


6-MP, A llopurinol, and Granulopoiesis

Allopurinol (Burroughs & Wellcome Co., Research Triangle
Park, N. C.) in powder form was dissolved in 0.1 N sodium
hydroxide and the pH was adjusted to 10.5 by the addition of
2 N hydrochloric acid. The required concentration of
allopurinol was obtained by the addition of sterile water.

The Administration Schedule of Chemotherapeutic Agents.
The mice were divided into 4 groups: Group 1 (controls)
had their femoral CFC assayed before and 24 hr after 2
injections of 0.9% NaCl solution were administered 12 hr
apart. All Chemotherapeutic agents were injected into the tail
vein in 0.5 ml of solution every 12 hr for a total of 4
injections. Group 2 of mice received allopurinol (40 mg/kg, 4
times), Group 3 received 6-MP (40 mg/kg, 4 times), and
Group 4 received the combination of allopurinol and 6-MP (40
mg of each drug/kg, 4 times). To test the effect of different
concentrations of allopurinol on the femoral CFC, groups of
CD2F, mice were given injections of 40, 100, 200, 300, and
400 mg of allopurinol per kg. Twenty-four hr later the mice
were killed, the bone marrow cells were cultured in agar, and
the number of colonies formed was determined.

Preparation of Bone Marrow Cell Suspension. Twenty-four
hr after the 1st injections were given, and daily thereafter, the
tips of the tails of the mice were cut off; peripheral blood was
aspirated with a hemocytometer pipet and diluted and the
number of white cells per cu mm was counted. These mice
were then killed by cervical dislocation and both femora were
aseptically removed from 3 mice in each group. The tip of
each femoral shaft was removed and a 23-gauge needle
mounted on a 3-ml syringe was inserted into 1 end of the
bone. The marrow plug was gently flushed out of the shaft
with repeated aspirations into the syringe. This resulted in the
pooling of bone marrow cells from 6 femurs for each group of
mice. Nucleated cell counts were performed with the aid of an
electronic cell counter and the number of nucleated cells per
femur was determined.

Culture Medium and Plating Technique. An agar mixture
was prepared containing the following ingredients: 40% agar
(0.8% purified agar, Difco Laboratories, Inc., Detroit, Mich.),
40% modified Eagle's medium, alpha medium (2-fold concen

tration) (Flow Laboratories, Rockville, Md.), 8% fetal calf
serum (Flow Laboratories, Rockville, Md.), 8% L-cell condi
tioned medium, 4% horse serum (Grand Island Biological Co.,
Grand Island, N.Y.).

The L-cell conditioned medium provided the source of
colony-stimulating activity and was prepared from the
supernatant of a monolayer of mouse L-cells. The cell
suspension of mouse marrow cells was diluted to 10 times the
desired final concentration. The final number of nucleated
cells in each plate was 5 X IO4. Immediately before plating,

0.5 ml of the cells was mixed with 4.5 ml of the agar mixture.
Then 1 ml of this mixture was pipetted into each of 4 Petri
dishes. The dishes were incubated at 37" in a humidified

incubator with a flow of air containing 7.5% CO2. At the end
of 7 days incubation the plates were examined with an
inverted microscope at 40 X magnification, and colonies
containing 50 or more cells were scored. The mean and the
standard error of the mean were then calculated from the
results of 3 experiments.

RESULTS

The number of nucleated cells per femur after repeated
injections of allopurinol, 6-MP, and the combination of
allopurinol and 6-MP is shown in Chart 1. Allopurinol alone
had no significant effect, while the combination of 6-MP plus
allopurinol decreased the number of nucleated cells/femur to a
greater extent than did 6-MP alone. This was statistically
significant at the nadir of myelosuppression on Days 3 and 4
(p< 0.001).

The number of CFC per femur was also significantly
reduced for the combination over that for 6-MP alone on Days
3 and 4 (Chart 2). Allopurinol produced a slight decrease in
the number of CFC. The number of circulating peripheral
white cells was decreased with 6-MP alone and with the
combination (Chart 3). Although there was a slightly greater
suppression of the peripheral white cell count with the
combination (starting on Day 4) than with 6-MP alone, this
was not statistically significant. Allopurinol alone produced
depression of the white cell count, which was most noticeable
on Day 3.

Chart 1. The effect of allopurinol, 6-MP, and the combination of
allopurinol and 6-MP on the number of nucleated cells per femur.
Shaded area, mean Â±S.E. for the controls. Arrows, time of
administration of Chemotherapeutic agents.

DAYS

Chart 2. The effect of allopurinol, 6-MP, and the combination of
allopurinol and 6-MP on the number of CFC's per femur. Shaded area,

mean Â±S.E. for the controls. Arrows, time of administration of
Chemotherapeutic agents.

SEPTEMBER 1974 2247



A. H. Ragab et al.

Chart 3. The effect of allopurinol, 6-MP, and the combination of
allopurinol and 6-MP on the number of peripheral white cells. Shaded
area, mean Â±S.E. for the controls. Arrows, time of administration of
chemotherapeutic agents.

Allopurinol in high doses (100 mg/kg) produced a 25%
reduction of CFC. Larger doses of allopurinol did not result in
greater suppression of CFC (Chart 4). With very high doses of
allopurinol (300 to 400 mg/kg) the mice appeared toxic and,
in 1 experiment, 2 mice died.

DISCUSSION

Our results would suggest that the combination of 6-MP and
allopurinol is more myelosuppressive than 6-MP alone. The
maximum suppression of the number of CFC is evident on
Days 3 and 4, after which recovery begins. The maximum
myelosuppressive effect on the peripheral white cells occurred
around Day 6. The fact that the combination had a greater
myelosuppressive effect on the CFC than on the circulating
peripheral white cells may be due to the presence of other
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Chart 4. The effect of different concentrations of allopurinol on the
number of CFC's per femur. Shaded area, mean Â±S.E. for the controls.

operative factors (maturation of stem cells, release of white
cells into the peripheral blood, marginal leukocyte pool, rate
of destruction of peripheral white cells) that may modify the
number of peripheral white cells. It may be that the study of
the granulopoietic CFC in culture is a more sensitive assay for
the quantitation of the myelosuppressive effect of chemo
therapeutic agents than the peripheral white cell count. The
dose of allopurinol that produced myelosuppression in these
experiments (100 mg/kg) would never be used in clinical
medicine.

It is possible that the differences between our studies and
those of Walker et al. (12) may be due to differences in the
animal species investigated. The final answer as to whether the
combination of 6-MP and allopurinol is more myelosuppressive
in man must await carefully controlled clinical trials.
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ADDENDUM

Since submission of our manuscript for publication, a study has been
reported by the Boston Collaborative Drug Surveillance program (J.
Am. Med. Assoc., 227: 1036-1040, 1974). This study substantiates the
fact that allopurinol increases the incidence of bone marrow depression
in patients with neoplastic diseases who received chemotherapy.
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