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glucose for every millimole of potassium that
enters the cell.
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T=rothricin, an antibiotic complex isolated
by Dubos(1) from the soil organism Bacillus
brevis, consists of at least 2 hemolytic sub-
stances in the following approximate propor-
tions: tyrocidin, 85%. and gramicidin, 159.
The hemolytic activities of these 2 substances
as well as that of tyvrothricin have been re-
ported by various research workers(2-6).
Quantitative data on the rates of reaction of
the pure substances as well as mixtures are
lacking, however. This paper presents com-
parative data on the hemolytic activities of
gramicidin and tyrocidin and various mix-
tures. The analvses were made under the
conditions developed by the author(7) for
quantitative determination of tyrothricin.

Materials and mcthods. Stock alcohol so-
lutions of the 2 purified substances! were
made to contain 20 pg per ml of gramicidin or
tyrocidin,  Working solutions and mixtures
were prepared by dilution with 955 alcohol.

One-half ml aliquots of the diluted solutions
were added to 10 ml of a 0.25% twice-washed
rat erythrocyte suspension in 0.87% saline.
and the course of hemolysis was determined
with a Klett-Summerson photoelectric colori-
meter. A 660-millimicron filter was employed.
Scale readings are proportional to optical
density.

Action of gramicidin and tvrocidin. The

* Burcau of Agricultural and Industrial Chemistry,
Agri. Research Admin.,, U. S. Department of Agri-
culture.

t Several times recrystallized gramicidin and tyro-
cidin hydrochloride were prepared from crude tyro-
thricin according to methods of Hotchkiss and
Dubos(4).
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course of hemolysis is markedly different for
these two agents (Fig. 1). The hemolytic
effect of gramicidin is represented by a sig-
moidal curve with a pronounced lag period.
The length of this period is dependent upon
the concentration of gramicidin and the tem-
perature. Tyrocidin, on .the other hand,
causes very rapid hemolysis, which is inhib-
ited after about 10 minutes. The extent of
hemolysis is dependent upon the concentration
of the tyrocidin. Experiments discussed below
indicate that the tyrocidin combines with
some component of the cell stromata and be-
comes inactivated.
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FIG. 2. Hemolysis curves for tyrothricin and for
various mixtures of gramicidin and tyrocidin. Solid
lines, natural tyrothricin.

Curve 1— .0% grami’, 100 9 tyro’, 8 ug total.
2—- 4.8 95.2 8.4
3—16 84 9.6
4—23 7 7.8
—33.3 66.6 7.5

The hemolysis curves obtained with mix-
tures were found to be characteristic of the
composition of the mixture in the early part
of the reaction (dotted curves, Fig. 2). The
solid curves represent the rate of hemolysis
produced by various concentrations of a sam-
ple of tyrothricin which was isolated in this
laboratory. The data for this sample agreed
very well with those for other preparations
made here, for samples obtained from com-
mercial sources, and for a mixture of 16%
gramicidin and 84% tyrocidin (see curve 3,
Fig. 2). Hotchkiss and Dubos(4) have found,
by chemical isolation, that tyrothricin is com-
posed of approximately this same proportion
of gramicidin and tyrocidin.

Although critical experiments have not been
made, it should be possible to estimate the
relative proportion of these 2 substances by
determining the type of curve produced. It is
easy to determine either of these compounds
by the hemolytic procedure when the other is
absent. Such measurements were made on
chemically modified gramicidin in an attempt
to correlate loss of hemolytic activity with loss
of toxicity(11-13).
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Tyrocidin inactivation. Tyrocidin appears
to combine with some component of the red
blood cell to inactivate its hemolytic activity.
Several experiments were designed to investi-
gate further the inactivating effect of the blood
cells on tyrocidin and gramicidin.

Three or 4 times the amount of tyrocidin
necessary to completely hemolyze was added
to a sample of washed erythrocytes (1000 pg
in 1 ml of cells) and allowed to stand for one
hour. Alcohol was added to the completely
hemolyzed solution to 90% concentration in
order to extract the tyrocidin. Aliquots of
this extract were mixed with a fresh aliquot of
red cells, and no trace of hemolysis was ob-
served, although an excess of tyrocidin had
been added to the original erythrocyte sus-
pension.

To test this possibility further, aliquots of
a 90% alcoholic extract of carefully washed
erythrocytes were added to an alcoholic solu-
tion of tyrocidin. No hemolytic action was
obtained when the mixture was tested on fresh
red blood cells. In order to determine whether
this inactivating agent was present in the
cell wall or in the water-soluble part of the
cell, a sample of erythrocytes was laked with
distilled water and the cell walls (ghost cells)
were centrifuged off and washed twice with
distilled water. An alcoholic extract of the
cell walls was found to contain approximately
all of the inactivating agent, while the water-
soluble components of the cell had no inhib-
itory effect. A benzene extract of dried eryth-
rocytes was found also to inhibit the hemolytic
activity of tyrocidin.

Several investigators(8-10) have found
that phospholipids will inhibit the bactericidal
action of tyrothricin on bacterial cells, while
Heilman and Herrell(2) have found that
cholesterol does not neutralize the hemolytic
effect of gramicidin. The inhibitory agent or
agents obtained from blood cells is similar to
phospholipids with regard to solubility charac-
teristics. Similar experiments with gramicidin
showed that it was inhibited, but to a much
lesser extent, than tyrocidin. Inhibition of
gramicidin and tyrocidin with regard to their
bactericidal action was not studied.

Summary. (1) The courses of hemolysis
for gramicidin, tyrocidin, and mixtures of the
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two have been determined. Tyrocidin causes
a rapid hemolysis, the extent being propor-
tional to the concentration of the lysin.
Gramicidin causes a slower initial rate of
hemolysis but this initial lag is followed by
rapid destruction of red blood cells at a rate
at least equal to the initial rate due to tyro-
cidin. Mixtures of the two components gave
hemolysis patterns characteristic of the pro-
portions of gramicidin and tyrocidin. (2) An
alcohol-soluble substance or substances pres-
ent in the wall of the red blood cell of the rat,
possibly phospholipid in nature, combines
with tyrocidin, and to a lesser extent with
gramicidin, causing them to lose their hemo-
lytic activity.
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Since the cholinesterase of the serum is
probably derived in large part from the liver
(1-3), its serum concentration may reflect
hepatic function(4). Therefore, serum cho-
linesterase levels were measured as a part
of a studyv of hepatic dysfunction in experi-
mental hemorrhagic shock. For comparison
these data were also obtained in hepatec-
tomized dogs.

Methods. Hemorrhagic shock was produced
in unanesthetized dogs, using the elevated
reservoir bleeding technic previously described
(5). Serum from arterial blood was obtained

* This investigation was supported in part by a
research grant from the National Institutes of Health,
Public Health Service H-661.

t Research Fellow of the National Cancer Institute.

(a) before hemorrhage, (b) during hypo-
tension before transfusion, (c) when hypo-
tension recurred after blood replacement, and
(d) just before death (Table I). Total hepa-
tectomy was performed in 3 dogs by a one-
stage method, preserving the integrity of the
inferior vena cava(6). In one other dog the
hepatic artery and portal vein were ligated and
a portal-caval anastomosis was carried out
without removal of the liver. In another, the
hepatic artery alone was ligated. Serum from
arterial blood was obtained before these pro-
cedures and at intervals thereafter. Serum
cholinesterase and total esterase were de-
termined colorimetrically, employing beta-
carbonaphthoxy-choline iodide and beta-
naphthyl acetate as the respective substrates



