
[CANCER RESEARCH 40, 2730-2735, August 1980]
0008-5472/80/0040-0000$02.00

Protection by Testosterone from Fluorouracil-induced Toxicity without
Loss of Anticancer Activity against Autochthonous Murine Breast
Tumors1

Robert L. Stobfi,2 Robert C. Sawyer, Rabindranath Nayak, Sob Spiegelman, and Daniel S. Martin

Catholic Medical Center of Brooklyn and Queens, New York 1142 1 (R. L. S. . R. C. S., D. S. Ml, and Institute of Cancer Research, College of Physicians and
Surgeons, Columbia University, New York 10032 [R. N., S. S.], New York

ABSTRACT

The present paper describes the specific amelioration of 5-
fbourouracil (FUra)-induced host toxicity (manifest in body
weight loss, beukopenia, and mortality) by testosterone in the
spontaneous, autochthonous CD8F1 (BALB/c x DBA/8F1)
murine breast tumor model. Administration of testosterone did
not affect the growth rate of these hormone-independent tu
mors, and, most importantly the antitumor activity of FUra was
not reduced in testosterone-treated mice. Therefore, the net
result of treatment with the combination of FUra and testoster
one was an increase in the selective antitumor specificity of
FUra.

INTRODUCTION

The efficacy of cancer chemotherapy is limited by the small
differential in cytotoxic susceptibility between normal and neo
plastic tissue. Because of this poor selectivity, it has been
necessary to administer chemotherapeutic agents in subopti
mal doses in order to avoid serious manifestations of toxicity in
the host. More effective chemotherapy might be achieved if
toxic manifestations in normal host tissues could be amebio
rated selectively without compromising the anticancer activity
of the drug. In such circumstances, it would be possible to
utilize increased dosages and/or more aggressive treatment
schedules necessary for eradication of the neoplastic cell
population.

The present paper describes the specific amelioration of
FUra3-induced host toxicity (manifest in body weight loss,
beukopenia,and mortality) by testosterone in the spontaneous,
autochthonous CD8F1 murine breast tumor model. Testoster
one initially was selected for this purpose on the basis of its
reported ability to protect against the toxicity of another pyrim
idine antagonist, deazauridine (2). Recently, testosterone has
been shown to protect against toxicity associated with still
another pyrimidine antagonist, (aS, 55)-a-amino-3-chboro-4,5-
dihydro-5-isoxazobeacetic acid (17). We have previously re
ported that the administration of testosterone can protect
against host toxicity without interfering with the anticancer
activity of FUra-containing chemotherapeutic drug combina
tions in a primary syngeneic CD8F1 breast tumor system (13,
14).
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In the present studies, the amelioration of host toxicity by
testosterone was evident when FUra was administered either
alone or together with dThd. Significantly, the antitumor activity
of FUra was not affected by testosterone, and therefore, the
combination of testosterone and FUra resulted in an increase
in the operational antitumor specificity of FUra.

MATERIALS AND METHODS

Murine Tumor System (Spontaneous,Autochthonous
Mammary Carcinomas). For each therapy experiment, CD8F1
hybrid mice bearing single spontaneous, autochthonous breast
tumors arising during the preceding week were selected from
our colony which has been described previously (12, 23). All
tumors were measured, and the mice then were distributed
among experimental groups so that mice carrying tumors of
approximately equal weight were represented in each group.
Tumor-free 3- to 5-month-old female CD8F1 mice were used
for toxicity studies.

Toxicity Measurements. Animal body weights were moni
tored immediately before and biweekly after the initiation of
treatment. In experiments with tumor-bearing mice, the calcu
lated tumor weight (see below), determined on each day that
the mice were weighed, was subtracted from the total mouse
weight to determine the actual body weight.

WBC levels in tail vein blood were determined either by
standard visual counting procedure or electronically with a
Fischer cell counter.

Chemotherapy.FUra was obtained from Hoffmann-La
Roche Inc., Nutbey,N. J., and dThd was obtained from Sigma
Chemical Co., St. Louis, Mo. Each agent was dissolved in
0.85% NaCI solution immediately before use and was admin
istered i.p. so that the desired dose was contained in 0.1 ml/
10 g of mouse weight. However, when FUra was administered
in doses above 100 mg/kg, the desired concentration was
contained in 0.2 mb/i 0 g of mouse body weight. The agents
were used in combination because the biological activity of
FUra is potentiated by dThd (i 3â€”15, 2i).

Testosterone.Testosteroneenanthate(Debatestryl;E. R.
Squibb & Sons, Princeton, N. J.) was administered in the thigh
muscle in a volume of 0.05 ml.

TumorMeasurements.Twoaxesof thetumor(the longest
axis, L, and the shortest axis, W) were measured with the aid
of a vernier caliper. Tumor weight was estimated according to
the formula

tumor weight (mg) = L (mm) x [W (mm)@]/2

Statistical Evaluation. Student's t-test was used for statis
ticabevaluation of differences in tumor size, animal body weight,
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and WBC level between treated and control groups. Differences
in mortality statistics between groups were compared for sig
nificance by x2 analysis. For all statistical evaluations, differ
ences between groups with a statistical p of 0.05 or less were
considered significant.

RESULTS

Correlation of Leukopenla and Mortality In Normal Female
CD8F1 Mice Treated with High-Dose dThd and FUra (Table
1). Ten normal, 3-month-old female CD8F1 mice were treated

with a toxic regimen of 3 weekly courses of dThd at 500 mg/
kg followed 0.5 hour later by FUra at 75 mg/kg. WBC levels
were measured immediately before the first course of treatment
and immediately before the third course of treatment [i.e. day
14 (1 week after the second course of treatment)].

Leukopenla was evident in all mice on Day 14 (Table i ) and
a direct correlation was observed between the magnitude of
WBC depressionon Day 14 and subsequentmortalityby Day
21. With one exception (WBC count of 2225), those mice with
WBC below 2625 on Day 14 were dead 1 week later, while all
of the mice with WBC above 2775 were still alive on Day 21
(1 week after the third course of treatment).

Prevntlon of FUrs-Induced Toxicity with Depot Testoster
one (Table 2). Table 2 records an experimentwith the same
toxic regimen of treatment with dThd and FUra given to each
of 2 groups (Groups 1 and 2) of 10 normal female CD8F1mice.
In addition, one of these groups (Group 2) received testoster
one enanthate, 10 mg/mouse i.m., on the 2 successive days
preceding each of the 3 weekly courses of dThd and FUra.
Two additional groups of I 0 mice each (Groups 3 and 4)
received 3 weekly courses of a toxic dose (130 mg/kg) of
FUra alone, and one of these 2 groups (Group 4) also was
treated with testosterone enanthate on the 2 successive days
preceding each of the 3 weekly courses of FUra. WBC levels
were measured 5 days after the third course of treatment, and
the mice were observed for mortality for an additional 21 days
(Table 2).

Similar levels of toxicity [severe leukopenia, excessive body
weight loss, and a high (50 to 70%) mortality] were observed
in mice treated with FUra at 75 mg/kg in conjunction with dThd
(Group 1) and In mice treated with FUra alone at 130 mg/kg
(Group 3). (it should be noted that dThd alone at the dose and
schedule used here produces no observable toxicity; data not
shown). In contrast, the addition of testosterone to either FUra

Table 1

Table 2
Prevention of FUra-induced toxicity in female dD8F, mice by treatment with

TE8

a TE, testosterone enanthate.
b Three courses of treatment were administered at weekly intervals with 10

mice/group. Subscripts, dose in mg/kg; superscripts, total dose, i.e. , mg/
mouse.

C WBC levels were measured 5 days after the third course of treatment.

d Mice were observed for 3 weeks after the third course of treatment.
e Mean Â±SE.

regimen (dThd and FUra, or FUra alone; Groups 2 and 4)
resulted in a significant sparing effect on the WBC level (p,
<0.005 for each of the 2 appropriate comparisons) and a
substantial decrease in body weight loss. The amelioration of
toxicity was also reflected in decreased mortality rates. In
contrast to the 70% mortality in mice that received dThd and
FUra without testosterone protection (Group 1), no mortality
was observed in the testosterone-treated mice that received
dThd and FUra (p, <0.01 ; Group 2). In mice that received FUra
alone at 130 mg/kg, testosterone treatment resulted in a
decrease in mortality rate from 50% to 20%. Although the latter
difference is not significant in this particular experiment, over
20 repetitions of both types of experiments confirmed the
protective effect of testosterone under these conditions.

Because fluid retention can be a complication of testosterone
treatment, mice were observed carefully for signs of edema.
There was no evidence of ascites or swollen extremities.

Comparison of Toxicity of dThd and FUra in Male and
Female CD8F1Mice (Chart 1). In lightof the fact thatandrogen
treatment resulted in significant amelioration of the toxicity
associated with FUra in female CD8F1mice, it seemed possible
that there would be a sex-dependent difference in the toxic
manifestations of FUra. Accordingly, we examined the toxicity
of 2 weekly injections of dThd and FUra (at the same toxic
dosages used in the preceding experiment) in 5-month-old
male and female CD8FI mice and in 5-month-old male mice
that had been castrated 17 days before administration of drugs.
Average body weight changes in these 3 groups of mice during
a 28-day observation period are plotted in Chart 1. The weight
bosspattern was substantially different between normal males
and females. Maximum weight loss in males was less than I 0%
as compared to nearby 29% in females. In addition, males
returned to pretreatment weight quickly after the first injection
of dThd and FUra and again within 9 days after the second
injection, whereas the females did not regain weight after the
first injection and still had not returned to normal weight as
bongas 21 days after the second injection. Thirty-three % ( 5
of 15) of the females were dead by Day 28, whereas there was
no mortality (0 of 15) in the males. Weight loss was more
profound in castrated males than in normal males. The cas
trated mice did not regain pretreatment weight level between
the 2 courses of drug treatment, and weight recovery was
much slower in castrated than in normal males after the second
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mors was confirmed in a separate experiment with FUra, 100
mg/kg (data not shown). These results illuminate a differential
between tumor and host tissue in the protective action of
testosterone.

Effect of Time of Administration of Depot Testosterone
(Table 3). Table 3 presentsan experimentwith one course of
testosterone enanthate (10 mg/mouse i.m. on each of 2 suc
cessive days) given to groups of normal female CD8F1 mice
beginning either 3 (Group 3) or 9 (Group 4) days before
administration of a single 300 mg/kg dose of FUra. Control
groups were treated with 0.85% NaCI solution (Group 1) or
with FUra only (Group 2). WBC levels were measured on Day
0 (day of administration of FUra) and on Days 4, 7, and 11.

On Day 0, mice pretreated with depot testosterone beginning
9 days earlier (Group 4) showed slight elevation of WBC level
compared to that of controls, whereas mice pretreated with
testosterone only 3 days earlier (Group 3) had essentially the
same WBC as did the controls. In Group 2, FUra-induced WBC
depression was detectable on Day 4, reached a nadir of 2200
on Day 7 and was diminishing in those mice surviving the FUra

Chart 2. Antitumor activity of FUra in testosterone-treated, and untreated
female cD8F, mice (15/group) bearing autochthonous mammary carcinomas.
Saline control, 0.85% NaCIsolution (0); FUra at 75 mg/kg i.p. on Days 0, 7, 14,
and 21 (â€¢);testosterone enanthate at 10 mg/mouse i.m. on 2 successive days
preceding each dose of FUra at 75 mg/kg on Days 0, 7, 14, and 21 (ti). Bars,
SE.
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Chart 1. Body weight changes in normal male CD8F mice, castrated male
CD8F, mice, and normal female CD8F, mice treated with Fura at 75 mg/kg 0.5
hr after dThd at 500 mg/kg on Day 0 and Day 7 (drug injections, arrows). Bars,
SE. with 15 mice/group.

injection of FUra. Further, there was a 19% mortality (3 of 16)
in the castrated males as compared to no mortality (0 of 15) in
normal males.

Antitumor Activity of FUra in Testosterone-treated Mice
(Chart 2). CD8F1 mice bearing autochthonous breast tumors
(averaging 200 to 300 mg) were used to determine the effect
of testosterone on the antitumor activity of FUra. One group of
tumor-bearing mice was treated with a regimen of 4 weekly
injections of a known effective, but suboptimal dose of FUra
alone (75 mg/kg). The second group received the same regi
men of FUra, but in addition, it received testosterone enanthate
(10 mg/mouse i.m.) on each of the 2 successive days preced
ing each injection of FUra. (There was no drug mortality in
either of these groups. At its nadir, body weight bosswas 12%
in mice treated with FUra alone and 7% in mice treated with
testosterone plus FUra.) Tumor weights throughout a 28-day
observation period in the 2 FUra-treated groups as well as in
controls treated only with 0.85% NaCI solution are shown in
Chart 2. Statistically significant inhibition of tumor growth was
observed in FUra-treated mice throughout the observation pe
nod. Tumor growth in the group treated with testosterone and
FUra was essentially identical to that observed in the group
treated only with FUra. The lack of effect of testosterone on
the activity of FUra against autochthonous CD8F1 breast tu

4 8 @2 16 20 24 28

DaysAfter Initiation of Treatment

Table 3
Protection against FUra-induced toxicity in female CD8F, mice is dependent upon time of administration of TE@

TE, testosterone enanthate; qldx2, treatment once daily on each of 2 successive days.
b TE at 10 mg/mouse, i.m.; FUra@ administered as a single dose of 300 mg/kg, i.p. (1 0 mice/group).
C Mean Â± SE.
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treatment (6200) on Day 11. Fifty % of these mice (5 of 10)
were dead on Day 14. No protection against FUra-induced
toxicity was observed in mice pretreated with testosterone
beginning 3 days before FUra (Group 3). These mice showed
WBC nadir of 221 0 on Day 7, a partial recovery (6660) in
surviving mice on Day 11, and 80% (8 of 10) mortality by day
14. In contrast, mice treated with testosterone beginning 9
days before FUra (Group 4) showed a nadir WBC count on Day
7 of 4540 which was significantly higher (p, 2.83 x 10@) than
that seen in FUra-treated mice that did not receive testosterone
(Group 2). Further, recovery in Group 4 was more complete on
Day 11 (WBC levels of 14,000; p, 5.72 x 1O@ versus Group
2). The testosterone-associated protection from leukopenia in
mice treated with testosterone beginning 9 days before FUra
also was correlated with decreased mortality (0% in Group 4
versus 50%, in Group 2; p, <0.05).

These results indicate that (with the depot form of testoster
one) there is a time bag after administration of testosterone
before the protective activity is manifest. In this experiment, it
was demonstrated that significant protection could be obtained
when testosterone treatment was initiated 9 days before, but
not 3 days before, FUra. In subsequent confirmatory experi
ments (not shown), it was demonstrated that significant protec
tion could be obtained when testosterone treatment was initi
ated 9, or 5 days before, but not 3 days before, FUra.

Optimal Dose of Depot Testosterone (Table 4). Table 4
presents the pooled results of 2 separate experiments with
normal 3-month-old female CD8F1 mice (10 and 15 mice/
group in the first and second experiment, respectively) pre
treated with one of varying concentrations of depot testoster
one 5 days before each of 2 weekly courses of a toxic dose of
dThd and FUra (i.e., with FUra at 75 mg/kg). As a control, in
each experiment, one group of mice received the same dThd
FUra treatment but was not pretreated with testosterone. WBC
bevels and body weights were measured 1 week after the
second course of chemotherapy in each experiment (i.e., the
usual time, previously determined, at which nadir WBC levels
were reached after this schedule of chemotherapy).

The dThd-FUra regimen used was clearly toxic (Group 1),
yielding an average body weight bossof 23% and an average
WBC count of 3672 (compared with an average pretreatment
WBC count of 16,596, not shown), and ultimately, 18 of the 25
mice that received dThd and FUra without depot testosterone
died within 3 weeks after the second course of drug treatment.
Groups 2 to 4 demonstrate that depot testosterone treatment
prior to each of 2 courses of the drugs resulted in a clear-cut

dose-related protection against drug-induced toxicity. Doses
of testosterone of 1 mg/mouse and above produced statisti
cally significant protection against body weight loss (p, 3.8 x
10_6), WBC depression (p, 4.49 x 10@), and mortality (p,

1 .49 X 1Os). The single lower dose of testosterone tested,
0.2 mg/mouse, had only a minimal protective effect which was
not statistically significant in terms of body weight change or
mortality, although protection against leukopenia was signifi
cant (p = 0.002) even at this low dose. At the highest dose of
testosterone tested, 20 mg/mouse, there was essentially no
weight loss (0.4%), the WBC count (i 5,596) was not signifi
cantly different from pretreatment count (16,596, not shown),
and only 1 of 25 treated mice died. In terms of body weight
loss and WBC count, results obtained with 20 mg/mouse were
statistically superior to those obtained with the next highest
dose of testosterone tested (5 mg/mouse). Therefore, a dose
of 20 mg of testosterone per mouse is considered to be the
optimal dose for protection in this murine system.

DISCUSSION

Leukopenia and body weight loss are manifestations of bone
marrow and intestinal toxicity frequently associated with FUra
therapy. The present results demonstrate a clear-cut ability of
testosterone to protect the function of normal bone marrow
and intestinal epithelium (i.e., host weight) in female CD8F1
mice against the toxicity of FUra. Further, testosterone did not
interfere with the antitumor activity of FUra, and therefore, the
net result was an increase in the operational antitumor speci
ficity of FUra in testosterone-treated mice. Testosterone alone
(data not shown) did not demonstrate antitumor activity against
the hormonalbyindependent CD8F1breast tumor (12). In ancil
bary studies (13, 14), we have demonstrated that the use of
testosterone permitted the therapeutically beneficial combina
tion of FUra with N-(phosphonacetyl)-L-aspartate (at doses
which otherwise resulted in intolerable toxicity.

It is apparent from results in Chart 1 that androgens provide
protection from FUra toxicity at â€˜physiological' â€b̃evels in the
mouse. For example, normal male CD8F1 mice exhibited less
FUra-associated toxicity than did normal female CD8F1mice of
the same age. Further, males were distinctly more susceptible
to the toxic manifestations of FUra following castration. Never
theless, when administered therapeutically, the optimal dose
of testosterone enanthate for protection against FUra-induced
toxicity (i.e., leukopenia, body weight loss, and mortality) was
found to be 20 mg per mouse. This dose is very similar to the

Table 4

a TE, testosterone enanthate.

b Two courses of treatment were administered with a 1-week interval between courses. Subscripts and
superscripts as defined In Table 2, Footnote b.

CDay14is1weekafterthesecondcourseoftreatment.
d Mice were observed for mortality for 3 weeks after the second course of treatment.
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reported optimal dose of testosterone (18 mg) required for
stimulation of erythropoiesis in mice (16).

Host-sparing activity was increased substantially when the
time interval between the administration of depot testosterone
and FUra was increased from 2 days to 5 or 9 days. A similar
bagperiod also has been reported for erythropoietic stimulation
by testosterone in mice (16). We have not yet determined either
the duration of the protective effect after a single administration
of depot testosterone or that following daily administration of
short-acting testosterone (e.g., testosterone propionate). Such
information will be necessary for planned studies where testos
terone will be administered repeatedly during prolonged FUra
chemotherapy treatment schedules.

The beneficial effect of androgens on erythropoieses in
patients with anemic disorders is well established (8, 11).
However, compelling evidence for androgen stimulation of
granubopoiesishas accumulated only recently. Nortestosterone
decanoate has been reported to stimulate granubopoiesis in
mice made neutropenic by 1,3-bis(2-chboroethyl)-1-nitrosourea
(27, 28). Kinetic analysis revealed androgen-stimulated probif
eration of both the pluripotential marrow stem cell and its direct
descendant, the unipotential stem cell (i.e., the direct antece
dent of the myeboblast)(27). Testosterone has also been shown
to increase granubocyte colony formation in cultures of human
marrow when testosterone was administered in vitro (19) or in
vivo for several days before marrow collection (5). Here, too,
the unipotential stem cell was implicated as the target for
testosterone stimulation (26).

In addition to the stimulation of bone marrow stem cells (18),
testosterone may provide some specific biochemical protection
in relation to FUra-induced injury in intestinal epithelium and
bone marrow. Since we believe that the major biological activity
of FUra ensues as a result of its incorporation into RNA (i 3â€”
15, 21), it is pertinent to note that testosterone has been
reported to affect RNA biosynthesis; testosterone has also
been shown to increase RNA pobymeraseactivity in the livers
of immature rats and castrated mice (1 . 6). Further, Tarnowski
and Zak (25) reported increased aspartate transcarbamoylase
activity in the liver and kidney of castrated rats. We are cur
rently booking at the effect of FUra on RNA biosynthesis in
control and testosterone-treated mice. It is possible that the
selective protection of the host provided by testosterone may
be due in part to differential activity in normal as opposed to
tumor tissue as regards pyrimidine and RNA metabolism.

Androgenic hormones long have been utilized clinically as
specific anticancer therapy for hormone-responsive cancers
(20, 24). In addition, anabolic steroids are increasingly rec
ommended as adjuvants to chemotherapy in cancer patients
for the general purpose of improving erythropoietic parameters,
nutritional intake, weight gain, and performance status (4, 7â€”
9, 22). In cancer patients, androgens have been reported to
protect against beukopenia induced by FUra (3, 4) or by the
combination of vincristine, Adriamycin, and cycbophosphamide
(1 0). However, the effect of androgen treatment on the antitu
mor efficacy was not determined in these clinical studies. The
most promising results have been reported in a recent study of
the addition of testosterone to a maintenance regimen of Cy
toxan, methotrexate, and FUra in breast cancer patients (26)
where significant increase in duration of partial remission was
ascribed to greater drug delivery permitted due to increased
marrow support by the androgen.

Because of the small differential in cytotoxic susceptibility
between normal and neoplastic tissue, host toxicity is the
success-limiting factor in current cancer chemotherapy. The
ability to reduce the host toxicity associated with as important
a clinical agent as FUra with testosterone without boss of
antitumor effect (demonstrated in the present study) would
appear to provide the basis for a significant advance in cancer
chemotherapy with FUra or with FUra-containing combinations
of chemotherapeutic drugs.

ACKNOWLEDGMENTS

The authors thank James W. Darnowski and Jacqueline L. Klimkowski for
excellent technical assistance.

REFERENCES

1. Avdalovic, N., and Kockakian, C. D.Androgen regulation of RNA-polymerase
activity in isolated mouse kidney nuclei. Biochim. Biophys. Acta, 182: 382â€”
393, 1969.

2. Bloch, A., Dutschman, G., Grindey, G., and Simpson, C. L. Prevention by
testosterone of the intestinal toxicity caused by the antitumor agent 3-
deazauridine. Cancer Res., 34: 1299â€”1303, 1974.

3. Brodsky, I., Dennis, L. H., and Kahn, S. B. Testosterone.enanthate (NSC
17591) as a bone marrow stimulant during cancer chemotherapyâ€”prelim
mary report. Cancer Chemother. Rep., 34: 59-63, 1964.

4. Brodsky, I., Kahn, S. B., and Conroy, J. F. The effects of androgens on
cancer chemotherapy. In: I. Brodsky, S. B. Kahn, and J. F. Moyer (eds.),
Cancer Chemotherapy II, pp. 303â€”314. New York: Grune S Stratton, Inc.,
1972.

5. Canellos, G. P., and Hess, S. M. Alterations in granulopoiesis induced by
testosterone in vivo and in vitro. Clin. Res., 2 1: 603, 1973.

6. Fujii, T., and Villee, C. A. Effect of testosterone on ribonucleic acid metab
olism in the prostate, seminal vesicle, liver, and thymus of immature rats.
Endocrinology, 82: 463â€”467,1968.

7. Gorshein, D., and Asbell, S. Effect of androgens on ferrokinetics in patients
with metastatic breast cancer receiving chemotherapy. Proc. Am. Assoc.
Cancer Res., 20: 325, 1979.

8. Gorshein, 0., and Brodsky, I. Androgen and cancer chemotherapy. In: I.
Brodsky, S. B. Kahn, and J. F. Conroy (eds.), Cancer Chemotherapy Ill, pp.
327-336. New York: Grune & Stratton, Inc., 1978.

9. Greenspan, E. M. Combination cytotoxic chemotherapy in advanced dissem
mated breast carcinoma. J. Mt. Sinai Hosp., 33: 1â€”27,1966.

10. Huys, J., and Van Vaerenbergh, P. M. The effect of nandrolone decanoate
on bone marrow suppression induced by cytostatic agents. Clin. Oncol., 2:
207â€”214,1976.

11. Kennedy, B. J., and Gilbersten, A. S. Increased erythropoiesis induced by
androgenic hormone therapy. N. EngI. J. Med., 256: 720-726, 1957.

12. Martin, D. S., Fugmann, R. A., Stolfi, R. L., and Hayworth, P. E. Solid tumor
animal model therapeutically predictive for human breast cancer. Cancer
Chemother. Rep., 5: 89â€”109, 1975.

13. Martin, D. S., Nayak, R., Sawyer, R. C., Solfi, R. L., Young, C. W., Woodcock,
T., and Spiegelman, S. Enhancement of 5-fluorouracil chemotherapy with
emphasis on the use of thymidine. Cancer Bull., 30: 219â€”224,1978.

14. Martin, D. S., Stolfi, R. L., Sawyer, R. C., Nayak, R., Spiegelman, S., Young,
C. W., and Woodcock, T. An overview of thymidine. Cancer (Phila.), 45:
1135-1143, 1980.

15. Martin, D. S., Stolfi, R. L., and Spiegelman, S. Striking augmentation of the
in vivo anti-cancer activity of 5-fluorouracil (FU) by combination with pyrim
idine nucleosides: an RNA effect. Proc. Am. Assoc. Cancer Res., 19: 221,
1978.

16. Naets, J. P., and Wittek, M. The mechanism of action of androgens on
erythropoiesis. Ann. N. Y. Acad. Sci., 149: 366â€”376,1968.

17. Neil, G. L., Berger, A. E., McPartland, R. P., Grindey, G. B., and Bloch, A.
Biochemical and pharmacological effects of the fermentation-derived anti
tumor agent (a5,5Sa-amino@-chloro-4,5-dihydro-5-lsoxazoleacetic acid
(AT-i 25). Cancer Res., 39: 852â€”856,1979.

18. Quesenberry, P., and Levitt, L. Hematopoietic stem cells. N. Engl. J. Med.,
301: 755-760, 1979.

19. Rosenblum, A. L, and carbone, P. P. Androgenic hormones and human
granulopoiesis in vitro. Blood, 43: 351 â€”356,1974.

20. Se9aloft, A. Hormonal therapy of breast cancer. Cancer Treat. Rev., 3: 129â€”
135, 1975.

21. Spiegelman, S., Nayak, R., Sawyer, R.. Stolfi, R., and Martin, D. Potentiation
of the anti-tumor activity of 5-FU by thymidine and its correlation with the
formation of (5FU) RNA. Cancer (Phila.), 45: 1129-1 134, 1980.

22. Spiers, A. S. D., and Allar, M. Beneficial effects of concurrent androgen

2734 CANCERRESEARCHVOL. 40



Testosterone Protection from FUra-induced Toxicity

treatment during cytotoxic chemotherapy. Proc. Am. Assoc. Cancer Res.,
20: 294, 1979.

23. Stolfi, R. L, Martin, D. S., and Fugmann, R. A. Spontaneous murine mam
mary adenocarclnoma: model system for the evaluation of combined ma
dalities of therapy. Cancer Chemother. Rep., 55: 239-251 , 1971.

24. TaIIey, A. w., Halnes, C. R., Waters, N., Goldenberg, I. S., Olson, K. D., and
Bisel, H. F. A dose-response evaluation of androgens in the treatment of
metastatic breast cancer. Cancer (Phila.), 32: 315â€”320,1973.

25. Tarnowski, R., and Zak, T. The influence of testosterone on the aspartate
carbamoyl transferase activity in liver and kidney of the rat. Endokrynol.

P01.,21: 439-443, 1970.
26. Tormey, D., Gelman, R., Band, P., and Falkson, G. Impact of chemohormonal

therapy upon maintenance in advanced breast cancer. Proc. Am. Assoc.
Cancer Res., 20: 356, 1979.

27. Udupa, K. B., and Reissmann, K. R. Acceleration of granulopoietic recovery
by androgenic steroids in mice made neutropenic by cytotoxic drugs. Cancer
Res., 34: 2517â€”2520,1974.

28. Udupa, K. B., and Reissmann, K. R. Stimulation of granulopoiesis by andro
gens without concomitant increase in the serum level of colony stimulating
factor. Exp. Hematol. (Copenh.), 3: 26-31 , 1975.

2735AUGUST1980




