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some adverse effect due to streptomycin, but as the
concentration of PAS in the medium was increased, the
detrimental effect of streptomycin was diminished. When
the PAS concentration was increased to levels that in-
hibited growth (250 X 107% moles or more per ml} the
effect of streptomycin was reversed and growth of the
organisms was enhanced. At the highest concentration
of PAS (1000 x 10-% moles per ml}, growth occurred
only in a zone immediately around the cylinders from
which streptomycin was diffusing.

These results suggest that in this streptomycin-resist-
ant strain of E. coli there is an antagonistic relation
between PAS and streptomycin and that when the con-
centration of PAS is sufficiently high to partially or
completely block some process essential for growth of
the organisms, the resistant strain is able to metabolize
streptomycin in such a way as to by-pass the blocked
reaction. Results obtained by permitting PAS and
streptomycin to diffuse simultaneously from cylinders
placed on seeded plates with no PAS in the medium
ruled out the possibility that either PAS or streptomycin
was chemically inactivated when the two drugs were
mixed. The biochemical implications of these observa-
tions correlate well with the results published by Mas-
sART! to the effect that streptomycin, which by itself
does not affect yeast, may relieve the inhibition of
respiration caused in that test organism by trypaflavine
or other agents. It should be recalled that the effect of
streptomycin or of PAS depends markedly on the
physico-chemical conditions prevailing in the solutions?,
and notably on the presence of certain cations or anions?3.
Therefore, further interpretation and development of
our results may be expected from further research on the
relationship between physico-chemical phenomena in
solutions of PAS and streptomycin and the responses
they elicit in test organisms.

Our results obtained in vitro with Eschevichia coli
provide experimental support for the clinical view that
PAS therapy should be instituted concomitantly with
streptomycin therapy and that combined PAS-strepto-
mycin therapy should never be started after preliminary
treatment with streptomycin alone?. The same clinical
precaution seems to apply to other diseases that are
amenable to streptomycin therapy.

We wish to acknowledge the courtesy of the following firms
which supplied streptomycin and/or para-aminosalicylic acid for this
work: Barnes-Hind Laboratories, San Francisco, California; Cutter
Laboratories, Berkeley, California; Heyden Chemical Corp., Prince-
ton, New Jersey; Merck and Co., Rahway, New Jersey; Chas. Pfizer
and Co., Brooklyn, New York.
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Zusammenfassung

Ein gegen Streptomycin empfindlicher Stamm von
Escherichia coli kann durch tigliches mehrfaches Uber-
impfen in eine Nihrlosung mit steigendem Gehhlt an
Antibiotikum gegeniiber Streptomycin resistent ge-

1 L. Massart, Arch. Intern. Pharmacodynamie 80, 44 (1949).

2 J. Soromipts, C.r. Soc. Biol. 744, 105 (1950); Ann. Inst.
Pasteur 78, 602 {1950}, — J. Soromipis and E. BouriLanp, C. 1. Soc.
Biol. 742, 181 (1949).

3 T, Bert1, Arch. Intern. Pharmacodynamie 82, 23 (1950).

4 A. DrLauDE, Paris Médical 40, 458 (1950). - W, J. DiLLING,
Proc. Roy. Soc. Med. 43, 53 (1950).
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macht werden. Dieser Stamm wichst — wenn geniigend
Zeit gelassen wird — in einer Losung, die 300 mg
Streptomycin pro Liter enthilt, Er zeigt auch normales
Wachstum in Agar ohne Streptomycin und im gleichen
Medium, das 0 bis 100 x 10~% Mole p-Aminosalizylsiure
per cm?® enthdlt, Die Bakterien wachsen hingegen nicht
bei einer Konzentration von 1000 X 10-8 Mole PAS pro
cm?®, wenn nicht Streptomycin hinzugefiigt wird. In
diesem Fall scheint Streptomycin die wachstumshem-
mende Wirkung groBer PAS-Konzentrationen zu neu-
tralisieren.

The Colchicine-like Action of an Acridine
Derivative

Acridine derivatives have been known as mitotic
poisons for many yearsl. In these last years they were
investigated chiefly as bacteriostatic and bactericidal
substances. Recently we find an important paper of
I. Lasnitzkr and J. H. WILKINSONZ, who investigated
the action of some amino-acridines on the growth of
chick fibroblasts: all such acridine derivatives caused
disturbance of outgrowth and (or) reduction of mitoses.
At the higher concentrations rounding and vacuolisation
of nucleoli and vacuolisation of the cytoplasm could be
observed. Cells were prevented from entering into divi-
sion, but there was no interference with the actual
process of division, in contrast to colchicine. Therefore
abnormal mitoses were not found.

It seemed interesting to study the action on tissue
cultures of an acridine derivative that bears a long side-
chain and has been already introduced as Atebrin into
human therapy, precisely with the aim of preventing the
multiplication of an animal cell, the malaria-plasmodium,
whose metabolism resembles very closely that of the
cells of high vertebrates®. It may be important to
ascertain whether the long side-chain modifies the cario-
tropic activity of such compounds in some way.

We used the italian preparation Italching (Farmitaliaj.
Structural formula:

C2H5

H3C—CH—CH2—CH2«CH2—N<

L0 O

Technigue. The cultures were obtained from the cardial
region of generally 8-10 days old chick embryos and
grown by the hanging-drop technique in a medium
consisting of one part chick plasma, one part chick
embryo extract, and one part of Tyrode {controls} or
Italchina-solution in Tyrode; according to this method
(M. I) the acridine derivative acted on the cells during
the whole period of growth.

The concentration of the compound definitely acting
on growing cells was of course one third of the con-
centration of the added solution. In some sets of ex-
periments (which are called ““M. I1”" in this paper) we
added the Italchina-solution after 24 or more hours of

CoHs

OCH,

1 A.P. Dustin, C. r. Soc. Biol. Paris 93, 465 (1925}, ~ O. Bucusg,
Z. Zellforsch. 29, 283 (1939).

2 1. Lasnrrzxt and  J. H. WiLkinson, Brit. J. Cancer 2, 369
(1948),

3 J. W. MoULDER, Ann. Rev. of microbiol. 2, 101 (1948).
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Mitotic rate
Method I End trati (control culture in parenthesis)
Concentration of added o cor(xcc.e?x’x) ration Migration
Italchina-solution (c) after 24 h growth | after 48 h growth

1:50,000 1:150,000 8-7 (57-2) 20-1 (39-2) very strongly disturbed
1:100,000 1:300,000 7-2 (42-4) 29-4 (52-2) very strongly disturbed
1:150,000 1:450,000 7-6 (56-8) 13-4 (38-6) strongly disturbed

Method 1T

(Italchina added

after 24 hours growth)
1:50,000 <{1:50,000 24-4 (59-8) 15-7 (48-1)
1:100,000 ¢1:100,000 18-1 (59-8) 13-7 (40-1) very strongly disturbed
1:150,000 ¢1:150,000 19-1 (59-8) 149 (40-1)

The prophases seem to be more strongly reduced in number.

growth: but this second method gave less precise results,
the final concentration of the compound acting on cells
remaining rather uncertain. All cultures were fixed in
Zenker-formol and stained with hematoxylin for end
examination.

For every experiment six or more cultures (control as
well as treated) were used.

Results. While a more extensive study will be published
later, we give here a concise account of our observations.
The growth of cultures treated according to method I
was always impaired: strong disturbance of cell migra-
tion, which was very scanty and disordered in com-
parison to control cultures; large cell vacuolisation;
strong decrease of mitotic rate (calculated pro 1000 cells).
Treatment according to method II gave slowing down
or stopping of growth. Main quantitative findings may
be tabulated (see table).

The most significant feature in our experiments is
given by the large number of mitotic changes (in all tested
concentrations), contrasting with the absence of such
as remarked by the above authors working with more
simple acridine derivatives. We found bridge formation
in anaphase, picnotic metaphases, chromosome breaches
and detachments, tripolar forms of mitosis, i.e. most of
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Fig. 1. — Culture of myocardial cells of chick embryo. End concentra-
tion of Italchina 1:300,000 (M. I.) Tripolar mitosis. Enlarged 2250 x.

Higher dilutions of Italchina gave less regular results.

the changes described in connection with colchicine and
other antimitotic poisons. Such changes were also found
in subcultures on culture medium without Italchina. We
may say that our substance shows in wvitro an action

Fig. 2. — Culture as in figure 1. End concentration of Italchina
1:150,000 (M. L.). Disordered metaphase. Enlarged 2500 x.

Fig.3. - Culture as in figures 1 and 2. End concentration of
Italchina 1:150,000. Anaphase with detachment of a chromosome
fragment. Enlarged 2310 .
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Fig. 4. — Culture of myocardial cells: after 24 h growth a drop of
Italchina 1:100,000 added (M. II). Anaphase with bridge formation.
Enlarged 1350 x.

that approaches the colchicine function and is in some
way different from the action of trypaflavine and other
acridine derivatives. Experiments on tumor growth may

be suggested. P. Ronpoxt and A. NEcco

Institute of General Pathology, University of Milan,
and Center of Cellular Pathology, C.N.R., June 1, 1950.

Riassunio

Il ben noto derivato acridinico usato nella terapia
antimalarica (Italchina = Atebrina) produce un gran
numero di alterazioni mitotiche nelle culture in vitro di
mioblasti di pollo, in opposizione ad altri derivati acri-
dinici, i quali secondo dati della letteratura impediscono
Pinizio della mitosi senza disturbare poi il meccanismo
mitotico. Qualche importanza nel modificare 'azione
sulle cellule pud forse averla la lunga catena laterale del
preparato.

Turnover Rate of the Fatty Acids of the Liver

The rate of renewal of the fatty acids of the liver and
other organs has been repeatedly determined by making
use of deuterium, carbon 13 and carbon 14 as an indica-
tor. In early experiments SCHOENHEIMER and RITTEN-
BERG! administered heavy water to mice and kept the
deuterium content of body fluids at a constant level
throughout the experiment. The saturated fatty acids
of the mouse reached half of their maximal deuterium
content in the time of 5 to 9 days. The deuterium con-
tent of the saturated acids was higher than that of the
unsaturated.

BERNHARD and SCHOENHEIMER? isolated the fatty
acids of the intestinal wall, the kidneys and the liver of

1 R. ScHOENHEIMER and D. RITTENBERG, J. Biol. Chem. 114, 381
(1936). — D. RITTENBERG and R. SCHOENHEIMER, J. Biol. Chem. 114,
381 (1936).

2 K. BernuarD and R. SCHOENHEIMER, J. Biol. Chem. 133, 713
(1940},
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the mouse and found the saturated fatty acids to have
an appreciably higher deuterium! content than had
that of the unsaturated ones, They estimate the half life
time of the average saturated fatty acid molecule in the
liver of the mouse to be about 1 day, while the half life
time of the total fatty acids in the rat liver was found by
STETTEN and BoxEer?* to be 1-9 days.

The finding of RiTTENBERG and BrocH? that the feed-
ing to mice of acetate containing C? in the carboxyl
group leads to the formation of fatty acids containing
C!2, opened the way to the application of C1% and C¥
in the study of the rate of formation of fatty acids. They
found a more rapid incorporation of C!3 in to the satura-
ted than into the total fatty acids. The C!3 concentration
of the carboxyl carbon atoms of the saturated fatty
acids was approximately twice as high as the average of
all the carbon in the saturated fatty acids. The most
plausible distribution which will explain these data is
one in which the labelled carbon is present at every other
carbon atom; i. e., at the odd number carbon atoms of
the fatty acids. Later work* showed that at least 2
percent of the carbon atoms of the fatty acids are de-
rived fromacetate, Evidence wasalso obtained that acetic
acid can furnish every carbon atoms of the molecule.

Recently the rate of turnover of fatty acids has been
reinvestigated with the aid of acetic acid labeled by
Ct4 iy the carboxyl group by Pihl et al.3. The percentage
renewal of the fatty acid molecules is determined by
comparing the C!* content of the fatty acid carbon at
the end of the experiment with the average value of
the C4 content of the precursor carbon which prevailed
during the experiment. To arrive at the last mentioned
data, phenyl-DL-aminobutyric acid was fed simultane-
ously with labeled acetate to adult rats kept on fat free
diet, and consecutive samples of the excreted acetyl
derivatives were analyzed8. Though the labeled acetate
content of the diet was kept constant, the isotope
concentration of the acetyl group was found to increase
in the course of the 30 days period with about 30% of
the initial value. This increase was shown to be due to
the catabolism of the labeled higher fatty acids formed
during the experiment. The metabolic products of the
labeled fatty acids contribute in these long-time ex-
periments significant quantities of labeled acetyl groups
to the acetic acid pool which supplies C* to the newly
formed fatty acid molecules.

The saturated fatty acids of liver were found to reach
half of their maximal isotope concentration in less than
1 day, the unsaturated acids in about 2 days. Much
longer time is necessary to reach a corresponding CH
concentration in the fatty acids of the carcass, 16-17
days for saturated and 19-20 days for the unsaturated
acids. This difference was also shown in recent work of
Porjaxk and BEECKMANS?.

In an investigation on the effect of changes in the
metabolic rate on the incorporation of C** into tissue

! K. BernHarRD and F. Briier, Helv. chim, acta 26, 75, 1185
(1943),

2 D. SterreN, Jr., and G. E. Boxer, J. Biol. Chem. 155, 231
(1944).

3 D. RittexsErG and K. Brocy, J. Biol. Chem. 154, 811 {1944).-
K. Brocu and D. RiTTENBERG, J. Biol. Chem. 169, 45 (1945). - D.
RittenperG and K. Brocu, J. Biol. Chem. 160, 417 (1945).

4 K. Pontecorvo, D. RITTENBERG, and K. Broca, J. Biol. Chem.
179, 893 (1949). — A. Pmi, K. BrocH, and H. S. ANKER, J. Biol
Chem. 183, 441 (1950).

5 K. PoNTECORVO, D). RITTENBERG, and K. Brocu, J. Biol. Chem.
179, 893 (1949).

& K. Brocu and D. RirTenNBERG, J. Biol. Chem. 159, 45 (1943}

7 G. Porjax and M. L. BeeckMans, Biochem. J. 69, 547 (1950).



