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portance. Lack of rapid and complete equi-
librium between the newly formed and in-
jected acetylamino acids would also yield low
radioactivity in the excreted product. Both
acetate and alanine (pyruvate) carbons can
be used in this acetylation.

Summary. Intravenously injected acetyl-
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tryptophan and acetylglycine are excreted in
part by rats. Advantage was taken of this
behavior to trap any radioactive acetylamino
acids that are formed in vivo. The results
show that natural amino acids can be acetyl-
ated in vivo.

1949. P.S.EBM., 1949, 72.
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Distribution of Bacitracin in the Body.* (17394)

Pavr TeNG, Frorence S. LEviN, anD Frank L. MELENEY.

From the Laboratory for Bacteriological Research of the Department of Surgery, Columibia
University, College of Physicians and Surgeons, New York City.

Bacitracin is an antibiotic with a wide anti-
bacterial spectrum. It was discovered in the
Bacteriological Research Laboratory of the
Department of Surgery of Columbia Uni-
versity. The active principle is produced
by the Tracey I strain of B. subtilis.} Baci-
tracin has been used clinically in the treatment
of many infections which had failed to re-
spond to other antibiotic and chemotherapeu-
tic agents.> Because of its clinical impor-
tance, it seemed to the authors worth while
to determine the distribution of the drug in
the different tissues and fluids of the experi-
mental animal following intravenous adminis-
tration.

First series of experiments. Eleven normal
rabbits weighing from 2 to 4 kilos were selec-
ted. Bacitracin in a dosage of 3,000 units per
kilo of body weight, dissolved in 3 or 5 cc
of physioclogical saline, was injected slowly
into the ear vein of each rabbit. One, 2 or 3
hours after the injection the animals were
bled to death under nembutal anesthesia, The

¥ This study was supported in part by a grant
from the Medical Research and Development
Board of the Office of the Surgeon General of the
Army.

The bacitracin used was supplied by the Com-
mercial Solvents Corporation of Terre Haute, Ind.

1 Johnson, B. A,, Anker, H., and Meleney, F. L.,
Science, 1945, 102, 376,

2 Meleney, F. L., Altemeier, W, A., Longacre,
A. B, Pulaski, E. J,, and Zintel, H. A., 4nn. Surg.,
1948, 128, 714,

whole organ or a portion of the tissue was
then removed from the skin, heart, lung, liver,
skeletal muscle, brain, bone marrow, pancreas,
kidney, intestines and the spleen. Each kind
of tissue was ground up in a mortar with an
equivalent weight of physiological saline. It
was then filtered through cotton. FEach filtrate
was then assayed for the concentration of
bacitracin by the penicylinderplate method
against Micrococcus flavus® The cerebro-
spinal fluid, blood, bile and urine were also
collected and their bacitracin content similar-
lv determined. The results are presented in
Table 1.

Discussion. Although there are some wide
variations, composite figures as expressed in
averages give an approximate value for the
various tissues. The figures seem to indicate
that the antibiotic is widely distributed
throughout the body, but its concentration is
scmewhat variable in different tissues. For
example, the chorioid plexus apparently acts
as a barrier to the passage of bacitracin. None
or only a trace of bacitracin was found in the
cerebrospinal fluid or in the brain tissues after
intravenous or parenteral injection. This is
also true of penicillin and streptomycin.*5

3 Hott, D. A., Bennett, R. E,, and Stanley, A. R.,
Science, 1947, 106, 551.

4Struble, G. G., and Bellows, J. G., J.4.M. 4.,
1944, 125, 685.

5 Buggs, C. W., Pilling, M. A., Bronstein, B.,
Hirshfeld, J. W., Worzniak, L., and Key, L. J,,
J. Clin. Invest., 1946, 25, 94,



Units of bacitracin per g or ce

(3,000 units/kilo body wt).

TABLE I. Concentration of Bacitracin in Body Tissues and Fluids of 11 Rabbits After a Single Large Intravenous Injection of Bacitracin.
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6 Teng, P., and Meleney, F. L., accepted for
publication in Surgery.
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TABLE 11.
Concentration of Baeitracin in the Chest and
Peritoneal Fluids and in the Blood Serum of
Rabbits after an Intravenous Injection of the
Antibiotie.* (3,000 units/kilo body wt).

Bacitracin levels in units/ce

Rabbit Chest Peritoneal Blood
No. fluid fluid serum
1 2.3 2.3 1.6
2 5.0 7.5
3 4.2 4.5
4 2.6 2.55
5 2.4 2.8
Avg 3.47 2.45 3.79

* One hour after bacitracin injection and 25
hours after the intraperitoneal and intrathoracie
injections of aleuronat-starch.

creted in the bile.

There was a moderate concentration of
bacitracin in the wall of both the small and
the large intestine. This suggests the possible
value of the antibiotic in the treatment of in-
testinal infections, either bacterial or proto-
zoan, provided that these infections are caused
by organisms susceptible to bacitracin.

The liver, spleen, pancreas, heart and skele-
tal muscles all showed a moderate amount
of the drug, which suggests that infections in
these organs might be reached by the circulat-
ing drug.

Second series of experiments. In the second
part of this study, 10 cc of aleuronat-starch,
which contained 3% starch and 59, aleuro-
nat, were injected into the pleural and into
the peritoneal cavities of 5 normal rabbits 24
hours before the intravenous administration of
bacitracin in the same dosages described
above. These animals were sacrificed one
hour after the injection of the antibiotic. The
pleural or peritoneal exudate produced by the
irritation of the aleuronat-starch was collected
for a study of the bacitracin level by the peni-
cylinder-plate method. The results are shown
in Table II.

Discussion. These figures seem to indicate
clearly that bacitracin diffuses into the exu-
date in the purulent response to a chemical ir-
ritant in experimental rabbits and presumably
will diffuse into an exudate of infectious origin
in man. In one rabbit, the bacitracin levels in
the peritoneal and pleural fluid were higher
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than those in the blood serum. In one the
level in the chest fluid was lower, and in the
others the titres were approximately the same
as in the blood serum. Johnson, Anker and
Meleney reported that subcutaneous bacitra-
cin could save experimental mice following the
intraperitoneal injection of 10,000-100,000
minimum lethal doses of hemolytic strepto-
coccit

In 3 clinical cases of ascites, from 1 to 6
hours after a single intramuscular injection of
49,000 units of bacitracin, which was approx-
imately 1,000 units per kilo of body weight,
Michie found that the concentration of the
drug varied from 0.0018 to 0.128 unit per cc
of ascitic fluid. In the pleural fluid of one pa-
tient he demonstrated a level of 0.5 unit per cc
4 hours after an intramuscular injection of 40,-
000 units of bacitracin.”

The fluid collected from the above patients
was of a transudative nature. In the case of
exudates, a higher bacitracin content might
well be expected. Whenever the permeability
of blood vessels is increased by an inflamma-
tory process, it is easier for bacitracin to pass
through the capillary bed and enter the in-
flamed tissues.

During the early commercial production of
bacitracin, certain lots showed a disturbing
degree of kidney irritation which interfered
with systemic administration, but since July
of 1948 our experience has shown that a
product which meets the Food and Drug Ad-
ministration’s specification for toxicity of an
LD50 of 500 units for 20-g mice, produces
only a minimal and transient degree of kidney
irritation. The lot used in these experiments,
namely, No. 480408, met that specification
and has been used without difficulty by intra-
muscular injection in a large number of human
infections.

Summary. One, 2 or 3 hours after a large
single intravenous injection of bacitracin, the
concentration of the drug in the different
tissues of rabbits was found in decreasing or-
der as follows, subject to some individual
variation: urine, kidney, blood, bile, lung,
bone marrow, skin, large intestine, pancreas,
heart muscle, skeletal muscle, liver, spleen,

7 Michie, A., work in progress.
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small intestine, cerebrospinal fluid and brain.
In the chest and peritoneal exudates pro-
duced by aleuronat-starch injection, the titres
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of bacitracin one hour after an intravenous ad-
ministration approximated those in the blood.
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Production of an Inactive Derivative of Purified Prothrombin by Means of
Purified Thrombin.* (17395)

WALTER H. SEEGERS AND ROBERT 1. McCLAUGHRY.

From the Department of Physiology and Pharmacology, Wayne University College of Medicine,
Detroit, Mich.

The blood clotting mechanism is of such
complexity that the reactions which the sev-
eral clotting factors can participate in may be
followed with certainty only when these fac-
tors are isolated and obtained in purified form.
With the use of such purified preparations, it
has been shown that, depending upon the
conditions of the experiment, thrombin may
have entirely different effects on prothrombin.
When small amounts of thrombin are added
to prothrombin dissolved in 25% sodium
citrate solution, the rate of activation of the
prothrombin to thrombin is increased ;2 when
thrombin and prothrombin react in physio-
logical saline solution the prothrombin is
changed to an inactive form in which it does
not react to the addition of calcium, Ac-
globulin and thromboplastin3* These effects
are apparently produced consecutively when
relatively large amounts of thrombin are used.
There first appears a decrease in sensitivity to
calcium, Ac-globulin and thromboplastin, then
a reappearance of the original sensitivity.
These experiments might be interpreted to
mean that prothrombin is inactivated only to
be changed back to its original active form

* Aided by a grant from the United States Pub-
lic Health Service, National Institute of Health.
Parke, Davis and Company supplied large quanti-
ties of plasma required for the preparation of
purified prothrombin and thrombin.

1Seegers, W. H., and Ware, A. G., Fed. Proc.,
1949, 8, 249.

2 Seegers, W. H,, Am. Heart J., in press.

3 Mertz, E. T., Seegers, W. I, and Smith, H. P.,
Proc. Soc. Exp. Bior. AND Mebp., 1939, 41, 657.

+Ware, A. G., and Seegers, W. H., J. Biol.
Chem., 1948, 174, 565.

again. It appears more reasonable, however,
that thrombin acts first to form a slightly
modified prothrombin which is not reactive to
thromboplastin, and that this modified pro-
thrombin is then changed to another active
form of prothrombin which yields thrombin.
The sequence may be described by the fol-
lowing: Prothrombin (sensitive to calcium -+
Ac-globulin - thromboplastin) = Prothrom-
bin-derivative I (not sensitive to calcium -+
Ac-globulin 4+ thromboplastin) = Prothrom-
bin-derivative II (sensitive to calcium - Ac-
giobulin 4 thromboplastin) — Thrombin
and possibly other reaction products. In this
paper we shall show that the first prothrom-
bin-derivative, a protein insensitive to calcium
4+ Ac-globulin -+ thromboplastin, can be
identified by electrophoresis.

Experimental procedures. A large homo-
geneous supply of prothrombin was obtained
by pooling several preparations made as pre-
viously described.*® Many experiments were
performed but all of those described in this
paper were performed on this pooled sample
of prothrombin.

When dissolved in saline solution it re-
tained at least 95% of its activity for 6 hours
at room temperature. On electrophoresis the
patterns (Fig. 1) showed that 95% of the
total protein was present in one component in
the descending boundary, while 87% was
present in the ascending boundary. The im-
purities present in the prothrombin sample
were thus shown to be sufficiently reduced to

5 Seegers, W. H., Loomis, E. C., and Vandenbelt,
J. M., Arch. Biochem., 1945, 6, 85.
6 Seegers, W. H., J, Biol. Chem., 1940, 136, 103,



