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Mammary Adenocarcinoma
LEONARD

J. LERNER, ALBERT BIANCHI,

Squibb Institute Jor Medical Research, \ew

AND

MARGARET

Growth of mammary adenocarcinoma H2712 is inhibited by
hydroxyurea. This compound was effective by daily, intermit
tent, or single s.c. injection. It was also effective when adminis
tered directly into the tumor.
Hydroxyurea is most efficacious when administered prior to
the onset of rapid growth.
Simultaneous administration of hormones with antitumor
activity in this system did not augment the effects of hydroxy
urea.
Introduction

Hydroxyurea (Hydreaâ€”Squibb) has been shown to possess
antineoplastic activity in a number of animal tumor systems
(2, 7, 11, 12, 15, 16), as well as in man (8, 9, 17). Preliminary
studies demonstrated that this compound can retard the growth
of the mammary adenocarcinoma H2712 (11). The present
investigation was undertaken to explore the effect of hydroxyurea
on the growth of this tumor under different conditions of dose,
onset of treatment, frequency of treatment, and combined
therapy.
and Methods

The mammary adenocarcinoma H2712 was grown in adult
female C3H/HeJ mice. At 7-8 days postimplantation of the
tumor, these donor mice were sacrificed by cervical dislocation
and the tumor area swabbed with 70% ethyl alcohol. Tumors
which were well-developed but not necrotic were selected for
transplantation. Each tumor was excised and placed in a Petri
dish containing sterile saline solution. The tissue was then minced
into pieces small enough to fit into a 17-gauge trochar. Trans
plantation was made by trochar technic into adult male and
female C3H/HeJ mice. The tumor piece was placed on the right
medioventral portion of the thorax between the ribs and the skin.
Aseptic technic was followed during the transplantation proce
dure.
Dose groups of 8-14 mice, weighing 20-22 gm each, were
employed. These animals were provided with ground Rockland
mouse chow and water ad libitum. Hydroxyurea and human
chorionic gonadotropin (Folluteinâ€”Squibb) were dissolved in
water; testosterone propionate and 17a-hydroxyprogesterone
caproate (Delalutinâ€”Squibb) were dissolved in sesame oil.
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Injections were via the s.c. route and administered in areas
removed from that of the tumor implantation site; an exception
to this was the study involving intratumor injections.
Results

The mammary adenocarcinoma (H2712) was originally ob
tained from the Jackson Memorial Laboratories at Bar Harlx>r
and transplanted in C3H/HeJ mice for a number of transplant
generations (approximately 50). Growth of H2712 was very
rapid (Chart 1). It was palpable 3-4 days postimplantation,
and rapid growth started 3 days later. At 11 or 12 days after
tumor implantation, the tumor reached a maximum weight of
3-4 gm. Also at this time some animals died, and by 15-20 days
all mice had succumbed. Tumor growth inhibited body (carcass)
growth. A loss in body weight was first noted on Day 8 after
tumor implantation. When tumor weight was at its maximum,
the loss in body weight was also at its maximum, averaging 2-3
gm.
Daily s.c. administration of 5 mg of hydroxyurea (approxi
mately 250 mg/kg) starting on the day of tumor implantation
reduced tumor growth approximately 90% when this tissue was
weighed on Day 10. A dose of 1 mg/day was almost as effective
in inhibiting H2712 growth. On Day 10 tumor growth was
inhibited in female and male animals by 75% and 80%, respec
tively. The 0.2-mg dose was much less effective. Treatment with
hydroxyurea not only inhibited tumor growth, but also prevented
body weight loss. On Day 10 after tumor implantation in the
absence of treatment, the average carcass weight was 2.3 gm less
than on Day 0. With the daily administration of 0.2, 1.0, and
5.0 mg of hydroxyurea, the changes in carcass weight on Day
10 were â€”0.5,+0.1, and +4.2, respectively.
Testosterone propionate, 17a-hydroxyprogesterone caproate,
and human chorionic gonadotrophin inhibit the growth of this
tumor (10, 13); therefore, each of these hormonal substances
was administered concomitantly with hydroxyurea to determine
whether additive or augmentative activity could be obtained.
It is interesting that not only were such combinations not addi
tive, but in every case the resultant inhibition of tumor growth
in male and female mice was less than that induced by hy
droxyurea (1 mg/day) alone.
Administration of a toxic agent on the day of tumor implanta
tion might possibly retard growth by preventing an adequate
"take" of the injected tissue and therefore, present an inaccurate
index of activity. A study was therefore made of the effect of
hydroxyurea (1 mg/day) on tumor weight when treatment was
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CHART1. Growth of the mammary adenocarcinoma (H2712)and effects of such growth on body weight in male and female C3H HeJ
mice.
TABLE 1
EFFECTOF HYDROXYUREA
ON THE MAMMARY
ADENOCARCINOMA
H2712 IN C3H/HEJ MICE
OFINITIALTREAT
8Tumor1.4
TREATMENTControlHU:Â«0.2mgHU:
DAILY
MENT"111111744MALEDay

0.210.1
Â±

mgHUl
mgHU
:5
mg+TP:
:1
mgHU:
0.5
mg+D1
mgHU:
: 10
mg+F:1
unitsHU
10
mgHU
:1
mgHU
:1
: 1 mgÂ»DAY

0.03'0.1
Â±
0.04'0.5
Â±

10Tumor

10Tumor
wt.62.5

wt.*1.3

0.431.6
Â±
0.14a0.5
Â±
0.10'0.3
Â±
0.12'0.9
Â±

0.190.2
Â±

0.01/0.5
Â±

0.04'0.2
Â±

wt.Â»2.0
0.301.5
Â±

0.23Â«0.5
Â±
0.04'N0.7
Â±

0.02'0.9
Â±
O.KV0.6
Â±

0.07'1.4
Â±

0.02'0.3
Â±

0.18'0.1
Â±

0.06'0.4
Â±

0.21*1.3
Â±

0.04'0.4
Â±

0.17'1.7
Â±

0.08'0.4
Â±

0.14d2.0
Â±

0.25Â«1.3
Â±
0.471.4
Â±
0.17d1.1
Â±
0.16*0.9
Â±
0.04'0.3
Â±
0.08'0.3
Â±
Â±0.03'.%inhibition93935959787178Day
Â±0.14'%inhibition36808864563248C4FEMALEDay8Tumor
Â±0.06'%inhibition85853154696977Day
Â±0.19'%inhibition25756530350

" Day of implantation = Day 1.
Â»MeanÂ±S.E. (gm).
c N, no survivors; TP, testosterone propionate; D, 17a-hydroxyprogesterone caproate (Delalutinâ€”Squibb); F, human chorionic
gonadotropin (Folluteinâ€”Squibb); HU, hydroxyurea.
d P < 0.05.
â€¢
Not significant.
'P < 0.01.
Â»
Injection into tumor.
delayed until Day 4, the day when the tumor becomes palpable,
or until Day 7, a day when rapid growth is underway. Delay
of treatment until Day 4 resulted in tumor weights which were
larger than those in animals where treatment was initiated on
Day 1; however, significant inhibition was obtained. All treated
mice sacrificed on Day 8 or 10 postimplantation had tumors
2298

which were 30-71% smaller than those of nontreated animals
sacrificed at the same time. Treatment started on Day 7 resulted
in tumor weights which were smaller in the male than those of
the controls, but this inhibition was not statistically significant.
Tumor inhibition may be influenced by the concentration of
the antitumor agent at the site of the growth. Therefore, hyCANCER RESEARCH VOL. 26
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TABLE 2
EFFECTOFHYDROXYUREA
ONH2712 GROWTHOFC3H/HEJ MICEONDAY11 POST-TUMOR
IMPLANTATION
HYDROXYUREATOTAL
RÃ‰GIMENControl1
DOSE(mg)101010102525DnSE

wt.(gm)"2.6

0.360.7
Â±
0.0963.3
Â±
mg for 10 daysMALETumor
l.liO.16610
mg on Days 2, 5, 8
0.13k1.6
Â±
410mg on Day
0.2262.1
Â±
6Control2.5
mg on Day
days3
mg for 10
times on Day 11.0

0.430.3
Â±
0.17"0.7
Â±
Â±0.20Â»%

inhi
wt.(gm)"2.4
bition746060388665FEMALETumor

inhi
bition645150428274

0.320.8
Â±
O.Wh1.2
Â±
0.17"1.2
Â±
0.13"1.4
Â±
0.20Â»2.5
Â±
0.51*0.5
Â±
0.15Â»0.7
Â±
Â±0.16"%

Â«
Mean Â±S.E. (gm).
"P < 0.01.
droxyurea (1 mg/day) was injected directly into the tumor
mass starting on Day 4. The results (Table 1) demonstrated
that s.c. or intratumor injection produced similar degrees of
tumor growth inhibition.
Dose regimen may be critical in producing efficacious treat
ment with a rapidly metabolizing drug. A study was therefore
performed in which a total dose of 10 or 25 mg was administered
under several different treatment protocols. All treatments
produced significant tumor inhibition (Table 2). When the total
dose (10 mg) was given intermittently on Days 2, 5, and 8, the
reduction in tumor growth was slightly less but not significantly
different from that produced by daily administration of the
same total dose. Similarly, when the entire dose was administered
in a single s.c. injection on Day 4, the result approximated that
of daily or intermittent treatment. However, administering the
entire dose (10 mg) on Day 6 produced tumor inhibition which
was less than that obtained by the other dose schedules. In
creasing the total dose of hydroxyurea to 25 mg administered in
10 daily injections resulted in tumor inhibition of 86*^ and 82%
in the male and female mouse, respectively. When the entire
25-mg dose was administered in 3 divided doses on Day 1 tumor
growth retardation resulted which was not significantly different
from that produced by daily injection of this drug.
No significant sex difference in the response to this antitumor
agent was observed.
Discussion

The mammary adenocarcinoma H2712 is a rapidly growing
tumor readily propagated in mice and therefore lends itself to
the study of antitumor compounds that are effective within a
short period of time or are available in only small amounts.
Several steroids which have been active in inducing remissions
in human breast and uterine cancers have also been effective
antitumor agents in the H2712 tumor system (10, 13).
The present investigation demonstrates that hydroxyurea is
an effective agent in nontoxic doses in preventing growth of the
H2712 tumor. The activity of this compound was not due to
interference with the initial establishment of the neoplasm since
a delay of drug administration until after growth had begun also
NOVEMBER 1966

resulted in retarded tumor growth. It is interesting that ad
ministration of this compound every 3rd day was as efficacious
as daily treatment. Even a single injection or multiple injection
in a single day was as effective as daily dosage if the drug was
administered prior to the onset of rapid growth of the tumor.
Since it has been demonstrated that hydroxyurea interferes with
DNA synthesis (5, 6, 14, 18), it can be postulated that this drug
prevents tumor growth by retarding cellular proliferation. There
fore, the earlier an effective dose is administered the greater the
potential for inhibition of tumor growth. If doses are employed
that produce toxicity not limited to the desired target tissue,
use of intermittent treatment such as described in this report
can minimize such toxicity without sacrificing the antitumor
effect of the drug. This reduction in toxicity may be a result of
the rapid excretion of hydroxyurea (1, 3, 4) and the avoidance
thereby of a sustained insult to the bone marrow. Recently,
Lerner and Heckloff (9) reported a reduction in toxicity without
a decrease in therapeutic effectiveness which resulted from the
use of an intermittent regimen of hydroxyurea in man.
The use of steroidal and protein hormones which were previ
ously found to be antagonistic to the growth of this mammary
adenocarcinoma (10, 13) together with hydroxyurea did not
result in greater antitumor activity. It would be of interest to
administer hydroxyurea intermittently and alternated with one
of the effective hormonal antitumor agents. Such treatment
might result in enhanced tumor inhibition without increasing
toxic manifestations.
Acknowledgments

The authors greatly appreciate and thank Mrs. E. Dzelzkalns
for her help and assistance in these studies.
References

1. Adamson, R. H., Davidson, J. D., Ague, L. S., and Hess, S. M.
Excretion and Metabolism of Hydroxyurea in Animals. Proc.
Am. Assoc. Cancer Res., 6: 1, 1965.
2. Adamson, R. H., Yancey, S. T., Ben, M., Loo, T. L., and
Rail, I). P. Some Aspects of the Antitumor Activity and Phar
macology of Hydroxyurea. Arch. Intern. Pharmacodyn., 15S:
87-104, 1965.
22!Â»!I

Downloaded from cancerres.aacrjournals.org on April 20, 2019. © 1966 American Association for Cancer Research.

Leonard J. Lerner, Albert Bianchi, and Margaret Dzelzkalns
3. Bolton, B. H., Woods, L. A., Kaung, D. T., and Lawton, R. L.
A Simple Method of Colorimetrie Analysis for Hydroxyurea.
Cancer Chemother. Kept., 46: 1-5, 1965.
4. Davidson, J. D., and Winter, T. S. A Method of Analyzing for
Hydroxyurea in Biological Fluids. Ibid., 27: 97-110, 1963.
5. Gale, G. R. Effect of Hydroxyurea on the Incorporation
of
Thymidine into Ehrlich Ascites Tumor Cells. Biochem. Pharmacol., IS: 1377-82, 1964.
6. Gale, G. R., Kendall, S. M., McLain, H. H., and DuBois, S.
Effect of Hydroxyurea on Pseudomonas aeruginosa. Cancer
Res., 24: 1012-20, 1964.
7. Hilf, R., Bell, C., Michel, I., Freeman, J. J., and Borman, A.
Effect of Hydroxyurea
and Related Compounds on HMC
Mammary Tumor Growth and Nucleic Acids in Fischer Rats.
Ibid., 26:2284-89, 1966.
8. Krakoff, I. H., Savel, H., and Murphy, M. L. Phase II Studies
of Hydroxyurea
in Adults: Clinical Evaluation.
Cancer
Chemother. Rept., 40: 53-6, 1964.
9. Lerner, H. J., and Beckloff, G. L. Hydroxyurea Administered
Intermittently.
J. Am. Med. Assoc., 192: 1168-70, 1965.
10. Lerner, L. J., Bianchi, A., Dzelzkalns, M., and Borman, A.
Effect of Testosterone, Estradiol, Progesterone and Hydroxyprogesterone Caproate on the Growth of a Mammary Tumor in
Mice. Proc. Am. Assoc. Cancer Res., 6: 39, 1965.
11. Lerner, L. J., Bianchi, A., Dzelzkalns, M. and DePhillipo,
M. Anti-Leukemia and Anti-Tumor Activities of Hydroxyurea

2300

12.

13.

14.

15.

16.

17.

18.

in the Experimental Animal. Proc. Am. Assoc. Cancer Res.,
4: 37, 1963.
Lerner, L. J., Bianchi, A., Yiacas, E., and Borman, A.
Effects of Hydroxyurea and Related Compounds on the Blood
and Marrow of Experimental Animals. Cancer Res., 26: 229094, 1966.
Lerner, L. J., Hilf, R., Bianchi, A., Dzelzkalns, M., and Bor
man, A. Effect of Delalutin on Mammary Tumors in the Mouse
and Rat. Monograph on Therapy, in press.
Rosenkrantz, H. S. and Levy, J. A. Hydroxyurea: A Specific
Inhibitor of Deoxyribonucleic Acid Synthesis. Biochim. Biophys. Acta, 96: 181-83, 1965.
Stearns, B., Losee, K. A., and Bernstein, J. Hydroxyurea: A
New Type of Potential Antitumor Agent. J. Med. Chem., 6:
201, 1963.
Thurman, W. G. (ed.), Symposium on Hydroxyurea. A Dis
cussion of Pharmacology,
Mechanism of Action, Animal
Screening Studies and Clinical Studies. Cancer Chemother.
Rept., 40: 1-78, 1964.
Thurman, W. G., Bloedow, G., Howe, C. D., Levin, W. C.,
Davis, P., Lane, M., Sullivan, M. P., and Griffith, K. M. A
Phase I Study of Hydroxyurea.
Cancer Chemother. Rept.,
29: 103-7, 1963.
Yarbro, J. W., Kennedy, B. J., and Barnum, C. P. Hydroxy
urea Inhibition of DNA Synthesis in Ascites Tumor. Proc.
Nati. Acad. Sei. U. S., 53: 1033-35, 1965.

CANCER

RESEARCH

Downloaded from cancerres.aacrjournals.org on April 20, 2019. © 1966 American Association for Cancer Research.

VOL. 26

Effect of Hydroxyurea on Growth of a Transplantable Mouse
Mammary Adenocarcinoma
Leonard J. Lerner, Albert Bianchi and Margaret Dzelzkalns
Cancer Res 1966;26:2297-2300.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/26/11_Part_1/2297

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/26/11_Part_1/2297.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on April 20, 2019. © 1966 American Association for Cancer Research.

