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5-Azacytidine (5-AzaCR) is a pyrimidine nucle-
oside antimetabolite and has been shown to be
effective against acute myelogenous leukemia'-®.
The major dose-limiting toxicity has been severe
nausea and vomiting®-* which can be lessened by
administration of the drug in divided doses!:* or
by slow iv infusion® ™. 5-AzaCR has been
reported to be somewhat chemically unstable®-
and metabolized extensively?~'®. Therefore, it
presents a concern regarding the clinical use of
this drug.

The stability of 5-AzaCR was evaluated
through three biological assays, namely, inhibi-
tion of L1210 cell growth in culture, Escherichia
coli growth in synthetic medium, and L1210
leukemia in vivo. The residual activity of the
drug was determined after the drug had been
stored under various conditions for a given period
of time.

[4-1*C]-5-AzaCR (4 mCi/mmol) was obtained
through the Chemical and Drug Procurement
Section, Chemotherapy, National Cancer Insti-
tute, from Monsanto Research Corporation,
Dayton Laboratories, Dayton, Ohio. 5-AzaCR,
supplied by Aldrich Chemical Co., Inc. (Mil-
waukee, Wisconsin), was dissolved in sterile H,O
or buffer at 2.25 to 2.5 mg/ml and stored under
the conditions described throughout this report.
The basal medium for growing mouse leukemia
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L1210 cells was RPMI 1634 (Associated Biomedic
Systems, Buffalo, New York) plus 59; fetal calf
serum. The detailed procedure for determining
the drug effects on a 3-day L1210 cell growth has
been described elsewhere'®.

For in vivo antitumor testing, standardized pro-
tocols of the Drug Research and Development
Program of the National Cancer Institute were
followed'®.  Male BDF, (C57BL/6 @ xDBA/
2 8) mice were used in the experiments. Mice
were 6~ 8 weeks of age and weighed 18~25 g.
Groups of 6~10 mice were housed in plastic
cages and were given pelleted food and water
ad libitum. 11210 leukemia was maintained by
continuous ip passage in syngeneic DBA/2 female
mice. The experiment was initiated by injecting
ip 10° ascites L1210 cells into each BDF; mouse.
One day later, a single dose (25 mg/kg) of 5-Aza-
CR, stored at room temperature for O to 24 hours,
was injected ip in 0.2 ml volume into each mouse.
The drug effect was measured as median survival
time.

The microorganism used was E. coli ATCC 26,
which was cultivated in the minimal synthetic
medium. The conditions of the disc-plate assay
have been described previously by HANkA!?
and NEIL ef al.'”. Briefly, Petri plates were pre-
pared with the assay organism inoculated into the
minimal synthetic agar further supplemented with
50 ug/ml of tetrahydrouridine. The freshly pre-
pared standard solutions of the drug and the
samples to be tested were applied to paper discs
(12.7 mm diameter) and placed on the seeded
Petri plates. These were cooled for 2 hours at
+4°C and then incubated overnight at 32°C.
After that, the zones of inhibition were recorded.
A standard curve was constructed using the values
from freshly made solutions and the values of all
other samples were read off this curve.

The residual drug activity was determined after
5-AzaCR was dissolved in sterile distilled water

Table 1. Effect of temperature on the stability of 5-azacytidine (5-AzaCR).*
% Drug activity remaining
Storage temperature Assay

= Over 1
1 day 3 days 7 days 14 days 21 days senth

—10~ —5 Escherichia coli 100 100 100 100 100 60

L1210 100 100 100 100 100 60

25 E. coli 88 50 31 20 ) —

L1210 86 60 32 22 8 —

* Concentration of 5-AzaCR =2.25 mg/ml in water.
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and stored in freezer (—10~ —5°C) or at room
temperature (254-1°C). The results (Table 1)
indicate that although about 909, activity re-
mained after a 1-day storage at room temperature,
the loss of activity was proportional to storage
time. Only 209 activity remained after a 2-
week storage. However, no loss of activity was
detected with both in vitro assays when the drug
was stored in the freezer for at least 3 weeks. The
correlation of these two in vitro assays was ex-
cellent.

The effect of temperature was further evaluated
with RINGER’s lactate solution used by LOMEN
etal.”. The results indicate no loss of drug acti-
vity when the drug was stored in this vehicle at
room temperature or in the freezer for at least 4
hours (data not presented).

The stability of 5-AzaCR was also evaluated
through the in vivo testing for its antitumor acti-
vity. When the drug solution (2.5 mg/ml of
H,0) was stored at room temperature for up to
24 hours and then injected into animals which
were inoculated with leukemia L1210 cells 1 day
earlier, no significant loss of antitumor activity
was detected (Table 2).

Overall, our results suggest that 5-AzaCR is
reasonably stable for use with several clinical
protocols. They are in general agreement with
the stability data generated by physical chemical
means. Although there was a rapid shift in UV
absorption when 5-AzaCR was dissolved in an
aqueous solution!:3:® which might reflect the
reversible formation of N-formylribosylguanyl-
urea (the initial hydrolytic product of 5-AzaCR),
BeisLEr found that about 639 of 5-AzaCR was
retained when the aqueous drug solution was
stored at 25°C for 24 hours'®. He has postulat-
ed that N-formylribosylguanylurea might act as a
depot form of 5-AzaCR and the product itself
might not contribute significantly in terms of
overall antitumor activity. Even though his
hypothesis requires substantiation, our results
clearly indicated that the majority of biological
activity of this drug remained during the initial
step of transformation either chemically or me-
tabolically.

The subsequent reaction would be the degrada-
tion of N-formylribosylguanylurea which did not
possess significant biological activity®'®. A
rapid degradation of 5-AzaCR to this product
would result in loss of biological activity. Our
results clearly indicate that this was not the case,
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Table 2. In vivo assay of stability of 5-AzaCR.

Storage time*  Mean survival time** T/C***
(hours) (days+SD) %)
Control (no drug) 11.241.2 100
0 15.6+1.0 139
3 15.141.2 135
6 15.34+0.9 137
24 15.2+1.0 136

* 5-AzaCR was dissolved in sterile water at
2.5 mg/ml and stored at room temperature.
** A single administration ip of drug at 25 mg/
kg one day after mouse receiving ip injection
of 10° ascities L1210 cells.
e T/C(%)=
mean survival time (days) of drug-treated group
mean survival time (days) of untreated group
%100

and they correlated well with that of BEISLER'®.
He found, by means of high pressure liquid chro-
matographic analysis, that ribosylguanylurea was
slowly formed and that less than 59, was detected
when a 5-AzaCR clinical formulation was stored
at room temperature for 12 hours.

With the vehicle used by LoMEN et al. for a
5-day continuous iv infusion, we found that the
drug is quite stable in RINGER’s lactate solution
at room temperature for at least 4 hours. We
are in general agreement with the conclusion
drawn by CHAN et al.*® that this drug, when stor-
ed at room temperature, was relatively stable
with this formulation with a half life of 4.8 days
determined by a combined procedure of high pres-
sure liquid chromatography and carbon-13 nu-
clear magnetic resonance. It is of interest that
this value (t,,,=4.8 days) was in the range of
those obtained by us through the two biological
assays (Table 1).

Overall, our results, along with those of
others!”»'? suggest that 5-AzaCR can be stored in
an aqueous solution of neutral pH, e.g., water or
RINGER’s lactate, for about 3 weeks in the freezer
(—10~ —5°C) and probably for a number of
days at refrigerator temperature (4°C), without
significant loss of its biological activity. These
drug solutions can also be used for continuous iv
infusion at room temperature for at least 4 hours
without need of replacement with fresh solution.
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