2.0) (16.0-1.0) (4.0-0.5) (1.0-0.25) (0.5-0.15) (1.0-0.06)

102.0±10.85 30.1 ±1.081 13.5±1.93 7.2±1.19 7.2±1.44 0.24±0.20 0.19±0.00 0.16±0.01
Bicillin III 33

(256-32.0) (64.0-8.0) (32.0-8.0) (32.0-2.0) (16.0-0.5) (0.5-0.13) (0.25-0.13) (0.5-0.06)

4.85±0.69 3±0.27 2.1 ±0.29 1.4±0.23 0.6±0.06 0.48±0.15
PAM 14

(8.0-2.0) (4.0-2.0) (4.0-0.5) (4.0-0.5) (1.0-0.5) (1.0-0.25)

39.1 ±12.17 15.1 ±0.91 11.1 ±1.54 8.8±1.86 1.5±0.38 0.95 ±0.30 0.13±0.15
Ekmonovocillin 9

(128.0-16.0) (16.0-8.0) (16.0-4.0) (16.0-4.0) (4.0-0.5) (2.0-0 .25) (0.25-0.06)

Aqueous solution 2 128.0 64.0 24.0 16.0 8.0 4.0 0
of penicillin

a Results expressed as the arithmetic mean and standard error of the mean (with range of the mean shown in parentheses).

weight were administered, it was found in the blood
of 10 out of the 11 rabbits used in the test for 120
hours. In the other rabbit it could be detected for
96 hours. When a dose of 168 000 units was adminis-
tered it was found in all 14 rabbits used for the test
for 144 hours. In 13 out of 14 it could be detected
for as long as 168 hours and in 10 out of 14 for 192
hours. Fig. 1 shows mean data for penicillin concen-
tration in the blood serum after administration of
doses of 84 000 units/kg and 168 000 units/kg of
PAM and Ekmonovocillin. The short-term thera-
peutic results of the use of PAM are also completely
satisfactory. When a dose of 84 000 units of PAM
was administered the treponemes disappeared
after 86 hours, the chancres were resorbed after 25
days and the serological reactions in some rabbits
became negative very quickly (23 days), although in
others this did not occur for a long time. When a

dose of 168 000 units was administered the trepo-
nemes disappeared in 48-96 hours.

Positive results were not obtained from the first
and second transfers of lymph-nodes from treated
rabbits to healthy rabbits either in a dose of 84 000
units or in one of 168 000 units.
Thus PAM administered in doses of 84 000 and

168 000 units per kg of body-weight possesses good
long-acting properties and exerts a good therapeutic
effect.

BICILLIN-TYPE PREPARATIONS

Preparations of the Bicillin type are maintained
in the organism for a longer period. A considerable
number of such preparations are available in various
countries.

Bicillin I, developed in the USSR, consists of a
crystalline salt of benzyl penicillin with N,N-
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OF VARIOUS PENICILLIN PREPARATIONS IN A DOSE OF 168000 UNITS PER KG OF BODY-WEIGHT

Investigation

dibenzylethylene diamine. The salt is a compound
in which two mol of penicillin are attached to one

mol of the organic compound (N,N-dibenzyl-
ethylene diamine). Bicillin is issued for use in the
form of a fine white powder which forms a fine
and stable suspension when mixed with water.
Bicillin is only slightly soluble in water; its solubility
in water at 20°C is about 200 units/ml.
For comparison, Bicillin in syringes was studied

(Wyeth Laboratories Inc., Philadelphia, Pa., USA).
This consists of benzathine penicillin G in an aqueous

suspension with 0.01 % propylparaben and 0.09%
methylparaben as preservative. The control number
was 2600940. The preparations were administered
intramuscularly to rabbits in a single dose of 42 000,
-84 000 or 168 000 units per kg of body-weight.
Blood was taken for examination 30 minutes, one,

two, three, four, five, six and 24 hours and then

once a day after administration of the preparation,
until no penicillin at all could be detected in two
tests. Tables 1 and 2 and Fig. 2 give mean data for
penicillin blood-serum levels after administration of
Soviet and American Bicillin in doses of 84 000 units
and 168 000 units per kg. It will be seen from the
figures that after a dose of 84 000 units the concentra-
tion during the first 24 hours is higher and is main-
tained for longer in the case of the Soviet prepara-
tion than in that of the American Bicillin. After a
dose of 168 000 units, on the other hand, during the
first four hours the concentration of American
Bicillin is higher but the Soviet preparation is
maintained for a longer period in the blood. The
general course of the curves for both doses for both
preparations are substantially the same. It should
be noted that not all batches of penicillin possess
identically long-acting and therapeutic properties.

96 hours 120 hours 144 hours [ 168 hours 192 hours 216 hours [240 hours 264 hours 288 hours 312 hours f 340 hours 364

0.14±0.06 0.12±0.06 0.1 ±0.06 0.28±0.05 0.11 ±0.01 0.07±0.01 0.05±0.01 0.05±0.01 0.37±0.C8 0.02±0.00 0.01 ±0.00

(0.5-0.06) (1.0-0) (1.0-0.06) (0.5-0) (0.13-0) (0.13-0) (0.13-0) (0.13-0) (0.06-0) (0.13-0) (0.06-0)

0.15±0.03 0.1 ±0.01 0.05±0.02 0.04±0.01 0.01 ±0.01 0

(0.25-0.13) (0.13-0.06) (0.13-0.06) (0.06-0) (0.06-0)

0.16±0.02 0.08±0.01 0.07±0.00 0.06±0 0.05±0.01 0.05±0.01 0

(0.25-0.125) (0.125-0.062) (0.06-0.125) (0.0625) (0.0625-0) (0.06-0) 0

0.30±0.25 0.14±0.17 0.15±0.04 0.10±0.03 0.08±0.03 0.04±0.01 0.02±0.02 0.01 ±0.01 0

(0.5-0) (0.5-0) (0.5-0) (0.25-0) (0.13-0) (0.13-0) (0.13-0) (0.06-0) 0

0.118±0.02 0.08±0.03 0.07±0.01 0.05±0.03 0.03±7.57 0.01 ±0.00 0

(0.25-0.06) (0.25-0.06) (0.125-0.06) (0.06-0) (0.13-0) (0.06-0) 0

0.22±0.04 0.12±0.02 0.08±0.01 0.07±0.01 0.05± 0.1 0.03±0.01 0.01 ±0.03 0

(0.5-0.13) (0.25-0.06) (0.13-0.06) (0.13-0) (0.06-0) (0.06-0) (0.06-0) 0

0.02±0.07 0

(0.06-0) 0
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TABLE 3
PENICILLIN LEVEL IN THE ORGANS 12 AND 24 HOURS

AFTER INTRAMUSCULAR ADMINISTRATION OF
24000 UNITS OF THE PREPARATION PER KG

OF BODY-WEIGHT

Preparation administered
Material
Investi- Novocillin Ekmonovocillin
gated

12 hours 24 hours 12 hours 24 hours

Blood 0.08 0.18 0.10 0

Urine 371.7 240.0 508.3 10.6

Kidneys 8.3 3.16 10.3 1.1

Skin 6.27 3.08 4.8 0.64

Bile 14.0 3.16 18.0 0.33

Spleen Trace 0.1 0.66 0.2

Heart 0.2 Trace 0.66 Trace

Lungs 0.28 Trace 0.4 Trace

The Czechoslovak product Pandepon Spofa also
possesses good long-acting properties. One vial
contains 600 000 or 1 200 000 units of N,N-dibenzyl-
ethylene diamide dipenicillin G and 300 000 units
of procaine penicillin G. Its concentration in the
blood serum two hours after administration of
84 000 units per kg was 1.1 units and at the end of
24 hours this had fallen to 0.59 unit. Like Bicillin I,
it is detectable on the average for 144 hours and after
administration of a dose of 168 000 units per kg for
168-192 hours (in eight out of ten rabbits). The
therapeutic results obtained with these preparations
are shown in Tables 5 and 6. The figures for the
two preparations are very much alike in regard to
both short-term and long-term therapeutic effects.
A transfer from rabbits treated with a dose of 84 000
units of Bicillin I led to a chancre in one rabbit.
Transfers from rabbits treated with various prepara-
tions in doses of 168 000 units per kg failed to produce
a single positive result in two passages. After treat-
ment with all these preparations there were no

relapses among the rabbits.
In persons suffering from syphilis the concentra-

tion of penicillin after administration of Bicillin I
was extensively studied by Rahmanova (1959).
According to her figures, after intramuscular

administration of 4 800000 or 5000000 units of
Bicillin I, penicillin is maintained in the blood serum
for 18-35 days. After administration of 2 400 000
units the maintenance period is 9-24 days and in
most persons the concentration does not exceed
1.0 unit/ml. According to the findings of Zaharenko
(Vladimirov et al., 1957), after administration of
Bicillin I in a dose of 200 000 units, penicillin can
be detected in the cerebrospinal fluid of rabbits
on the average in amounts of 0.07 unit/ml after two
hours, 0.1 unit/ml after 12 hours, 0.06 unit/ml after
24 hours, 0.07 unit/ml after 48 hours and 0.03
unit/ml after six days. It is noteworthy that rein-
fection in the original rabbits in the first and second
passage was the more frequent the higher the dose
of the preparation used for treatment. In view of
the fact that the concentration of penicillin after the
administration of Bicillin is maintained throughout
at a low level, which possibly reduces its therapeutic
effect, a preparation was made which combined
crystalline penicillin (which provides a high concen-
tration of the antibiotic during the first few hours),
procaine penicillin G (which provides a considerable
concentration of penicillin after three hours), and
finally Bicillin (which provides a low therapeutic
concentration but one which lasts for a long time).
Preparations of this type are Panbiotic (USA)
and Bicillin III. It seemed that a preparation of
this composition would possess better therapeutic
properties.

Bicillin III contains equal parts of crystalline
potassium salt of benzyl penicillin, procaine salt of
benzyl penicillin and the N,N-dibenzylethylene
diamine salt of benzyl penicillin.
A similar preparation is the American Panbiotic

(Bristol Laboratories Inc., Syracuse, N.Y.): dibenzyl-
ethylene diamine dipenicillin G, 600 000 units;
procaine penicillin G, 300 000 units; buffered
crystalline penicillin G potassium, 300 000 units,
in 2-ml vials.
The difference between the two products is that

the American Panbiotic contains twice as much
dibenzylethylene diamine salt of dipenicillin. Con-
sequently longer maintenance of penicillin in the
organism was to be anticipated. It will be seen from
Fig. 3 that the initial concentration of penicillin in
the blood serum was greater and was maintained
for longer after administration of Bicillin III in a
dose of 84 000 units per kg than after a similar dose
of Panbiotic. After the administration of 168 000
units the concentration after Bicillin was still higher
but the maintenance time after Panbiotic was some-
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N. M. OV6INNIKOV & S. E. KORBUT

FIG. I
MEAN PENICILLINAEMIA AFTER ADMINISTRATION OF 84000 UNITS/KG ORl168 000 UNITS/KG

OF PAM AND EKMONOVICILLIN

24 48 7296 168240

what longer, as could have been expected. However,
the general course of the curves is so close that the
two preparations can be considered to be analogous.
The short-term and long-term results of treatment

with these products in doses of 84 000 units per kg
of body-weight are given in Tables 5 and 6. The
short-term results are quite similar. The difference
that does exist can be attributed to a considerable
degree to small differences in the composition of the
preparations and to individual peculiarities of the
test animals. A dose of 42 000 units per kg of either
Bicillin III or Panbiotic is insufficient to cure rabbits
of syphilis; even after the first transfer of lymph-
glands from the treated rabbits, chancres were found
to develop in healthy rabbits. A dose of 84 000 units
of Bicillin HI or Panbiotic per kg was better but
was still insufficient to cure all ralbbits. Even after
the first transfer of lymph-nodes from rabbits
treated with Bicillin III, chancres formed in three
out of 56 rabbits (from two original rabbits); a

smaller number of animals was treated with Pan-
biotic because of a shortage of that drug, and

possibly for that reason there were no positive
results from transfers but attempted reinfection of
treated rabbits had negative results in six out of nine
cases. This shows, however, that the rabbits were

apparently not cured. The long-term results of
treatment of rabbits with these preparations in
doses of 168 000 units per kg (Table 7) are con-

siderably better. We therefore consider a dose of
168 000 units per kg of body-weight to be sufficient
for the cure of all animals.

INVESTIGATIONS INTO THE PAINFULNESS OF INJECTIONS

In view of the painfulness of injections with
preparations of the Bicillin type, some authors
recommend that the total dose of the preparation
should be administered not in one operation but at
intervals during three or four days, the dose being
divided into three or four portions. Our experiments
have shown (Fig. 4) that this method of administra-
tion produces a lower concentration of the prepara-
tion than if the whole dose is administered at once.
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FIG. 2
MEAN PENICILLINAEMIA AFTER ADMINISTRATION OF 84000 UNITS/KG OR 168000 UNITS/KG

OF BICILLIN I AND AMERICAN BICILLIN

IUU
84000 units/ kg

10

BICILLIN I
10__/

n ni
30 1 2 3456

Hours
15

WHO 50650

24 4872 168240

If the whole dose is administered on a single occasion
but in two or three places instead of one, there is
less pain, and the original concentration is higher
but is maintained for a shorter period. The higher
concentration obtained in the first few hours when
a preparation is injected in several places is apparently
due to the larger area of absorption and to a con-

sequently larger intake of the preparation.
Table 8 gives data on blood-serum levels after

administration of 84 000 units per kg of Bicillin I
in one place and in six places. The preparation was

deliberately injected in a larger number of places
than is usually done in order to produce a more

sharply defined difference. In Table 8 this difference
is, in fact, quite clear-cut, although the number of
animals in the test was small (six). In the first 96
hours the concentration after administration in six
places was higher than after administration in one

place but subsequently the opposite became true.
To find out the reason for the painfulness of

penicillin injections, particularly with long-acting
preparations, we subjected tissue taken from the

place of injection to morphological examination.
The preparation was administered in a dose of
84 000 units in a single injection to one group of
animals and in the same dose, but at the rate of one
injection a day in equal portions for seven days, to a

second group. Pieces of tissue were excised at
various intervals after administration of the prepara-

tion. The following results were obtained. After
administration of an aqueous solution of penicillin,
haemorrhage and areas of inflammatory infiltration
were found at the site of injection, with a predomi-
nance of round cells and foci of destruction of the
muscle fibres themselves. All these phenomena
disappeared between the fifteenth and twenty-first
days after administration. When Ekmonovocillin
was administered the site of injection showed changes
in the form of haemorrhages and destruction of
muscle fibres together with numerous disseminated
pigment cells. The phenomena disappeared by the
twenty-first day. When Novocillin was administered,
haemorrhage and foci of perivascular infiltration
with remnants of oleogranulomas were noted in the
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TABLE 5
SHORT-TERM THERAPEUTIC RESULTS

Preparation Dose No. of rabbits Treponemes Chancre [ Serological reactions
Preparation_____ (units) i_No___ra___s__ disappeared after: absorbed after: became negative after:

168 000 6 168 hours 32 days (Did not occur)

Crystalline penicillin 84 000 9 216 hours 28 days (Did not occur)

42 000 4 268 hours 37 days (Did not occur)

168 000 18 84 hours 32 days 25 days

Bicillin I 84 000 26 96 hours 39 days 52 days

42 000 3 120 hours 35 days 91 days

168000 37 65 hours 20 days 35 days

Bicillin III 84 000 43 103 hours 24 days 36 days

42 000 17 155 hours 27 days 57 days

168000 9 106 hours 18 days 70 days

American Bicillin 84 000 10 122 hours 22 days 74 days

42 000

168 000 11 97 hours 30 days 70 days

Panbiotic 84 000 9 107 hours 31 days 80 days
(but did not occur

in one case)

168000 10 72 hours
Pandepon a Pado a84 000 14 84 hours 19 days 60 days

a In two rabbits given Pandepon, slightly positive serological reactions were obtained after three months (2+ and 2+, 3+) but
then reverted to negative.

striped muscles and in the connective-tissue layer
at the site of injection for 30 days after administra-
tion. In some individual cases the phenomena
disappeared between the twenty-first and thirtieth
days. The changes occurring at the site of injection
of Bicillin were considerably greater than with other
preparations. To study the histopathological changes
after Bicillin, we administered it in a dose of 168 000
units, and two, five, 10, 20 and 30 days afterwards
the rabbits were killed and the site of injection
examined. The result of the examination showed
that Bicillin is to be found at the site of injection for
the first few days and in some rabbits for as long as
30 days. (Gallego (1956) also remarks on intense local
reactions after administration of PAM and DBED.)
In all the groups of rabbits, up to the thirtieth day
after administration, necrotic changes could be seen
in the striped muscles. In the vascular bundles there
was necrosis of the arterial and venous walls and

the surrounding adipose tissue. The ridge delimiting
the area of infiltration was proliferative in character
and was observed for as long as 30 days; afterwards
organization of the inflammatory area occurred,
taking the form of vascularization.
The inflammatory process also spread to the

tissue of the vascular bundles. In one case, two
days after administration of 42 000 units per kg
there was exudative inflammation with a large
number of eosinophils present in the area of infiltra-
tion. Moderate haemorrhage with a deposit of
blood pigment round the site of injection was noted
in all cases. Even 30 days after administration
traces of the preparation and the cellular reaction
round about could be seen on the histopathological
preparations. This points to extensive changes in
the tissues after the administration of Bicillin.
Other research workers have also found patho-
morphological changes at the site of administration
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LONG-TERM RESULTS OF
TABLE 6

TREATMENT OF RABBITS WITH DOSES OF 84000 UNITS PER KG OF BODY-WEIGHT

First transfer Second transfer Third transfer

Preparation rabitofrgnl~ rt Scn
Pr nrabbits No.a Results b| No.a Results b Original b rsae b passage b

Bicillin I 26 17 34 24 48 17 18 28
34 1+, 33- 48 48- 12+, 4- 13+, 4- 24+, 4-

1(2,2,2+) 1(2,2,4+)

American Bicillin 14 5 10 7 14 5 6 5
10 10- 14 14- 3+ 6+ 3+, 2-

1 (2, 2,2+)
[1 died]

Pandepon 14 7 14 4 8 6 4
14 14- 8 8 2+,4- 3+,1-

Bicillin III 51 26 56 20 40 16 18 29
51 3+, 48- 40 40- 14+,1- 12+,5- 25+, 3-

[5 died] 1 (2, 2,2+) 1 (2, 2,2+) 1 (2, 2, 2+)

Panbiotic 9 9 18 8 18 9 4 9
18 18- 16 14-,2+ 2+,6- 1+,3- 7+,2-

1 (2 , 2, 2+ ) 1 (2, 2, 2+)

a The numerator shows from how many rabbits, and the denominator to how many rabbits, the transfer was made.
b The numerator shows the number of rabbits subjected to reinfection; the denominator shows the number of rabbits developing

a chancre (expressed as +) and the number not developing a chancre (expressed as -). Beneath these is shown the number of
rabbits in which weakly positive serological reactions were recorded (with the results of Wassermann, Kahn and citochol reactions
in parentheses).

of Bicillin. Thus Storozev, ljdel'stejn & Bykova
(1956) established that on the seventh to the eighth
day after a single injection of Bicillin histological
examination of the tissues reveals changes of the
granuloma type in response to foreign bodies, with
subsequent development of young connective tissue
with foreign-body giant cells within it. By the
twentieth day a connective-tissue capsule is being
formed around the unresorbed mass. Calisov,
Zernov & Ageev (1957) carried out a histological
examination of the tissues and internal organs of
rabbits at intervals of one hour to 11 days after
intramuscular administration of 100 000 to 200 000
units of Bicillin. These workers found considerable
concentrations of Bicillin up to the eleventh day
after the injection. At the site of injection there
was also a sharply marked inflammatory reaction,
which disappeared as the preparation was gradually
absorbed, with subsequent organization into con-
nective tissue. We noted similar changes to those

occurring after the injection of Bicillin I and
Bicillin III after the injection of Panbiotic.

PROPHYLACTIC ADMINISTRATION

In view of the fact that penicillin remains in the
blood serum at a therapeutic level for 15 days and
possesses satisfactory curative properties after one
injection of Bicillin I in a dose of 84 000 units per kg
of body-weight, Bicillin I can be used also as a
prophylactic agent. On the basis of experiments
carried out on 230 rabbits, we established that the
administration of Bicillin I, in a dose of 84 000 units,
three, 24 and 48 hours before infection or one, five,
10 and 15 days after infection of the rabbits with
Treponema pallidum strain No. 8 of the Central
Institute for Research on Skin and Venereal Diseases,
protects the animals against illness (Table 9). The
absence of clinical manifestations, the negative
serological reactions in six to eight months of
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FIG. 3

MEAN PENICILLINAEMIA AFTER ADMINISTRATION OF 84000 UNITS/KG OR 168000 UNITS/KG
OF BICILLIN III AND PANBIOTIC

45 6
Hours

1 2 3456
Hours

TABLE 7

LONG-TERM RESULTS OF TREATMENT OF RABBITS WITH A DOSE OF 168 000 UNITS PER KG OF BODY-WEIGHT a

Preparation rabbits

Bicillin

American Bicillin

Bicillin IlIl

Panbiotic

First transfer

No. Results

263

9 6
12

12

37 1
24

- -- 1-i

2

4

26
26-

12
12-

._

Second transfer

No. Results Original

19
37

10

24 16
24- 32

4 2
4- 4

37
37-

10 _
10-

32
32-

4
4-

See footnotes to Table 6.
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FIG. 4
MEAN PENICILLINAEMIA AFTER ADMINISTRATION OF

BICILLIN I IN ONE OR THREE INJECTIONS a

a Arrows indidate the time of injection.

observation and the negative results of transfers
of lymph-nodes and scrotal skin from above the
site of infection of the experimental animals in two
passages to healthy rabbits, together with the positive
results on reinfecting the original rabbits and the
indicator rabbits with a homologous strain, proved
that Bicillin is a good prophylactic agent. A single
administration of crystalline penicillin in the same

dose three, 24 and 48 hours before infection to
groups of three rabbits does not protect the rabbits
from illness; all rabbits developed chancres.

Bicillin III, administered five and 10 days after
infection, protects all animals from illness. When it
was administered five, 10 and 15 days before infection
the following results were obtained. It protected
five rabbits out of five when administered five days
before, two out of five when administered 10 days
before and none out of five when administered 15
days before infection. This is due to the fact that
when Bicillin III is administered penicillin remains
in the blood in therapeutic amounts for only eight

days. In the course of this time it apparently pro-
vides protection against infection. Thus the experi-
mental material quoted gives grounds for considering
Bicillin I and Bicillin III as suitable for the treatment
and prophylaxis of syphilis under out-patient
conditions. The dose of the preparation given in a

full course of treatment and the number of injections
must differ according to the stage of syphilis
concerned. With hard chancres one injection of
Bicillin I is usually sufficient to cure a rabbit from
syphilis, while in the case of latent syphilis one

injection is not enough. In 10%-12% of rabbits
suffering from latent syphilis and treated with
Bicillin I serological reactions did not become
negative for six to eight months and reinfection
gave almost no positive results. Transfers of
lymph-nodes from them in the first passage gave
positive results in one out of 15 cases among rabbits
treated with a dose of 168 000 units per kg of body-
weight. This does not give any convincing evidence
that the animals were cured and leads to the con-

clusion that latent syphilis cannot be treated with a

single dose of Bicillin even in a very high dose.
Small doses of the preparation failed to cure animals
of syphilis in a large percentage of cases.

Bicillin l, American Bicillin and Bicillin III and
Panbiotic are very similar in their long-acting and
therapeutic properties.

COMPLICATIONS

When long-acting preparations of any manu-

facture are used the possibility of serious complica-
tions (sensitization, embolism) must be borne in
mind. Embolism following an incorrect method of
administering the preparation is a very serious and
often fatal complication. With a view to discovering
what phenomena occur during embolism, we carried
out the following experiments with Bicillin. Bicillin
in a dose of 84 000 units per kg of body-weight and

TABLE 8
PENICILLIN LEVEL AFTER ADMINISTRATION OF BICILLIN I IN ONE OR SIX SITES AT A DOSAGE OF

84000 UNITS PER KG

Bicillin I Time of examination (hours)
administration I1| 2 6 24 48 96 120 144 168 192 216 264

In one site 0.5 0.5 0.33 0.25 0.25 0.25 0.31 0.31 0.16 0.12 0.12 0
In six sites 0.1 0.8 0.8 0.41 0.33 0.31 0.31 0.125 0.06 0.06 0.06 0
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TABLE 9
PROPHYLACTIC EFFECT OF BICILLIN I

Results Reinfection
Method ~~No. of

|rabbits Original First passage Second passage Original passate assaogd

Administration of Bicillin I after infection

Simultaneous with infection 2 Negative 4 negative 8 negative Chancres Chancres Chancres

Control 3 Chancres

After 3 hours 2 Negative 4 negative 8 negative Chancres Chancres Chancres

Control 3 Chancres

After 24 hours 6 Negative 8 negative 8 negative Chancres Chancres Chancres

Control 3 Chancres

After 48 hours 6 Negative 9 negative 15 negative Chancres Chancres Chancres

Control 2 Chancres

Infection after administration of Bicillin

5 days after administration 8 7 negative, 12 negative 20 negative Chancres Chancres Chancres
1 Wassermann
reaction 2+

Control 4 Chancres

10 days after administration 7 Negative 12 negative 20 negative Chancres Chancres Chancres

Control 3 Chancres

15 days after administration 6 Negative 10 negative 20 negative Chancres Chancres Chancres

Control 2 Chancres

in a volume of 1.1 ml to 1.2 ml was administered to
rabbits by injection in the femoral vein (the substance
may enter a vein accidentally if incorrectly adminis-
tered). Fifteen to 30 seconds after injection of the
Bicillin, the rabbits became restless, their respiration
was quickened, convulsions and cyanosis occurred
and the animals squealed. In some rabbits there
was involuntary urination and death ensued in
1 '/2-2 minutes. Dissection showed embolism of the
pulmonary artery. The cavities of the right atrium
and right ventricle were filled with dark red clots
together with a large number of whitish, punctate
" granules " of the preparation. The cavities of the
left side of the heart were empty. The lungs showed
a pinkish tinge and contained little blood. The
large branches of the pulmonary artery were com-
pletely filled with blood clots over which large
numbers of Bicillin granules were spattered. The

vessels of the pia mater were congested with blood.
There was no haemorrhage into the cerebral
substance. No important anatomical changes were
found in other organs. The same picture was observed
after intravenous administration of Panbiotic.
There were no deaths from administration of
Bicillin III, but on dissection of the rabbits sacrificed
two days after administration of the preparation
small punctate haemorrhages were discovered in the
lungs. When the dose of Bicillin was reduced to
0.2 ml (about 17 000-18 000 units per kg) one rabbit
out of three died with the same symptoms. After
administration of Bicillin in a volume of 0.1 ml
(8400 units per kg) restlessness, quickened breathing
and slight convulsive contractions began to occur
after 10-15 seconds. Then all symptoms quietened
down and there were no deaths among the animals.
Dissection of sacrificed rabbits showed small
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punctate haemorrhages in the lungs, i.e., there had
been embolism but only in the small pulmonary
capillaries. The phenomena observed in rabbits as
a result ofembolism with these preparations may also
be encountered among human beings when accidents
occur owing to the incorrect administration of the
preparation. This fact should be remembered when
preparations of the Bicillin type are used and the
rules governing administration of an insoluble
preparation of Bicillin should be strictly observed.

SUMMARY AND CONCLUSIONS

The level of penicillin in the blood serum and the
period of its maintenance therein depend on the
preparation administered and the dose. After
intramuscular administration of Novocillin at the
rate of 32 000 units per kg of body-weight, penicillin
is maintained in the rabbit blood serum in therapeutic
concentrations for an average of 25 hours. Penicillin
is maintained in the blood after administration of
the same dose of Ekmonovocillin for 12-14 hours
and if the substance is given in a dose of 84 000
units per kg it is maintained for an average of
48 hours in all animals.
On the basis of the therapeutic concentration of

penicillin in the blood serum, it is advisable to
administer Novocillin once a day and Ekmonovo-
cillin twice a day.

Fully satisfactory therapeutic results, both short-
and long-term, were obtained when 84 000 units
per kg were given in the course of seven days, twice
a day in the case of Ekmonovocillin and once a day
in the case of Novocillin. Still better results were
obtained when doses of 168 000 units per kg were
administered in a course of treatment.

In treatment with Ekmonovocillin and Novocillin
in doses of 168 000 units per kg to rabbits with
hard chancres, not a single clinical or serological
relapse was recorded and transfers to healthy rabbits
from the treated rabbits were negative, just as
subsequent reinfection of the treated rabbits with
an homologous strain gave a large percentage of
positive results. After treatment with a dose of
84 000 units per kg of body-weight of the same
preparation, individual serological relapses were
recorded and a large percentage of negative results
was noted upon reinfection of the treated rabbits.
This is possibly due in some cases to incomplete
cure of the animals. A dose of 42 000 units per kg
of body-weight is inadequate, since both clinical and
serological relapses are recorded and in individual

cases only positive results are obtained from the
transfer of organs from the treated rabbits to
healthy animals.
PAM is a good long-acting preparation. A

therapeutic concentration of penicillin in the blood
serum of rabbits after administration of a dose of
84 000 units per kg of body-weight of PAM is
maintained on the average for 96 hours and after a
dose of 168 000 units for 168 hours. As in the case
of Ekmonovocillin and Novocillin, a dose of 42 000
units per kg of PAM is insufficient to cure syphilis
in rabbits, whereas doses of 84 000 units and parti-
cularly 168 000 units produce good short-term and
long-term results.

Soviet Bicillin and Czechoslovak Pandepon do not
differ substantially in their long-acting and thera-
peutic effects. After administration of a dose of
84 000 units of these preparations penicillin is
maintained in the blood serum for 120-144 hours
and after a dose of 168 000 units per kg for 168-
192 hours.
The short-term therapeutic results of a single

administration of all these preparations depend on
the dose. Disappearance of treponemes from the
rabbit chancre takes place on the average after 72-96
hours, while serological reactions become negative
after 17-91 days and the chancre is absorbed in the
course of 32-35 days. These periods fluctuate in
accordance with the " age " of the chancre, and it is
important when conducting experiments to ensure
that all chancres tested are of the same " age ".
Great individual variations are also noted between
rabbits, both in regard to the concentration of the
preparations and their therapeutic effectiveness.
Long-term results of treatment with these prepara-

tions are very similar. It was noted in treatment with
all these preparations that a dose of 42 000 units
per kg of body-weight is inadequate.

Treatment of primary syphilis with one injection
of these preparations in a dose of 84 000 units and
in a dose of 168 000 units per kg of body-weight
gives good results, but the results are still better
after treatment with soluble penicillin in the same
doses but administered every two to three hours for
seven days.

Bicillin III and Panbiotic are very similar in their
long-acting and therapeutic properties. The dif-
ference existing in the concentrations obtained is
due to their different composition and to differences
in the ratio between the various penicillin salts
contained. Both preparations ensure a high con-
centration of penicillin in the first few hours, but
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later the antibiotic concentration is lower and is
detectable for a shorter time in the rabbit blood
serum than after administration of Bicillin I and
similar products. The therapeutic results following
a single administration of these preparations are
somewhat inferior to those following treatment with
Bicillin I in the same dose. The method of treatment
with these preparations must be different from the
method of treatment with Bicillin I.
The administration of long-acting preparations

before and after infection has good prophylactic
results. The period for which the preparation is
active depends on the antibiotic administered and its
dose. The therapeutic effect depends on the length
of time for which the preparation is maintained in
a therapeutic concentration in the blood serum. The
preparation provides protection for that period.
Thus a single administration of 168 000 units of
crystalline penicillin, despite the huge concentration
of the preparation in the first few hours, fails to
cure an overwhelming majority of animals of
syphilis, whereas even a smaller dose of, say,
Bicillin 1 (84 000 units per kg) ensures the cure of the
great majority of the animals.

Simultaneous administration of Bicillin I in
several places instead of one makes it possible to
obtain a somewhat higher concentration of Bicillin
in the blood serum but the result is not proportionate

to the number of injections. Penicillin is maintained
in the system for a shorter time when injected in
several places.

Administration of the whole dose of the prepara-
tion, not at one and the same time but in different
portions injected every few days, leads to a rise in
the curve showing the penicillin level in the blood
serum after each administration of the antibiotic,
but the total concentration and the length of time
for which penicillin can be found in the system are
both lower than after administration of the whole
dose on a single occasion. For therapeutic effective-
ness the preparation should be administered in a
dose that ensures an adequate therapeutic con-
centration of the preparation over a long period.

Administration of the preparation in the same or
even a greater dose over a longer period, which
gives a smaller concentration and one which is not
sufficient throughout the period for the preparation
to be effective, produces worse results and is less well
founded. A single administration of Bicillin I in
other forms of syphilis fails to produce an adequate
therapeutic effect in a considerable number of
animals.
The administration of penicillin, and particularly

of its long-acting preparations, causes inflammatory
manifestations at the site of administration, their
degree of severity depending on the preparation.

Annex

PHENOL-RED MICROMETHOD FOR DETERMINATION OF PENICILLINAEMIA

METHOD

The micromethod is based on the capacity of
Staphylococcus pyogenes var. aureus, strain 209,
to ferment glucose, changing the basic reaction of
the medium to an acid reaction. Changes in the
pH of the medium are detected by means of a

phenol-red or Andrade indicator which gives a red
coloration at a pH of 7.0-8.0. If penicillin is absent
from the dilution in question the Staphylococcus
grows and ferments glucose. The reaction of the
medium changes from alkaline to acid and its
colour from red to yellow. The medium was prepared
in the following way: 2 ml of normal human serum,
2 ml of a 10% solution of glucose, 6 ml of distilled
water and 0.25 ml of a saturated solution of phenol
red were placed in a sterile flask. The medium was

boiled for one or two minutes and then cooled and
infected with an 18-24-hour culture of strain 209, at
the rate of 0.1 ml of the culture diluted 100-fold with
physiological saline to 10 ml of medium.

ANALYSIS

The analysis was made in sterile test-tubes.
A series of 10 or more test-tubes, depending on the
doses of the preparation and the time of sampling,
was used for each blood sample. 0.2 ml of the
medium was dispensed into each tube, and 0.2 ml of
the test liquid was added to the first tube and
stirred. 0.2 ml was then transferred to the second
tube and so on, until the last tube but one, from
which 0.2 ml was removed. Thus we obtained
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dilutions of 1: 2, 1: 4, 1: 8, 1: 16 and so on. The last
tube was left as a control.
The titration of standard penicillin was carried

out in parallel. Standard penicillin was diluted in
such a way that 2 units of penicillin were contained
in 1 ml of solution. 0.2 ml of the standard solution
of penicillin was poured into the first tube and mixed.
0.2 ml was then transferred to the second tube and
so on until the last tube but one. The last tube was
kept as a control. The rack of test-tubes was placed
in the incubator for 18-24 hours at a temperature of
37°C. The results of the test were then read.
To determine the amount of penicillin per ml of

the blood serum being tested, the last dilution of the
test serum (i.e., the one in which no colour change
took place) was multiplied by the smallest amount of
standard penicillin (absence of colour change)
inhibiting growth of the Staphylococcus. For
example, if the last dilution of serum that preserved
the red coloration was in the fourth tube, i.e., at a
dilution of 1:16, while the smallest amount of
standard penicillin preserving the red coloration
was in the sixth tube, i.e., at a dilution of 1: 64 with a
penicillin content of 0.015, then 16 x 0.015 unit
(= 0.24 unit) of penicillin was present in each
millilitre of test serum.

RIESUMl2

Les auteurs rapportent les resultats d'une etude com-
parative de l'efficacite th6rapeutique de diff6rentes prepa-
rations de p6nicilline dans la syphilis exp6rimentale du
lapin.

L'importance et la duree de la penicillinemie dependent
de la preparation et du dosage utilises. L'injection intra-
musculaire de Novocilline a raison de 32 000 unites par
kg de poids corporel assure une concentration therapeu-
tique de penicilline chez le lapin pendant 25 heures en
moyenne; dans le cas de l'Ekmonovocilline, cette duree
est de 12-14 heures pour 32 000 unit6s et de 48 heures en
moyenne pour 84 000 unites par kg de poids corporel.

L'administration de 84 000 unites par kg de poids
corporel en sept jours, A raison de deux injections par
jour pour l'Ekmonovocilline et d'une injection quoti-
dienne pour la Novocilline donne des resultats therapeu-
tiques pleinement satisfaisants, tant A longue qu'A breve
echeance. Cependant, avec des doses de 84 000 unites de
ces preparations, on observe des cas isol6s de r6cidive
serologique, et la reinoculation de la maladie a des lapins
traites donne une proportion considerable de resultats
negatifs. Avec 168 000 unites, on n'observe aucune reci-
dive clinique ou serologique et les resultats du transfert
a des lapins sains du produit ganglionnaire de lapins
traites sont negatifs; la reinoculation ulterieure d'une
souche homologue aux lapins traites donne un pourcen-
tage 6leve de resultats positifs.
Une dose de 42 000 unit6s par kg de poids corporel est

insuffisante, qu'il s'agisse de la Novocilline, de l'Ekmono-
vocilline ou des autres preparations (PAM, Bicilline I,
Pandepon, Panbiotique, Bicilline III). Elle n'empeche
pas l'apparition de recidives cliniques ou serologiques,
et on note des resultats positifs isoles lors du transfert
a des sujets sains de materiel preleve sur des animaux
traites.
Le PAM, A la dose de 84000 unites, determine une

concentration therapeutique de penicilline dans le serum
sanguin pendant 96 heures en moyenne, et pendant
168 heures lorsque la dose est portee A 168 000 unites. A

ces doses, le PAM donne de bons resultats a long comme
A court terme.
La Bicilline sovi6tique et le Pantepon tchecoslovaque

ne different guere par leurs propri6tes therapeutiques et
leur activite retard. A la dose de 84 000 unites, ces prepa-
rations assurent une p6nicillinemie satisfaisante pendant
120-144 heures, et pendant 168-192 heures, a la dose de
168 000 unites par kg de poids corporel. La disparition
des treponemes du chancre du lapin a lieu en moyenne
apres 72-96 heures, la negativation serologique au bout
de 17-91 jours, et la r6sorption du chancre apres 32-
35 jours. Le traitement de la syphilis primaire par une
injection unique de ces preparations a la dose de 84 000-
168 000 unites par kg de poids corporel est efficace mais,
A dose egale, les resultats sont meilleurs si l'on utilise une
solution de penicilline et si l'on effectue les injections
toutes les deux ou trois heures pendant sept jours.
La Bicilline III et le Panbiotique sont des preparations

trbs semblables du point de vue de leurs proprietes thera-
peutiques et de leur activite retard. Les differences de
penicillinemie observ6es tiennent a la diversit6 et a la
proportion dissemblable de leurs elements constitutifs.
Avec ces deux preparations, la penicillinemie, elev&e
pendant les deux premi&res heures, diminue ensuite et sa
duree totale est moindre, chez le lapin, que celle de la
penicillinemie obtenue par la Bicilline I et les preparations
analogues. Les resultats d'une injection unique de ces
produits sont leg&rement moins bons que ceux d'une dose
6quivalente de Bicilline I, et le sch6ma de traitement est
egalement different.

L'administration de preparations retard avant et apres
l'inoculation de la maladie montre que leur action pro-
phylactique est satisfaisante. La duree d'activit6 varie
suivant l'antibiotique et la dose. La protection est assuree
aussi longtemps que la penicilline demeure presente dans
l'organisme.
La penicilline, notamment sous forme de preparations

retard, provoque au siege de l'injection des manifestations
inflammatoires qui varient suivant la preparation.
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