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Inhibitors of Adenosine Deaminase1

William Plunkett,2 Lillie Alexander, Sherri Chubb, and Ti Li Loo

Department of Developmental Therapeutics, The University of Texas 5ystem Cancer Center, M. D. Anderson Hospital and Tumor Institute, Houston, Texas 77030

ABSTRACT

The effects of 9-f@-D-arabinofumanosyIadenine(ama-A)admin
istered i.p. alone or in the presence of one of the adenosine
deaminase inhibitors, erythro-9-(2-hydnoxy-3-nonyl)adenmneor
2'-deoxycoformycin, on the DNA-synthetic capacity (DSC) and
9-/3-D-arabinofumanosyladenine5'-tniphosphate levels of P388
cells, host bone marrow, and intestinal mucosa have been
investigated. Inhibition of adenosine deaminase with either
emythmo-9-(2-hydnoxy-3-nonyl)adenmneor 2'-deoxycofonmycin
resulted in increased cellular 9-fI-D-arabinofuranosyladenmne
5'-triphosphate concentrations which were associated with a
decrease in DSC. Although initially inhibited to the same extent
by 50 mg ara-A per kg plus either of the adenosine deaminase
inhibitors, the DSC of host tissues recovered to control values
by 5 hr after drug injection, whereas the tumor DSC remained
maximally inhibited for 5 hr and did not attain control values
until after 13 hr. The inhibition of P388 cells and host tissue
DSC by a second dose of ama-Aplus either of the adenosine
deaminase inhibitors 6 hr after the first dose was increased
slightly but recovered on a time course similar to that seen
after a single dose. Sequential therapy with either 3 or 6 doses
of ama-Acombinedwith enythmo-9-(2-hydnoxy-3-nonyl)adenine
elicited the longest survival of tumor-beaning mice when the
interval of drug administration was 6 hr. Thus, the greatest
increasein therapeuticactivity was achievedby dose sched
ules that produced transient inhibitionof DSC in host tissues
while sustaining maximal inhibition of tumor DSC. Measure
ments of the extent and duration of DSC inhibition and of
cellular 9-f@-D-arabinofuranosyladenmne5'-tniphosphate levels
may be useful biochemical determinants in the design and
optimization of schedules of ama-Atherapy.

INTRODUCTION

The cytotoxic activity of ama-A3is limited by deamination by
adenosine deaminase (3, 9, 11). In experimental systems, the
therapeutic activity of ama-Ais most pronounced against those
murine tumors with low adenosine deaminase activities (13). In
humans, ama-Aadministered by i.v. infusions was rapidly deam
mated and excreted in the urine (14). Used alone (1) or in
combination (2), its antineoplastic activity was slight.
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Recently, nontoxic concentrations of 2 potent inhibitors of
adenosine deaminase, EHNA (22) and dCF (23), have been
shown to increase synergistically the cytotoxicity (8, 19) and
antitumor activity (12, 15, 18, 19, 21) of ana-A. Since these
findings have interesting clinical implications, we have under
taken studies to identify the biochemical basis for this syner
gism (17). These efforts are extended in the present investi
gations which inquire about the biochemical basis for the
observed positive therapeutic index. Also, the results of these
studies have been utilized to optimize the dose schedule for
the drug combination.

MATERIALS AND METHODS

Materials. ana-A,EHNA, and dCF were all furnishedby the
Drug Development Branch, Division of Cancer Treatment, Na
tional Cancer Institute. Some samples of EHNA were genem
ously supplied by Dr. G. Elion, Wellcome Research Laborato
nies, Research Triangle Park, N. C. ana-ATP, used as a stan
dard for high-pressure liquid chromatography, was purchased
from P-L Biochemicals (Milwaukee, Wis.). [methyl-3H]Thymi
dine (6.0 Ci/mmol) was obtained from Schwamz/Mann (Or
angeburg, N. Y.). Its radiochemical purity was determined to
be greater than 99% by thin-layer chromatography in isobutymic
acid:15 N NH4OH:H20 (66:1 :33) and was used as received.

Tumor and Mice. P388 lymphocyticleukemia was kindly
provided by I. Wodinsky of A. D. Little, Inc., Cambridge, Mass.,
and maintained in female DBA/2 mice (Simonsen Laboratories,
Inc., Gilroy, Calif.) by weekly i.p. inoculations of 106 cells. All
determinations of the DSC and ara-ATP levels of these cells
were performed6 days after i.p. inoculationof 1 x 106P388
cells into female C57BL/6 x DBA/2 (hereafter called BD2F1)
mice, from the same source, averaging 20 g in weight.

Determination of DSC. Female BD2F, mice, weighing19 to
21 g, were inoculated i.p. with 1 x 10@ P388 cells, and
experimentswere carried out 6 days later. Groupsof 3 mice
were given i.p. injectionsof 0.9% NaCIsolution,50 mg ama-A
per kg alone or simultaneously with 3 mg EHNA per kg, or 0.2
mg dCF per kg followed in 15 mm by an injection of 50 mg ama
A per kg. Previous studies have demonstrated that the inhibition
of ana-A deamination was maximized by these schedules of
administration of EHNA and dCF (17). The doses of the de
aminaseinhibitorscorrespondedapproximatelyto 10% lethal
dosages when administered with ama-Aon a schedule of cycle
active compounds, based on our interpretation of the data of
Schabel et al. (21),4 Mice were given s.c. injections on the

4 F. M. Schabel, Jr. Open memorandum on: Observed toxicity (lethal) and

antitumor actIvIty of ara-A and two adenosine deamlnase inhIbItors (ADI) in mice,
Birmingham, Ala., August 27. 1976.
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back of 50 @Ci[3H]thymidmneat the indicated times and were
killed 30 mm later. The abdominal wall was rapidly opened, the
ascitic fluid was aspirated twice with 2-mI lavages of 0.9%
NaCI solution, and the entire aspirate was brought to 0.4 N
PCA by the addition of 10 N PCA during constant stirring.

The bone marrow specimens expressed from each femur in
1 ml of 0.9% NaCI solution injected through a 27-gauge needle
were pooled and brought to 0.4 N PCA. After the lumen was
rinsed with 0.9% NaCI solution and split lengthwise, the mu
cosal layer from approximately 1 inch of proximal duodenum
of each mouse was scraped from the underlying musculanis
and serosa with a microscope slide coverslip, washed into a
tube with 0.9% NaCI solution, and brought to 0.4 N PCA. After
chilling for 30 mm in an ice bath, the suspensions of all tissues
were centrifuged, and the sediments were reextnacted with 0.5
ml of 0.4 NPCA. The PCA-insoluble sediment was resuspended
in 1.0 ml of 0.4 N PCA and incubated for 15 mm at 90Â°.After
cooling and removal of the hot PCA-insoluble material by
centnifugation, the deoxynibose content of a portion of the
supemnatantfluid was determined by the method of Burton (7),
using deoxyadenosine as a standard. The radioactivity in a 1-
ml portion of each colonimetric assay reaction mixture was
determined by a Beckman Model 2650 liquid scintillation spec
trometer. The dpm, determined at an average counting effi
ciency of 35 to 37%, were automatically computed with the aid
of a preprogrammed external quench curve. The DSC of P388
cells, host marrow, and intestinal mucosa is defined as the dpm
incorporated per @smoIdeoxynibose and expressed as a per
centage of the control value. After an initial 5-mm lag, incor
poration of [3H]thymidmneinto PCA-insoluble material of all
tissues was linear for over 40 mm.

Determination of dTTP Specific Activity. Groupsof 3 mice
bearing P388 tumors were treated as described above except
that 200 @sCiof [3H]thymidmnewere injected s.c. on the back at
60 mm. Mice were killed at 90 mm, and a small portion of the
aspirated tumor was taken for cell counts by an electronic
particle counter (Coulter Electronics, Hialeah, Fla; Model ZBI)
before acidification to 0.4 NPCA. After centnifugation, the PCA
soluble material was removed, and the sediment was reex
tracted with 0.5 ml 0.4 N PCA. The PCA-soluble extracts were
combined and neutralized with KOH, and the resulting KCIO4
wasremovedbycentnifugation.Ribonucleotideswereremoved
by oxidation with NalO4as described by Neu and Heppel (16).
The remaining deoxyribonucleotides were fractioned by the
following high-pressure liquid chromatographic procedure. A
Waters Associates (Milford, Mass.) ALC-204 high-pressure
liquid chromatograph equipped with 2 Model 6000 A pumps,
a Model 660 solvent programmer, and a column of Partisil-10
SAX anion-exchange resin (25 cm x 4.6 mm; Whatman, Inc.,
Clifton, N. J.) were used. Cell extracts (0.5- to 2.0-mI) contain
ing 5 to 8 x 1O@cell equivalents of PCA-soluble material were
injected onto the column. Following isocnatic elution with 0.15
M NH4H2PO4 (pH 3.7) at a rate of 2 mI/mm for 40 mm, a convex

gradient, described by Line 5 on the Model 660 programmer,
was carried out to 0.675 M NH4H2PO4(pH 3.7) over 50 mm.
dTTP eluted 15 mm after starting the gradient. Fractions of 1-
mm duration were collected from the column eluate, and radio
activity was determined on a 1-ml portion in 11 ml PCS (a
phase-combining counting fluid purchased from Amersham,
Arlington Heights, Ill.). The quantity of dTTP detected by ab
sorbance at 254 nm was determined by comparison of peak

areas with standards. Further details of this procedure will be
published elsewhere.

Determination of ara-ATP. Since ana-ATP is resistant to
oxidation by peniodate due to the absence of cis-hydroxyl
groups and readily separates from dTTP in the high-pressure
liquid chromatographic procedure just described, it was quan
titated in the same fractionations as was dTTP.

For the comparison of the concentration and flux of ara-ATP
in P388, bone marrow, and intestinal mucosa cells, BD2F1
mice were inoculated i.p. with 1 x 106 P388 cells and used as
follows after 6 days. All mice were given i.p. injections of 100
mg [3H]ara-A per kg (specific activity, 9.3 x 106 dpm/@imol)at
zero time, and pairs of mice were killed at hourly intervals as
indicated. Nucleotides were extracted from tumor, marrow, and
intestinal mucosa as described, and the ara-ATP content of
each sample was determined after fractionation by the follow
ing modification of the high-pressure liquid chromatographic
procedure. PCA-soluble cell extracts (0.05 to 0.20 ml) were
injected onto the Partisil SAX column and eluted isocratically
at 2 mI/mm for 10 mm with 0.30 M NH4H2PO4(pH 3.7) before
commencing a linear gradient to 0.75 M NH4H2PO4(pH 3.7)
extending for 40 mm. Fractions were collected directly into
scintillation vials at 0.5-minute intervals, and after addition of
11 ml PCS the radioactivity was determined as described
above. The radioactivity in the fractions containing ara-ATP,
determined by UVabsorbance at 254 nm, was used to calculate
the mol of ara-ATP in each sample. The deoxynibose content
of each PCA-insoluble fraction was determined as described,
and the results were expressed as nmol ara-ATP per j.tmol
deoxynibose.

RESULTS

DSC of P388 Cells and Hosts Tissues in the Presence of
ara-A Alone or With Adenosine Deaminase Inhibitors. The
mechanism of action of ara-A involves the inhibition of DNA
synthesis by ara-ATP (10, 24). Therefore, in investigating the
basis for the increased therapeutic index of ama-Ain the pres
ence of EHNA and dCF, we chose to study the effects of the
combination on the DSC of the tumor. These experiments also
compare these drug effects on the tumor with those on the host
bone marrow and intestinal mucosa, rapidly proliferating tis
sues on which dose-limiting toxicity might be exerted by a
cycle-specific agent such as ara-A. When administered alone
at 50 mg/kg, ama-Adecreased the DSC of P388 cells to 50%
of the control value by 1 hr, with complete recovery followed
by an overshoot before 5 hr (Chart 1). In contrast, the DSC of
the host bone marrow and the intestinal mucosa cells remained
relatively unaffected by this dose.

Administration of the same dose of ara-A simultaneously with
3 mg EHNA penkg (Chart 2) or 15 mm after 0.2 mg dCF per kg
(Chart 3) inhibited the DSC of the tumor 80% or more by 1 hr
in each case. Unlike ama-Aalone, when ara-A was administered
in the presence of either of the deaminase inhibitors, the
maximal inhibition of the tumor DSC was sustained for several
hn, and recovery to control levels occurred after 13 hr. The
combination of ama-Awith either EHNA or dCF also increased
inhibition of DSC in the host bone marrow and intestinal mu
cosa. However, in contrast to the delayed recovery of the tumor
DSC, the DSC of both the marrow and the intestinal mucosa
recovered to control levels by 5 hr.
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and 3, 6 hr was chosen as the duration of maximal inhibition of
05G.

Mice inoculated with 106 P388 cells 6 days previously were
treated with either ama-Asimultaneously with EHNA or dCF
followed in 15 mm by ama-A.A second administration of iden
tical combinations was given 6 hr after the first, and the DSC
of tumor and host tissues was determined at the indicated
times (Chart 4). The effects of a single dose of each combina
tion on the tumor DSC shown in Charts 2 and 3 are reproduced
in Chart 4 to facilitate comparison. In the case of mice treated
with ara-A plus EHNA, a second dose of the combination did
not increase the maximal DSC inhibition evoked by the first
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Chart 3. Alterations In the DSC of P388 cells, bone marrow, and gastrointes
tinal mucosa induced by injection of 50 mg ara-A per kg 15 mm after injection of
0.2 mg dCF per kg. Each point is the average of values determined on 3 mice.
except for controls for which 6 mice were used. The DSC's of control tissues
were: P388 cells, 1.39 x 10@dpm/@amoldeoxyribose: bone marrow, 1.06 x 10'
dpm/@imoldeoxyribose; gastrointestinal mucosa, 1.88 x 10' dpm/@moldeoxy
ribose.
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Chart 1. Alterations in the DSC of P388 cells, bone marrow, and gastrointes
tinal mucosa induced by a single injection of 50 mg ara-A per kg. Each point is
the average of values determined on 9 mice in 3 separate experiments, except
for controls for which a total of 15 mice were used. The DSC's of control tissues
were: P388 cells, 1.17 x 10@dpm/@moldeoxyribose: bone marrow, 1.35 x 10'
dpm/g@moIdeoxyribose; gastrointestinal mucosa, 1.97 x 10' dpm/g@moideoxy
ribose.
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Chart 2. Alterations in the DSC of P388 cells, bone marrow, and gastrointes

tlnal mucosa induced by a single simultaneous injection of 50 mg ara-A per kg
and 3 mg EHNA per kg. Each point is the average of values determined on 9
mice in 3 separate experiments. The DSC's of control tissues are the same as in
Chart 1.

The results suggest that the increased antitumor activity of
ama-Ain the presence of deaminase inhibitors, relative to that
of ama-Aalone, may be due to the increased severity and
prolonged duration of inhibition of tumor DSC evoked by the
combinations. In addition, the differences in the rates of recov
ery of the hosttissuesandof the tumormaycomprisethe basis
for the positive therapeutic index of ama-Aand deaminase
inhibitors in tumor-beaning mice.

Effect of Multiple Doses of ara-A Plus EHNA or dCF on
DSC of P388 Cells and Host Tissues. These findingssuggest
a chemotherapeuticallyexploitablebiochemicalbasis for de
veloping a schedule of sequential doses of ara-A and a deam
inase inhibitor. Schabel4 (21), Lepage (15), and their collabo
rators have shown that ara-A was most effective when admin
istered at frequent intervals. To gain some biochemical insight
into this phenomenon, we determined the DSC of tumor and
host tissues from mice given a second dose of ama-Aplus a
deaminase inhibitor just before the tumor started to recover
from the initial dose. Based on results presented in Charts 2

4

6 2 8 24 30
Hours

Chart 4. Alterations of the DSC of P388 cells in mice after one (A, â€¢)or 2
(& 0) injectionsof 50mgara-Aperkgeithersimultaneouslywith3 mgEHNA
(â€¢.0) per kg or 15 mm after injection of 0.2 mg dCF (A, i@)per kg. The first
injection was at zero time: the second Injection was at 6 hr (arrow). The values
for the DSC of mice receiving a sin9le injection are reproduced from Charts 2
and 3 to facilitate comparison. Each point of P388 DSC after a second injection
is the average of determinations on 4 mice in 2 experiments, except for controls
for which 8 mice were used. The DSC's for control tissues in mice given 2
injections were: P388, 1.75 x 10' dpm/imol deoxyribose; bone marrow, 0.91
x 10' dpm4umol deoxyribose; gastrointestinal mucosa, 1.27 X 10' dpm/@moI
deoxyribose.
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Effect of ara-A injected alone or with either EHNA or dCF on theaccumulationof
ara-ATP, the DSC, and the specific activity of dTTP in P388 cells invivoMice

inoculated with 1 x 1O@P388 cells 6 days previously were giveni.p.injections
of 50 mg ara-A per kg alone, simultaneously with 3 mg EHNA perkg,or

15 mm after administration of 0.2 mg dCF per kg. [â€˜HJThymidine(200MCi)was
administered s.c. on the back at 60 mm, and mice were killed at 90 mm.Thecellular

levels of ara-ATP, the DSC, and the specific activity of [3H)dTTPweredetermined
as described in â€˜â€˜MaterialsandMethods.â€•ara-ATP(nmoI/

1o@ DSC (% of [â€˜H)dTTPspecific activ
cells) controir ity(dpm/@umol)Control

100 Â±3b@ .03 Â±0. 10 x108ara-A
2.2 Â±0.1 72 Â±3 1.68 Â±0.39 x108ara-A

+ EHNA 27.4 Â±1.1 13 Â±2 1.45 Â±0.19 x108ara-A
+ dCF 42.0 Â±i.3c 7 Â±2 1.00 Â±0.21 x 108

A

w. P!unkett et a!.

determined at various times after i.p. administration of ara-A
plus EHNA (Chart 5). The concentration of ara-ATP in P388
cells is 10-fold that of the intestinal mucosa and 100-fold that
of bone marrow (note different ordinate scales). The rate of
decrease of ara-ATP in the P388 cells appears to be slower
than that seen in host tissues. These latter differences in the
metabolism of the active nucleotide may provide a biochemical
basis for the more rapid recovery of the DSC of host tissues
versus that of the tumor.

Schedule Dependency of the Survival of Tumor-bearing
Mice after Administration of ara-A and EHNA. The foregoing
results suggest that a series of doses administered 6 hr apart
might continually suppress tumor DSC while allowing the re
covery of rapidly proliferating host tissues such as bone marrow
and intestinal mucosa. The possibility that continued inhibition
of tumor DSC with intermittent recovery of host tissues would
provide optimal therapeutic value was tested experimentally.
To test this, the survival of groups of 7 mice bearing 106 P388
cells given a total of either 3 or 6 doses of ara-A plus EHNA at
intervals of 3, 6, 9, or 12 hr was determined (Chart 6). The
median survival time of control mice was 10.5 days. Of mice
receiving 3 doses of the combination, the median survival time
of those injected at 6-hr intervals was the longest. Similarly,
mice receiving 6 doses at 6-hr intervals survived the longest.
The percentage of increased lifespan of mice receiving 3 or 6
doses of ama-Aplus EHNA at 6-hr intervals was 62 and 90%,
respectively, as calculated from the survival time after tumor
inoculation of all mice dying before Day 35. In other expeni
ments, 9 doses of ama-Aplus EHNA injected at 6-hr intervals
resulted in a 140% increase in life span, whereas 12 such
doses induced toxic deaths. The survival time of mice given
injections 9 times at 6-hr intervals, rested 72 hr, and subse
quently given 3 or 6 doses of the combination at 6-hr intervals
was 130 and 180% of controls,respectively.Extensionof this

30 13.0

dose, and recovery began at essentially the same time and
followed similar kinetics. A second dose of ara-A and dCF
increased the severity of DSC inhibition evoked by a single
dose, but the pattern of DSC recovery from a second dose was
also similar to that of a single dose. The extent of inhibition and
rate of recovery of both bone marrow and intestinal mucosa
DSC after a second dose of either combination did not differ
from the patterns of inhibition and recovery seen after single
doses (not shown).

Variations in the incorporation of [3H]thymidine into acid
insoluble material in tumor and host tissues may arise from
circadian rhythms in the mice (6). To control this effect, the
DSC of P388 cells, bone marrow, and intestinal mucosa was
determined at zero, 5, 9, 13, and 24 hr after injection of 1 ml
0.9% NaCI solution into groups of 3 tumor-bearing mice. At no
time was the mean DSC of any tissues significantly different (p
> 0.5) than at zero time (not shown).

Determinations of the rate of DNA synthesis measured by the
incorporation of [3H]thymidmneinto acid-insoluble material may
be affected by the action of the drugs under study on a number
of processes that may ultimately alter the specific activity of
the cellular [3HIdTTP pool. Therefore, the specific activities of
[3H]dTTP in the control and drug-treated P388 cells were
determined and are presented in Table 1. In no case was the
specific activity of [3H]dTTP in drug-treated cells significantly
different (p > 0.5) from that of the controls. Therefore, it is
unlikely that the observed inhibition of DSC could be due to
drug-induced reduction of the specific activity of the dTTP
pool.

ara-ATP Concentrations In P388 Cells and Host Tissues.
The amount of ara-ATP present in the P388 cells 90 mm after
administration of ama-Aalone or in combination with EHNA or
dCF was determined to confirm that the observed inhibition of
DSC could be attributed to the presence of this active metab
olite. The data in Table 1 show that levels of ara-ATP in cells
from mice given injections of ama-Aalone were significantly
less (p < 0.001 ) than those values resulting from treatment
with ama-Ain combination with either EHNA or dCF. This result
confirms the findings of Brockman (4, 5) and Rose and Brock
man (20). The ratio of these levels of ara-ATP is consistent with
the inhibition of DSC measured by the specific activity of
[3Hjthymidine incorporated by these cells 60 to 90 mm after
drug injection (Table 1).

The flux of ara-ATP in P388 cells and host tissues was

Table 1
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Control value was 9.16 Â±0.66 x 10' dpm/@moIdeoxyribose.
8 Average Â± SE. of determinations from 3 mice.

CAverage of 2 mice.

@0 I 2 3 4 5
H0urs

Chart 5. Concentration of ara-ATP in P388 cells, bone marrow, and gastroin
testinal mucosa at various times after i.p. injection of 100 mg [â€˜H)ara-Aper kg.
Analyses were conducted as described in â€˜â€˜Materialsand Methods.â€•
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pated over essentially the same time course as after a single
injection (Chart 4). Thus, the effect of each sequential dose
would produce an additive effect on the DSC of P388 cells.
When the effect was tested experimentally, we found that equal
total doses of ara-A in combination with EHNA administered at
6-hr intervals elicited a greater increase in life span than when
administered at either shorter or longer intervals (Chart 6).
These results suggest that the greatest increases in therapeutic
activity would be achieved by dose schedules that produce a
sustained inhibition of tumor DSC while hosttissues experience
only transient inhibition. These experiments demonstrate that
the determination and correlation of parameters such as the
extent and duration of DSC inhibition and of the cellular ara
ATP concentration may be useful in the design and optimization
of scheduling of ara-A therapy.
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Chart 6. Survival of BD2F mice inoculated i.p. on Day 0 with 106 P388 cells
and given either 3 or 6 injections of 50 m9 ara-A per kg simultaneously with 3 mg
EHNA per kg at the indicated intervals starting on Day i . Each group consisted
of 7 mice, except the control which consisted of 14 mice.

schema to 2 series of 9 doses at 6-hr intervals interrupted by
a 72-hr rest provedto be toxic.

DISCUSSION

Our studies demonstrate that, in the presence of EHNA or
dCF, ama-Ainhibits tumor cell DSC to a greaten extent and for
a longer duration than when it is administeredalone. The
inhibition of P388 cell DSC shows a positive correlation with
the amount of cellular ara-ATP (Table 1). These findings sug
gest that the accumulationof higher intracellularconcentra
tions of ara-ATP is the biochemical basis for the increased
antitumor activity of ara-A in the presence of adenosine de
aminase inhibitors.

It is probable that the i.p. route of drug administration con
tnibuted to the presence of higher ara-ATP levels in the tumor,
which was maintained i.p. , relative to those measured in the
host tissues. Although we have not compared the ara-ATP
levels and DSC inhibition of P388 cells from mice receiving the
drug i.p. with those values obtained by other routes of admin
istration, we have observed that the DSC inhibition of bone
marrow and gastrointestinalmucosa is similar in mice given
injections of ama-Aplus EHNA i.p. and s.c. on the back. Deter
minations of the ara-ATP levels of tumor and host tissues of
mice receiving ama-Ai.v. will be of interest since this more
closely resembles the clinical context of drug administration.

The DSC of the host bone marrow and gastrointestinal mu
cosa was initially inhibited to the same extent as that of the
P388 cells after injection of ama-Aand either EHNA (Chart 2)
or dCF (Chart 3). However, in each case, these host tissues
recovered to control values by 5 hr after treatment, whereas
the tumor DSC remained inhibited by at least 80% for 9 hr
before recovery. The higher levels of ara-ATP in tumor than in
host tissues and a slower turnover of the nucleotide in P388
cells (Chart 5) are consistent with the delayed recovery of DSC
of P388 cells. Such a differential rate of recovery between host
and tumor tissues after a single dose of ama-Aplus a deaminase
inhibitor suggests a basis for the observed enhancement of the
therapeutic index of these combinations.

A second injection of ama-A plus either EHNA or dCF in
creased the severity of DSC inhibition, but this inhibition dissi
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