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REVERSAL OF RESISTANCE BY
N-ACETYLTYRAMINE OR N-
ACETYL-2-PHENYLETHYLAMINE
IN DOXORUBICIN-RESISTANT
LEUKEMIA P388 CELLS

Sir:

Acquisition of resistance to antitumor agents
by cancer cells has been one of the most serious
problems in the clinic. We tried to search for
an active substance among microbial metabolites
which could convert the resistant state of the
cells to the sensitive state. Growth of doxo-
rubicin-resistant leukemia P388 cells (P388/ADR)
was scarcely affected by the presence of 0.1 ug/ml
of doxorubicin On the other hand, sensitive
P388 cells (P388/S) could not grow in the same
concentration of doxorubicin. So culture filtrates
of some Streptomyces species which did not show
cytotoxicity were tested for the ability to recover
doxorubicin sensitivity of P388/ADR cells.

P388/ADR cells obtained from Dr. M. INABA,
Cancer Chemotherapy Center, Japanese Founda-
tion for Cancer Research, Tokyo were maintained
by serial ip transplantation in DBA mice. Ascitic
cells, 7 days after transplantation to CDF, mice,
were harvested and cultured in RPMI 1640 medi-
um supplemented with 109 fetal bovine serum
and 10 um 2-mercaptoethanol. The cells (5X
10¢/ml, 0.2 ml/well) were incubated in the absence
or presence of 0.1 ug/ml of doxorubicin and 10 ul
of culture filtrates diluted 20 folds for 48 hours at
37°C. Cell growth was determined by counting
cell number using a Coulter counter.

An active substance produced by MHI106-
AF1 strain was purified from the culture fluid
(15 liters) by extraction with BuOAc at pH 8.0,
silica gel column chromatography developed by
a mixture of CHCl,; and MeOH, Sephadex LH-
20 column chromatography developed by MeOH
and crystallization from a mixture of MeOH and
EtOAc.. Then, the purified material (32 mg) was
obtained. The structure of this material was
predicted to be N-acetyltyramine (I) or j-(4-
hydroxyphenyl)propionic acid N-methylamide
(I) by mass (m/z, 179 (M *)), ‘H and *C NMR
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spectroscopy. An authentic sample of N-ace=
tyltyramine was synthesized by acetylation of
tyramine with acetic anhydride solution in
MeOH. The product of MH106-AF1 was the
same as N-acetyltyramine in all respects of TLC,
mass, JR and NMR spectroscopy. Thus, the
structure of MH106-AF1 substance was determin-
ed to be N-acetyltyramine (I).

N-Acetyltyramine has low toxicity; iv injection
of 405 mg/kg did not cause the death of mice
(ICR, female). The effect of N-acetyltyramine
on cytotoxicity of doxorubicin was shown in Fig.
1. Growth inhibition of N-acetyltyramine was
6.0, 5.8, 11.6 and 32.89; at 5, 20, 40 and 200 ug/
ml, respectively. IC,, of doxorubicin to P388/
ADR cells came to 0.13 ug/ml in the presence of
N-acetyltyramine from 0.48 ug/ml in the absence
of this but did not approach the IC,;, of P388/S
(0.033 pug/ml). Thus partial recovery of drug
sensitivity was achieved by addition of N-acetyl-
tyramine. This enhancement of cytotoxicity
of doxorubicin was specific to P388/ADR cells
because it was not observed in P388/S cells.
In order to find a compound which could recover
drug sensitivity of P388/ADR cells completely,
some analogs were tested. N-Ethylacetamide,
acetanilide, N-acetylglycine, acetoacetanilide, N-
benzylacetamide, tyramine, N-acetyltyrosine hy-
drazide and 2-phenylethylamine were not ef-
fective, although N-acetyl-2-phenylethylamine
was partially active as shown in Fig. 2. Because
N-acetyl-2-phenylethylamine was active in de-
creasing resistance, the hydroxyl group at para
position of N-acetyltyramine was shown not to
be related to the activity. Uptake and efflux of
doxorubicin by P388/ADR cells determined by
the method described previously? was not af-
fected by the presence of N-acetyltyramine. So
it might be caused by the different mechanism
from that of calcium antagonists, calmodulin
inhibitors?, membrane-active agents®~® or non-
antitumor synthetic anthracycline analogs®,
which had been shown to increase intracellular
drug concentration by inhibiting ‘efflux of drug
in P388/ADR cells.

We will continue screening for an ideal com-
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Fig. 1. Effect of N-acetyltyramine on cytotoxicity
of doxorubicin to P388/ADR cells.

P388/S (@) and P388/ADR (O) cells were cultur-
ed with various concentrations of doxorubicin and
N-acetyltyramine. Concentration of N-acetyltyr-
amine (ug/ml) is shown in the figure.
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Fig. 2. Effect of N-acetyl-2-phenylethylamine on
cytotoxicity of doxorubicin to P388/ADR cells.
P388/S (@) and P388/ADR (O) cells were cultur-
ed with various concentrations of doxorubicin and
N-acetyl-2-phenylethylamine. Concentration of N-
acetyl-2-phenylethylamine (ug/ml) is shown in the
figure.

100

o 100

Growth inhibition (%)
w
<

1 1 L 111t 1 1ot i atid

.01 0.02 0.05 0.1 0.2 0.5 1
Doxorubicin (pg/ml)

(=N~

pound which has the activity to recover complete-
ly drug sensitivity without cytotoxicity or any
clinically harmful effect.
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