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Abstract—A simple and rapid preparation method for a novel antitumor agent, 2-amino-4,4a-dihydro-4a,7-dimethyl-3 H-phenox-
azine-3-one (Phx) was described. The procedure included (1) the reaction of bovine hemolysates with 2-amino-5-methylphenol, (2)
one-shot denaturation of hemoglobin and proteins by methanol, and removal of the denatured hemoglobin and proteins, (3) con-
centration of the reaction products, and (4) purification by a Sephadex column. These procedures yielded Phx in 34% yield. © 2001

Elsevier Science Ltd. All rights reserved.

o-Aminophenol and its derivatives are metabolized to
phenoxazinones during the reaction with human hemo-
globin or erythrocytes.!™ Tomoda et al.> demonstrated
that 2-amino-5-methylphenol was converted to 2-
amino-4,4a-dihydro-4a,7-dimethyl-3 H-phenoxazine-3-one
(Phx, Fig. 1) by human hemoglobin and bovine hemo-
globin, and noted that Phx was relatively soluble in
water, though the chemically synthesized phenoxazine
compounds are hardly soluble in water.

Phenoxazinone is a part of the chemical structure of
actinomycin D, which is known to exert intensive
anticancer activity on malignant tumors in children such
as Wilms’ tumor (kidney sarcoma), but also has adverse
effects such as hematopoietic and immunosuppressive
toxicity. Ishida et al.® found that it inhibited the in vitro
growth of KB cells, a human epidermoid carcinoma cell
line, in a dose-dependent manner. Furthermore, they
demonstrated that the growth of methA tumor cells was
suppressed by only 5mg/kg body weight of Phx.”
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To further investigate details of the antitumor activity
and action mechanism of Phx, large amounts of it are
required. Although we reported the preparation method
for Phx,> the preparation was time-consuming and
costly, in which a large quantity of CM Sephadex C-50
resin was required to remove hemoglobin. To overcome
these disadvantages, we set out to improve the method
for preparing Phx. In the present method, we improved
the step of removal of hemoglobin and proteins in the
hemolysates containing the reaction products. Namely,
we introduced the one-shot denaturation of hemoglobin
and proteins by methanol, instead of chromatographic
trapping of hemoglobin and proteins and removal of
residual hemoglobin and proteins by a Diaflow mem-
brane, which consumed much time, in the previous
method.> Secondly, we omitted the step using a SEP-
PAC C-18 resin and thin layer chromatography for final
purification of Phx, which is time-consuming.’ Herein,

Figure 1. Structure of 2-amino-4,4a-dihydro-4a,7-dimethyl-3H-
phenoxazine-3-one.
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Table 1. Incorporation of [*H]-thymidine into DNA of HAL-01 cell
and HL-60 cell

HAL-01 cell HL-60 cell
Phx (uM) Phx (uM)
0 100 200 0 100 200
lh 0 0 0 0 0 0

2h 25,000 17,000 9000 21,000 14,000 6000
4h 34,000 18,000 10,000 25,000 15,000 9000
8h 40,000 19,000 14,000 35,000 19,000 12,000

we adopted two steps of chromatographic purification
of Phx, using Sephadex LH 20. These procedures yiel-
ded Phx in 34% yield.

Using Phx obtained following the present procedure, we
studied the effect of Phx on cell growth and the incor-
poration of [*H]-thymidine into acid insoluble fraction
in a lymphoid leukemia cell, HAL-01 and a myeloid
leukemia cell, HL-60 (Table 1). Phx inhibited the incor-
poration of [*H]-thymidine into DNA of HAL-01 cell
and HL-60 cell in a dose dependent manner,® being
consistent with the results that the growth of these cells was
suppressed by Phx, in vivo and in vitro.” Phx obtained by
the new method had the same level of antitumor activity as
that from the previous preparation method, indicating that
the present method is superior to the previous method in
terms of speed and cost of preparation.

Experimental

Bovine hemolysates were prepared by the method
described in ref 10. 2-Amino-5-methylphenol (1.2 g) was
dissolved in distilled water (100mL), and then 0.2N
HCI solution (200mL) was added. After complete dis-
solution of the compound, 0.2N NaOH solution
(200mL) was added, little by little with stirring. The
solution was neutralized (pH 7.0) by the addition of
NaOH solution, and was immediately added to bovine
hemolysates (3 L). The hemolysates including 2-amino-
5-methylphenol were mixed well, and were incubated at
37°C for 120h, after which about 3 volumes of metha-
nol were added to the hemolysates. Since hemoglobin
and proteins in the hemolysates were denatured with the
addition of methanol, these can be removed by cen-
trifugation at 8000xg for 10 min. The supernatant was
collected, and was concentrated in a large-scale rotary
evaporator.

The concentrated solution including Phx (about
300mL) was put on a column (7x100cm) of Sephadex
LH20 (equilibrated with 50% ethanol) and was eluted
with 50% ethanol. The 4th and major band (yellowish
brown) included Phx, which was collected, and con-
centrated in a small-scale rotary evaporator. The con-
centrated ecluate was re-chromatographed through a

Sephadex LH20 column (3 cmx30cm, equilibrated with
50% ethanol), and was eluted with 50% ethanol. Etha-
nol and water were evaporated from the eluate, leaving
purified Phx as a powder. Purified Phx also demon-
strated a single band (yellowish brown) on a thin
layer.!!

The NMR data of Phx'?> showed that the compound
was 2-amino-4,4a-dihydro-4a,7-dimethyl-3 H-phenox-
azine-3-one, the signals of which were identical with
that reported previously.>
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