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Effective Means of Reducing Toxicity without Concomitant
Sacrifice of Efficacy ot Carcinostatic Therapy1
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Since we have been exhorted by our conference chairman to
present a minimum of new data and to emphasize suggestions
and ideas to be discussed, we will attempt to comply and to
present only a few illustrative examples of data.

This seems an awe-inspiring and inclusive title. It is difficult
in discussing it to avoid infringing on other topics, such as cell
kinetics and animal model systems. The animal model systems
that have received most use are the rapidly growing trans
planted tumors, such as LI 210, where the S phase is a
relatively large part of the short cell cycle. This has led to the
selection of active drugs that are found to be most effective in
some similar human neoplasms, the rapidly growing leukemias.
Such agents then tend to be drugs affecting DNA synthesis and
are "cycle-oriented." This carries the inherent disadvantage
that similar normal tissues, such as the bone marro- v, are

equally or almost equally affected. In seeking ways to
discriminate between the two, it seems worth it least
considering that the growing normal tissues show periodic
cycled activity in their growth, usually referred to as the
circadian rhythm. While it is difficult to document, some
tumors appear somewhat independent of such cycling, and
advantage might be taken of this in scheduling therapy.
Halberg et al. (9) reviewed the literature on this cycling some
10 years ago. Recently, Cardoso and Carter (2) pointed out
the possible significance of biologic rhythms to the use of
antimetabolites. The latter used the rat cornea as a model
system and reported 14-fold differences in mitotic indexes
from the maximum to the minimum of the cycle. While this
magnitude of difference may not be matched in bone
marrows, with their relatively high mitotic rates, some
fluctuation is to be expected. Barnum et al. (1) found a high
fluctuation in the rates of synthesis of liver DNA in immature
mice. The peak of DNA synthesis was at 12:30 P.M., with the
minimum at 12:30 A.M. The times of these peaks would be
different in humans (8).

There are data available indicating an indirect effect of the
circadian rhythm upon the toxic effects of drugs. This involves
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variations in the hepatic drug metabolizing activities. Radzia-
lowski and Bousquet (14, 15) illustrated this in studies on the
metabolism of aminopyrine and other drugs in rats and mice.
They found that fasting did not abolish the pattern but that
adrenalectomy did abolish it. The plasma corticosteroid levels
of the blood followed a similar rhythm, with maximum and
minimum 12 hours removed from those for microsomal drug
metabolism. Schevinger al. (18) provided a striking illustration
of this in rats given D-amphetamine sulfate at 26 mg/kg.
Groups were dosed at various intervals and mortality observed.
For example, those dosed at 6 A.M. showed a 6.6% mortality.
Those dosed at 3 A.M. had a 77.6% mortality.

It is evident that blood levels of corticoids obey a rhythm
too and that the changes in mitotic rates may be a result, at
least in part, of the corticoid levels in the tissues. The growth
rates of normal cells are subject to the influence of corticoids.
Many neoplasms do not respond to the corticoids (3, 12, 13,
16). Advantage might be taken of this to depress DNA
synthesis in the bone marrow during the time when peak levels
of a cycle-oriented carcinostatic drug are present. This should
spare the bone marrow from toxicity to some extent. A test of
the effects of corticoids 'on DNA synthesis in the bone

marrows of mice was made by administering thymidine-^ H to

mice at intervals and measuring its incorporation into the DNA
of the bone marrow under the influence of corticoids. Table 1
shows some results from such experiments. While the changes
were not dramatic, they appeared to indicate some potential
for the sparing of marrow toxicity. As a means of testing the
premise, mice were treated with 6-thioguanine. Sartorelli and
LePage (17) showed that mice treated with toxic doses of
6-thioguanine died with acellular marrows and that inbred
mice could be saved from such lethal treatments by injection
with bone marrow suspensions from compatible mice. It has
subsequently become evident that the toxicity from this drug
results from its incorporation into DNA (11). It is cycle-
oriented and is, therefore, a suitable agent for this test. Mice
were treated on 5 successive days with 6-thioguanine, alone or
with cortisone at various times in the sequence. Table 2 shows
some results from a typical experiment. It is evident that
cortisone spared the marrow to a sufficient extent when the
dosage sequence was such that the marrow was depressed by
cortisone at the time that 6-thioguanine was present at high
levels. Surviving mice quickly regained any weight loss and
remained healthy while held for another month.
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Table 1

Thymidine in DNA
Treatment Time interval (hr) cpm/mg DNA % of control

Controls 21,900 100

Cortisone, 50 mg/kg,i.p.Prednisolone,

50 mg/kg,i.p.Cortisone,

50 mg/kg,s.c.Prednisolone,

50 mg/kg, s.c.0481218244806812182448124812182412481218249,40016,90017,10014,90019,00023,20020,80020,90014,70014,70019,70019,70018,60023,00020,10016,60011,4009,85023,20021

,50022,80020,60017,70013,30012,20024,10021,50023,20043777868871069595676790908510592765245106981049481615611098106

Effect of cortisone or prednisolone on DNA synthesis in mouse bone marrows. Mice were given
the corticoid treatment and then, at the specified time, were injected i.p. with 20 nc of
thymidine-3H. An hour later, the marrow from the hind leg bones was extracted and used for the
isolation of DNA. Aliquots of the DNA were counted in a scintillation system. Experiments were
conducted with BDFj(C57BL/6J 9 X DBA/2J <$)or AKD2F i(AKR/j V X DBA/2J d) female mice
8-11 weeks old. The results were the same for both mouse lines. Each figure represents analyses of
pooled marrow from 2 mice in 2-3 experiments.

Table 2

Treatment No. of mice No. of deaths Maximum wt. loss (%)

6-Thioguanine, 24 mg/kg,
5 P.M. daily, 5 days

Cortisone, 50 mg/kg,
1 P.M. daily, 5 days

Cortisone, 50 mg/kg, l P.M.;
6-thioguanine, 24 mg/kg,
5 P.M. daily, 5 days

Cortisone,50mg/kg, l P.M.;
6-thioguanine, 24 mg/kg,
9 P.M.; daily, 5 days

8

8

8

28

3

25

Toxicity of 6-thioguanine to mice. Mice were AKD2Fi females (AKR/J9 X DBA/2J d)8-ll weeks
old. Cortisone acetate, a suspension purchased from the Upjohn Co.,was administered s.c. The 6-thio
guanine was a solution in isotonic saline at pH 8 and was given i.p.
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It is abundantly evident that, both in terms of efficacy and
to prevent the emergence of drug resistant cell populations, we
should use combinations of drugs. The choices of drugs for a
combination and the sequence of their use should be, where
possible, based on knowledge of their metabolic effects. We
have a recent example that appears to provide a good
illustration. Gee et al. (7) treated adults having acute
leukemias with 6-thioguanine and 1-0-D-arabinofuranosyl-
cytosine (ara-C). A favorable result was obtained. However, as
emerged in discussions, the choice of dosage regimen was a
result of convenience. It was made without consideration of
the mechanisms by which these two drugs are now known to
produce their effects. As mentioned earlier, 6-thioguanine
produces carcinostatic effects that correlate with incorpora
tion into DNA (11). ara-C has been shown to be an inhibitor
of DNA polymerase (6). Thus it would seem imperative to
choose a suitable dosage sequence for this combination of
drugs. We conducted some experiments in mice with
6-thioguanine and 2 thioguanine nucleosides to test this
rationale. The LI210 tumor was used as the model system.
ara-C and 6-thioguanine or its derivatives were given in various
sequences to female BDF, or AKJ^Fj mice bearing 5-day
LI 210 ascites growths. Incorporation of 6-thioguanine into
the DNA of the LI210 cells was measured by isotopie tracer
technics. Table 3 contains some results. The drugs were used
at suitable therapeutic dose levels. It is evident that the extent
of incorporation of 6-thioguanine into DNA would indeed be
very dependent upon the timing of the ara-C and 6-thio
guanine treatments.

In Table 4 an experiment is presented in which ara-C and
6-thioguanine or its nucleosides were used as therapy for mice
bearing the LI210 tumor. The combination therapy, as tested,
did not appear to give results any better than could be
expected with ara-C alone. It is likely that our metabolic data,
based on single treatments, do not give us the necessary guide
to the proper sequence for a multiple treatment therapy. The
model requires further study. An appropriate sequence could
be visualized as involving the incorporation of 6-thioguanine
into tumor cell DNA and ara-C interference in the repair
process. It is conceivable that normal cells would have a more
competent repair mechanism than the neoplastic cells,
particularly the aneuploid tumors. It is also conceivable that
the addition of treatments with corticoids to this model would
decrease toxicity without any sacrifice of carcinostatic
efficacy.

Another matter that should probably receive more considera
tion in relation to carcinostasis with purine and pyrimidine
antimetabolites is the capacity of various individual neoplasms
to degrade purines, pyrimidines, and their antimetabolite
analogs. One side of this was discussed recently by Dorsett et
al. (4), who point out as an example that tumor cells resistant
to 5-fluoro-2'-deoxyuridine, because of lack of thymidine

kinase, would not be rescued from Methotrexate therapy with
thymidine. If thymidine degradation could be inhibited, the
normal cells could be rescued with thymidine.

Qualitative or quantitative deletions from neoplastic cells of
enzymes able to degrade purine and pyrimidine analogs can
provide a means for discriminating between normal tissues

Table 3

Drugs Dose (mg/kg) Injection times
Incorporation of TG

cpm/mg DNA % of control

TG-14CTG-14Cara-CTC-I4Cara-Ca-TGdR-35Sa-TGdr-35S

ara-Ca-TGdR-35S

aia-C(3-TGdR-35S0-TGdR-35S

ara-C0-TGdR-3SS

ara-C4.04.0

204.0

203434

2034

206.86.8

206.8208:00

A.M.8:00

A.M.
8:00A.M.8:00

A.M.
5: 00 P.M. (daybefore)8:00

A.M.8:00

A,M.
8:00A.M.8:00

A.M.
5: 00 P.M. (daybefore)8:00

A.M.8:00

A.M.
8:00A.M.8:00

A.M.
5:00 P.M. (day before)113185132524162494060244610323301007.511710010168100495

Incorporation of 6-thioguanine into DNA of L1210 cells. Each figure represents analyses of L1210 cells from 2 mice in each
of 4 experiments; 2 were performed with AKD2Fj female mice and 2 with BDFj female mice, 8-11 weeks old. Cells were
harvested 2 hours after the i.p. injection of TG-14C or a- or 0-TGdR-35S.

Abbreviations: 6-thioguanine-8-14C; TG-I4C; o- or 0-2'-deoxythioguanosine-35S, a-, or (3-TGdR-35S; 1-0-D-arabinofuranosyl-
cytosine, ara-C.
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Table 4

Drugs Dosage (mg/kg) Injection times Average survival (days) Treated/controls

TG
+ ara-C

a-TGdR
+ ara-C

(3-TGdR
+ ara-C

TG
ara-C

2
20

34
20

3.4
20

2
20

8-9 A.M.

8-9A.M.

8-9A.M.

8-9A.M.
4-5 P.M. (previous day)

8.5 Â±0.5

15.7 Â±0.9

19.8 Â±0.5

18.8Â± 2.8

13.2 Â±0.9

185

233

221

155

a-TGdr
+ ara-C

34
20

8-9A.M. 19.8 Â±1.1
4-5 P.M. (previous day)

233

/3-TGdR
+ ara-C

3.4
20

8-9 A.M. 12.3 Â±3.3
4-5 P.M. (previous day)

145

Therapy with 6-thioguanine and ara-C for L1210. Groups of 6 BDFi female mice were injected with
X 10Â°L1210 cells per mouse and treated on Days 1-6 inclusive. Abbreviations as in Table 3.

and these neoplasms. Such deletions do occur as was
indicated in a study by Koshiura and LePage (10) for the
enzyme adenosine deaminase. The situation described by
Koshiura and LePage, in which enzyme levels were very low
in some tumors, along with earlier studies, serves to illustrate
several important points: (a) It would be imperative to assay
a biopsy of the individual tumor to determine whether it
was one low in adenosine deaminase and, therefore, likely to
be susceptible to adenosine analogs while allowing the
normal tissues the protection of higher levels of adenosine
deaminase. (Ã¨) Since the bone marrow and intestinal mucosa
are relatively high in adenosine deaminase, they are well
protected from such adenosine analogs (ara-A, 9-0-D-arabino-
furanosyladenine; xyl-A, 9-ÃŸ-D-xylofuranosyladenine) and
would not be the primary source of toxicity problems. It is
worth noting that, as a consequence of the good protection
afforded the reticuloendothelial system from such analogs,
they are not immunosuppressive, a very desirable feature
(19)2. (c) This is a case where the animal model systems

may have broken down.
Two adenosine analogs with carcinostatic properties have

been studied in some detail. ara-A has been found to be
converted to the triphosphate, and in this form to be an
inhibitor of DNA synthesis (6, 20); xyl-A, as the triphos
phate, has been found to inhibit both RNA and DNA
synthesis because it inhibits the synthesis of a key inter
mediate (5-phosphoribosyl-l-pyrophosphate). For both
analogs, a correlation was established in a series of ascites

We have found that neither 9-0-D-arabinofuranosyladenine nor
9-(3-D-xylofuranosyladenine would inhibit rejection of skin homografts
or the production of hemagglutinins in mice at doses that are
carcinostatic.

tumors of mice between the adenosine deaminase level and
response. Those tumors having low or moderate levels of the
enzyme (e.g., 6C3HED, TA3, Ehrlich) could be "cured" with

either analog. Those having very high levels of the enzyme
(e.g., LI210) were relatively unaffected. Mouse blood and
the tumors generally recognized for screening purposes have
relatively high levels of adenosine deaminase. Human blood
and some human neoplasms (10) have lower levels of
deaminase. Thus it is difficult on the basis of animal tumor
responses to justify using these analogs in trials on human
cancers though it appears that they have several very
desirable characteristics. One additional property of xyl-A
should be mentioned. It is not as dependent on the mitotic
cycle since it interrupts RNA synthesis. Where a means of
protection is available for the normal tissues, it is desirable
to have an agent able to affect the "resting" cancer cells that

are a problem in the therapy for solid tumors. This example
may, therefore, merit further study in spite of a poor
showing in solid experimental tumor systems.
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