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SUMMARY

The administration of a phenothiazine tranquilizer,
fluphenazine HC1, caused a decrease in the growth of the
R3230AC mammary adenocarcinoma of the Fischer rat.
Examination of various biochemical parameters in the cancers
of fluphenazine HCl-treated animals showed that drug
treatment caused a decrease in DNA levels, an increase in free
fatty acids and triglycÃ©rides,and significant elevations in the
activities of glucose-6-phosphate dehydrogenase,NADP-malate
dehydrogenase, phosphoglucomutase, and aspartate
aminotransferase. Mammary glands from the drug-treated
tumor-bearing animals were stimulated and demonstrated
striking increases (2 to 5 times per unit of tumor weight or 10
to 20 times per mg DNA) in enzyme activities compared with
those found in control animals. The alterations reported were
ascribed to the known ability of phenothiazines to stimulate
endogenous secretion of prolactin. Thus, creating a hormonal
milieu that stimulates normal mammary glands does not
necessarily stimulate growth of mammary tumors.

INTRODUCTION

Elucidation of the role of prolactin in mammary
tumorigenesis and growth has occupied the attention of many
scientists. In a recent review, Boot (4) pointed out that
prolactin is suspected of being one of the hormones mainly
responsible for the development or initiation of mammary
carcinoma in mice, a conclusion also reached by Furth (6) in
studies of rat mammary carcinomas. These conclusions were
based on studies involving s.c. isografts of pituitaries, which
secrete prolactin continuously (5, 19), and on experiments
with transplantable pituitary tumors, which secrete large
quantities of prolactin (7, 18). The mammary tumors that are
induced in these experiments show a dependence on prolactin
for growth, since removal of the source of prolactin secretion
resulted in regression of the cancers.

The role of prolactin in sustaining mammary tumor growth
in cancers not induced by high levels of prolactin is not as
clear. Depending on the experimental mammary tumor
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investigated, one could conclude that prolactin may or may
not play a role in its growth. Tumors induced by
3-methylcholanthrene and transplanted into isologous animals
are stimulated by prolactin-secreting pituitary tumors and
inhibited by hypophysectomy or doses of estrogen that
suppress prolactin secretion (18). The same is true for the
primary (in situ) mammary carcinomas induced by
administration of 7,12-dimethylbenz(a)anthracene (27, 29,
30). In contrast, the small number of women with breast
cancer who respond to hypophysectomy is not compatible
with a dependence of all mammary tumors on prolactin.

Since hormone dependency is not a uniform characteristic
of breast cancer, it is of interest to consider the possible role
of prolactin in other mammary tumors. The R3230AC tumor,
a transplantable mammary carcinoma of the Fischer rat, can
be called hormonally responsive rather than hormone
dependent, since its growth is inhibited by administration of
either estrogen or androgen but not by ovariectomy (13, 14).
Prolactin, administered simultaneously with estrogen,
enhanced the estrogen-induced inhibition of tumor growth
(12). When the R3230AC tumor was grown in the presence of
the MtTF4 mammotropic tumor, which secretes prolactin,
growth hormone, and adrenocorticotropic hormone, growth of
the R3230AC mammary tumor was inhibited in intact or
adrenalectomized rats (10). The inhibition of mammary tumor
growth occurred in animals in which striking stimulation of
the mammary gland had occurred, due to hormones secreted
by the pituitary tumor. The effects of prolactin on the growth
of the R3230AC tumor are open to question because either
the prolactin administered was ovine in origin or the prolactin
secreted by the MtTF4 pituitary tumor might have been
abnormal in some manner. To obviate these uncertainties, we
decided to use agents known to stimulate endogenous
secretion of prolactin.

It is well established that certain tranquilizers, reserpine and
phenothiazines, have been shown to stimulate breast growth
and lactation in patients (23). We selected fluphenazine
hydrochloride [4-| 3- [2-(trifluoromethyl)-10-phenothiazinyl] -
propyll-1-piperazine ethanol dihydrochloride] as a
tranquilizing agent to determine its effect on the growth and
biochemistry of the R3230AC transplantable carinomca. This
particular drug was selected on the basis of the report by
Ben-David (2), who demonstrated that fluphenazine HC1
induced mammary gland development and milk secretion in
Fischer rats. The data reported here indicate that
administration of this phenothiazine drug stimulated the
normal mammary glands and inhibited the growth of the
mammary tumor.
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MATERIALS AND METHODS

Female Fischer rats, 90 to 110 g, 10 rats per dose group,
received s.c. axillary transplants of R3230AC carcinoma via a
sterile trochar technique. Fluphenazine hydrochloride,
supplied as a sterile aqueous solution (Prolixin Injection, E. R
Squibb & Sons, New York, N. Y.) was administered s.c. at
12.5, 25.0, or 50.0 mg/kg/day. These doses had no sedative
effect, judged by the behavior and activity of the animals.
Treatment was initiated on the day after tumor implantation
and continued daily until the animals were sacrificed 21 days
later. Mammary tumor, uterus, and mammary glands were
removed, weighed, and quick-frozen in vials placed in an
acetone-Dry Ice freezing slurry. Tissues were stored at â€”20Â°

until they were assayed.
Tissues were thawed and homogenized in cold 0.05 M Tris

buffer, pH 7.4, with enough diluent added to produce either a
5 or 10% homogenate (w/v). Aliquots of the homogenate were
taken for determination of nucleic acids and lipids; the
remainder was used for enzyme assays. After centrifugation at
20,000 X g for 20 min, enzyme assays were performed on the
supernatant under identical conditions by measurement of the
absorbance changes at 340 m/J due to the production of
NADPH or the oxidation of NADH. Conditions of each assay,
to ensure optimum (zero order) kinetics for substrate and
cofactor requirements, were established on as small a sample as
feasible. Under these conditions, the enzyme values are
comparable and are expressed as jumÃ³lesof NADPH produced
per min per 100 mg tissue weight or per mg DNA, or as//moles
of NADH oxidized per min per 100 mg tissue weight or per mg
DNA. The enzymes were measured by the following
procedures, slightly modified: glucose 6-phosphate
dehydrogenase (D-glucose 6-phosphate :NADP oxidoreductase,
EC 1.1.1.49), method of Clock and McLean (8); isocitrate
dehydrogenase, decarboxylating (Ls-isocitrate:NADP
oxidoreductase, decarboxylating, EC 1.1.1.42), method of
Ochoa (20); malate dehydrogenase, decarboxylating
(L-malate:NADP oxidoreductase, decarboxylating, EC
1.1.1.40), method of Ochoa et al. (21); glucosephosphate
isomerase (D-glucose 6-phosphate ketolisomerase, EC 5.3.1.9),
method of Shonk and Boxer (26); phosphoglucomutase
(a-D-glucose 1,6-di phosphate; a-D-glucose 1-phosphate
phosphotransferase, EC 2.7.5.1), enzyme activation according
to the method of Harshman et al. (9) and assay as outlined by
Shonk and Boxer (26); a-glycerolphosphate dehydrogenase
(L-glycerol 3-phosphate:NAD oxidoreductase, EC 1.1.1.18),
method of Beisenherz et al. (ÃŒ),modified by use of
dihydroxyacetone phosphate as substrate and measuring the
oxidation of NADH; glutamate dehydrogenase
(L-glutamate:NAD oxidoreductase, deaminating, EC 1.4.1.2),
with the reverse reaction and oxidation of NADH described by
Hogeboom and Schneider (15); aspartate aminotransferase
(L-aspartate:2-oxoglutarate aminotransferase, EC 2.6.1.1),
modifed from the assay procedure of Karmen (16); pyruvate
kinase (ATP:pyruvate phosphotransferase, EC 2.7.1.40),
method of Susor and Rutter (28); hexokinase (ATP:D-hexose
6-phosphotransferase, EC 2.7.1.1), method of Sharma et al.
(25); and glucokinase (ATP:D-glucose 6-phosphotransferase,
EC 2.7.1.2), method of Sharma et al. (25).

Nucleic acid concentrations were measured by a
modification of the method of Schneider with use of the
orcinol reaction for the determination of ribose and the
diphenylamine reaction for that of deoxyribose (II). Because
of the small amount of nucleic acids in the quiescent
mammary gland, 200 mg of tissue were used, and the final
volume of the trichloracetic acid extraction was 5.0 ml. Thus,
each ml of extract represented 40.0 mg of tissue weight and
contained sufficient levels of nucleic acids to be measured
accurately.

Aliquots of the original tissue homogenate were extracted
for lipids with diethyl ether; separation of cholesterol,
cholesterol esters, free fatty acids, and triglycÃ©rides was
accomplished by thin-layer chromatography. The isolated
lipids were localized, extracted from the gel, and determined
quantitatively (11).

All of the experimental groups contained 10 animals, and
the data are presented as the mean Â±S.E. Significance was
determined by Student's t test; a probability (p) value of

<0.05 was considered to be significant.

RESULTS

Effect of Fluphenazine HC1 on the Weight of Mammary
Tumors, Mammary Glands, and Uteri. The s.c. administration
of 12.5, 25.0, or 50.0 mg/kg/day of fluphenazine
hydrochloride resulted in a decrease in the weights of the
R3230AC mammary adenocarcinoma. As shown in Table 1,
the final tumor weight was reduced by 49, 31, and 38%,
respectively, and no apparent dose-related effect was observed
at the levels of fluphenazine chosen for study here. In
contrast, the mammary glands were stimulated in proportion
to the dose of tranquilizer administered. The uterine weight
was significantly reduced in tumor-bearing animals receiving
fluphenazine, as compared with control animals.

Effect of Fluphenazine HC1 on the Biochemistry of the
R3230AC Mammary Tumor. Table 2 summarizes the data
obtained from analyses of nucleic acids, lipids, and certain
specific enzymes in cancers of tumor-bearing animals treated
with various doses of fluphenazine HC1. The administration of
the tranquilizer caused a dose-related decrease in the DNA
content of the carcinoma, resulting in a dose-related increase
in the RNA/DNA ratios. Cholesterol levels in the tumors were
reduced after administration of the drug, whereas levels of
both free fatty acids and triglycÃ©rideswere increased in the
cancers of animals that had received fluphenazine. A slight
increase in the level of cholesterol esters occurred in tumors of
animals treated with fluphenazine HC1, 50.0 mg/kg/day.

Significant alterations of the activities of several enzymes
took place in cancers of animals given injections of
fluphenazine HC1. Calculation of enzyme activity per 100 mg
tumor weight indicated that administration of fluphenazine
caused an increase in the activities of glucose 6-phosphate
dehydrogenase and NADP-malate dehydrogenase. In addition,
the activities of NADP-isocitrate dehydrogenase,
glucosephosphate isomerase, a-glycerolphosphate
dehydrogenase, pyruvate kinase, hexokinase, and glucokinase
were decreased per 100 mg of tumor from animals that had
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Table 1
Effect of daily s.c. administration offluphenazine HCl on the growth of

the R3230AC mammary carcinoma and on uterine and mammary gland weight in Fischer rats

Daily dose
fluphenazine HCl

(mg/kg)0

(control)
12.5
25.0
50.0Carcass

weight(g)+27

+23
+ 19
+22Tumor

weight"

(g)6.49

Â±0.38
3.28Â±0.37b
4.45 Â±0.296
4.02 Â±0.446Uterus

weight"

(mg)264.4

Â±15.3
163.6Â± 8.4b
156.5 Â±11.9"
180.5 Â±15.26Mammary

gland
weight0(mg)588

Â±30
568 Â±36
663 Â±50727

Â±23b

" Mean Â±S.E.
b Significantly different (p < 0.01) from untreated (control) animals.

Table 2
Effect offluphenazine HCl on nucleic acids, lipids, and enzymes

of the R3230AC mammary adenocarcinoma

EndpointRNA

(Â¿tg/mg)DNA
(Mg/mg)RNA/DNAEffect

of fluphenazine HClat0

mg/kg
(control) 12.5mg/kg7.79

Â±0.19" 7.26Â±0.177.66
Â±0.23 6.86 Â±0.14b0.92
Â±0.06 1.06 Â±0.02bthe

followingdaily25.0

mg/kg7.37

Â±0.156.34
Â±0.09b1.16
Â±0.02b'cs.c.

doses50.0

mg/kg7.33

Â±0.205.99
Â±0.15b'c'd1.23
Â±0.03b'cEnzyme

activity (timÃ³lespyridine nucleotide altered/min/mg DNA)G6PDCICDMEGPIPGMoGPDGDHAATPYKHKC;KCHOLFFATGCHOL

Esters0.572

0.025 0.630 Â±0.0420.701
0.045 0.650 Â±0.0360.577
0.064 0.636 Â±0.07210.65
0.43 9.79 Â±0.1210.132
0.014 0.150Â±0.0150.086
0.007 0.084 Â±0.0050.022

Â±0.001 0.026 Â±0.0021.89
Â±0.09 2.07Â±0.0311.44
Â±0.35 10.16 Â±0.34610.058
Â±0.006 0.054 Â±0.0050.009
Â±0.006 0.001 Â±0.001Lipids

(ug/mg
2.23 Â±0.06 1.96 Â±0.0564.94

Â±0.36 6.28 Â±0.43b0.8260.6750.8341.010.1730.0900.0262.151.730.0540.001)2.017.6417.0
Â±5.0 51.0 Â±11.074.00.31
Â±0.03 0.29 Â±0.030.038"'c0.0450.053b'e0.1

9C0.0
12b0.0060.0020.03b0.43e0.0060.0010.06b0.05b9.0b0.36

0.020.7840.7110.86910.940.1700.0800.0252.1911.720.0480.00040.047b'c0.0340.059b'c0.30b0.0150.0050.0020.02b'c0.48C0.0040.00041.88

Â±0.0666.77
Â±0.47b84.0
Â±10.0b:c0.43
Â±0.03b'c

0 Mean Â±S.E.
b Significantly different (p < 0.05) from control animals.
c Significantly different (p < 0.05) from animals receiving 12.5 mg/kg.
d Significantly different (p < 0.05) from animals receiving 25.0 mg/kg.
e The abbreviations used are: G6PD, glucose 6-phosphate dehydrogenase; ICD, NADP-isocitrate

dehydrogenase; ME, NADP-malate dehydrogenase; GPI, glucosephosphate isomerase; PGM,
phosphoglucomutase; orGPD, a-glycerolphosphate dehydrogenase; GDH, glutamate dehydrogenase; AAT,
aspartate aminotransferase; PYK, pyruvate kinase; HK, hexokinase; GK, glucokinase; CHOL, cholesterol,
FFA, free fatty acids; TG, triglycÃ©rides.

received various doses of fluphenazine HCl. Because of the
decrease in DNA content of the cancers, it was deemed
advisable to express enzyme activity per mg DNA, which
would reflect changes in cell number. These data are shown in
Table 2. Glucose 6-phosphate dehydrogenase, NADP-malate
dehydrogenase, and aspartate aminotransferase activities per
mg DNA were elevated in cancers of animals that had received
either 25.0 or 50.0 mg/kg/day of fluphenazine HCl.
Phosphoglucomutase activity was elevated in tumors of
animals receiving 25.0 mg/kg/day of the drug. In contrast,
pyruvate kinase activity was decreased in carcinomas of

animals treated with 12.5 mg/kg/day of the tranquilizer;
however, compared with the control animals, no alterations in
pyruvate kinase activity were observed in tumors of animals
given injections of the 2 highest doses of the drug.
The activities of NADP-isocitrate dehydrogenase,
a-glycerolphosphate dehydrogenase, glutamate dehydrogenase,
hexokinase, and glucokinase were not altered in the cancers
when enzyme activity was expressed per mg DNA. This
suggests that the apparent decrease in the activities of those
enzymes mentioned above, as seen when activity was
expressed per unit of wet weight of tumor tissue, was probably
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Table 3
Effect of fluphenazine HCl on nucleic acids, lipids, and enzymes of the mammary glands

Effect of fluphenazine HCl at the following daily s.c. doses
tndpointRNA

(/ug/mg)DNA
(/Jg/mg)RNA/DNAG6PDCICDMEGPIPGMoGPDGDHAATPYKHKGKCHOLFFATGCHOL

Esters0

mg/kg
(control)0.10

Â±0.03Â°0.33
Â±0.070.27

Â±0.08Enzyme
activity0.203

+0.0530.621
Â±0.1521.24

Â±0.3023.4
Â±4.950.094
Â±0.0171.84

Â±0.310.067
Â±0.0142.69
Â±0.403.38

Â±0.710.233
Â±0.0360.097
Â±0.0270.21

Â±0.033.59
Â±0.12316

Â±100.09
+ 0.0212.5

mg/kg0.06

Â±0.020.04
Â±0.0661.02
+ 0.33b25.0

mg/kg0.21

Â±0.100.13
Â±0.05b0.53
Â±0.2050.0

mg/kg0.06

Â±0.040.05
Â±0.0lb0.81

Â±0.25(nmoles
pyridine nucleotide altered 1min /mgDNA)1.30

Â±0.12b3.51
Â±0.47b14.5

Â±2.26b145.9
Â±9.37b0.698
Â±0.062o51.3
Â±7.0260.104
Â±0.05010.6
Â±0.52617.2
Â±2.87b0.615
Â±0.133b0.883
+0.180"Lipids

(tug/ml)0.07
Â±0.0262.50
Â±0.18b330
Â±130.02
Â±0.01b1.77

Â±0.14b-d4.45
Â±0.40C15.7

Â±3.03b132.0
+23.5b0.637
+0.072o41.8
Â±8.45b0.121

Â±0.056d9.71
Â±1.61b'd20.7
Â±1.65b0.633
Â±0.113b0.714

Â±0.155b0.09

Â±0.0362.98
Â±0.23366

Â±220.08
Â±0.03d2.63

Â±0.35b;d-c11.6
Â±1.73b'd'e20.2
Â±3.176184.9
Â±27.8b1.41
+0.224b'd'e37.3

Â±4.95b0.305
+0.039b-d-e16.2
+2.25b-d'e42.4
Â±6.88b-d'e1.49
Â±0.276b'd'e0.941
Â±0.156b0.32

Â±0.05d'e4.45
Â±0.46d'e375

Â±130.11
Â±0.02d

" Mean Â±S.E.
b Significantly different (p < 0.05) from control animals.
c The abbreviations used are as in Table 2.
d Significantly different (p < 0.05) from animals receiving 12.5 mg/kg.
e Significantly different (p < 0.05) from animals receiving 25.0 mg/kg.

Table 4
Effect offluphenazine HCl on enzymes of the mammary glands

Enzyme activity (jumÃ³lespyridine nucleotide altered/min/100 mg tissue)
at the following daily s.c. doses of fluphenazine HCl

EnzymeG6PDÂ°ICDMlGPIPGMoGPDGDHAATPYKHKGK0
mg/kg

(control)0.005

Â±0.00lb0.018
Â±0.0020.023
Â±0.0030.757
Â±0.0240.003
+0.0010.043
Â±0.0070.002
Â±0.0010.067
Â±0.0050.075
Â±0.0090.005
Â±0.0010.003
Â±0.00112.5

mg/kg0.006

Â±0.0010.017
Â±0.0020.061
Â±0.005C0.633
Â±0.038C0.004
Â±0.0010.217Â±0.023C0.001

+0.0010.049
Â±0.004C0.081
Â±0.0240.003
Â±0.0010.004
Â±0.00125.0

mg/kg0.009

Â±0.00Ie0.027
Â±0.0040.077
Â±0.004C0.680
Â±0.0350.004
+0.0010.207
Â±0.013C0.001
Â±0.0010.048
Â±0.004C0.090
Â±0.0100.004
+0.0010.004
Â±0.00150.0

mg/kg0.010

Â±0.001C0.043
Â±0.005C0.087
Â±0.007C0.692
+0.0310.005
Â±0.0010.158
Â±0.009C0.001
+0.0010.062
+0.0050.152
+0.005C0.005
Â±0.0010.004
Â±0.001

" The abbreviations used are as in Table 2.
b Mean Â±S.E.
c Significantly different (p < 0.05) from control animals.

a reflection of the decrease in cell number as approximated by
DNA content.

Effect of Fluphenazine HCl on the Biochemistry of
Mammary Glands. Table 3 summarizes the data obtained from
analysis of nucleic acids, lipids, and several specific enzymes in
mammary glands of tumor-bearing animals treated with
fluphenazine HCl. Although the drug had no effect on the

levels of RNA, the DNA concentrations in the mammary
glands were significantly reduced as a result of the secretory
response induced by the administration of the tranquilizer.
This reduction in DNA produced a slight increase in the
RNA/DNA ratios. A biphasic type of response was observed in
the lipids in mammary glands of drug-treated animals. The
lowest dose of fluphenazine HCl caused a decrease in
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cholesterol, cholesterol esters, and free fatty acids in
mammary glands as compared with mammary glands of
control animals. TriglycÃ©ride levels were increased in the
mammary glands of animals treated with fluphenazine HC1,
50.0 mg/kg/day.

Dramatic increases in enzyme activities in mammary glands
were obtained after treatment with the tranquilizer, as shown
in Table 3. Many of these increases in enzyme activity per mg
DNA were dose-related, including those of glucose
6-phosphate dehydrogenase, NADP-malate dehydrogenase,
NADP-isocitrate dehydrogenase, and pyruvate kinase. Other
enzymes demonstrated increased activities in the mammary
glands of animals treated with the drug, but the alterations
were not related to the dose of fluphenazine HC1administered;
these enzymes were glucosephosphate isomerase,
phosphoglucomutase, o-glycerol phosphate dehydrogenase,
aspartate aminotransferase, hexokinase, and glucokinase.

The elevations in enzyme activity demonstrated in Table 3
were not simply due to calculation of enzyme activity on the
basis of mg of DNA in the mammary gland. The quiescent
mammary gland of the virgin rat is primarily composed of
adipose tissue and this accounts for the considerably lower
levels of RNA and DNA in the normal mammary gland as
compared with the R3230AC adenocarcinoma. Nevertheless,
under the influence of daily administration of fluphenazine
HC1, the mammotropic effect of the drug is reflected by
alterations in enzyme activity when expressed per unit of
tissue weight (Table 4). Both malate dehydrogenase and
oglycerolphosphate dehydrogenase activities were significantly
elevated in the mammary glands of animals that received each
of the doses of the drug. Glucose 6-phosphate dehydrogenase
activity was increased in the mammary glands of animals
treated with either 25.0 or 50.0 mg/kg/day of the drug, and
the activities of NADP-isocitrate dehydrogenase and pyruvate
kinase were significantly elevated in mammary glands of
animals that had received the highest dose of fluphenazine HC1
used in these studies. In contrast, certain doses of the drug
caused a slight but significant decrease in the activities of
glucosephosphate isomerase and aspartate aminotransferase.
Thus, even though the mammary gland was stimulated to
hypertrophy and to accumulate a milk-like fluid, stimulation
of certain enzymes was evident when calculated per unit of
tissue weight.

DISCUSSION

It is well established that administration of phenothiazine
tranquilizers produces artificial lactation in experimental
animals and patients (2, 3, 17, 23). This effect is probably
brought about by a suppression of the release of hypothalamic
prolactin-inhibitory factor which, in turn, results in an increase
in the secretion of prolactin (22, 24). Since a relationship
between growth of certain mammary tumors and the secretion
of endogenous prolactin has been reported by several
investigators (4, 5, 7, 18, 29, 30), it seemed logical to
determine the effects of fluphenazine HC1 on the growth of
other mammary tumors. The use of a transplantable mammary
tumor for such a study might enable one to separate effects of

prolactin on mammary tumorigenesis from effects on tumor
growth.

Previous studies with the R3230AC mammary
adenocarcinoma consistently demonstrated that prolactin did
not stimulate growth of this tumor. Thus, when ovine
prolactin was administered to rats bearing this cancer, no
enhancement of tumor growth was observed (12, 14). The
presence of the MtTF4 mammotropic tumor, which secretes
large quantities of prolactin, resulted in a decrease in the
growth of the R3230AC cancer (10). The results presented
here are consistent with our earlier data, for administration of
fluphenazine HC1caused a decrease in growth of the mammary
tumor. Although we did not actually measure prolactin
secretion, the trophic response of the normal mammary glands
in the treated animals certainly suggested that administration
of the tranquilizer had caused an increase in endogenous
production of prolactin. Caution should be used in assigning a
specific role to prolactin in production of cancer of the
mammary glands, since different conclusions may be drawn
from the results of experiments that do not distinguish
between induction and growth of mammary tumors.

The biochemical response of the R3230AC mammary
cancer to the administration of fluphenazine HC1 resembled, in
part, the response of this tumor to the injection of estrogens.
For example, administration of estrogens caused, in the tumor,
a decrease in the DNA levels, an increase in the levels of free
fatty acids and triglycÃ©rides,and an elevation in the activities
of glucose 6-phosphate dehydrogenase, NADP-malate
dehydrogenase, and phosphoglucomutase, responses which
were also observed here in the cancers of fluphenazine
HCI-treated rats. These estrogen-like responses were probably
not due to an increase in endogenous estrogen secretion since
uterine weights were reduced in drug-treated animals. Further,
other investigators have demonstrated that pituitary stalk
section or transplantation of the pituitary, procedures which
cause increased secretion of prolactin, resulted in a reduced
secretion of all other anterior pituitary hormones (5, 19, 29).
Therefore, our data suggest that prolactin has a direct effect
on the R3230AC mammary tumor in producing biochemical
changes similar to those resulting from administration of
estrogens, reflected by a stimulation of certain metabolic
pathways and an inhibition of growth of the tumor. The
R3230AC tumor may represent a cancer similar to either the
recurrent breast lesion of women who have earlier undergone
ovariectomy or the primary breast cancer that is not
hormone-dependent (responds to endocrine organ ablation)
but will respond to exogenous hormones. It is important to
establish whether or not tranquilizers are harmful in patients
with breast cancer, either as potential tumorigenic agents
(acting directly via stimulation of prolactin secretion) or as
stimulators of established cancers of the breast. To our
knowledge, no reports exist demonstrating exacerbation of
breast cancer in patients receiving tranquilizers nor are there
data suggestive of an increased incidence of breast cancer in
women who have taken phenothiazine (e.g., fluphenazine HC1)
or reserpine tranquilizers.

The stimulating effects of the drug-induced increase in
prolactin on the normal mammary glands were quite evident
from the biochemical data tabulated in Tables 3 and 4 and
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support the earlier finding of Ben-David (2) who used the same
drug in the same strain of rats. Administration of fluphenazine
HC1 caused significant increases in the activities of 5 of the 11
enzymes studied when enzyme activity was expressed on a
tissue weight basis. However, when enzyme activity was
expressed per unit of DNA, all of the activities of the enzymes
were dramatically increased in the mammary glands of rats
treated with the drug compared with normal mammary glands.
This latter result is due in part to the decrease in the amount
of DNA per unit of tissue weight, a result which reflects the
accumulation of milk-like material in the alveoli of the
mammary glands (2). Similar apparent decreases in DNA per
unit of tissue weight have been reported by us and others in
hormone target organs, which are stimulated by administration
of steroid hormones (uterus, seminal vesicles, ventral prostate)
and which demonstrate a secretory response.

Regardless of the method used to express enzyme activity,
the administration of fluphenazine HC1 stimulated the
mammary gland of the Fischer rat, confirming earlier reports.
As has been shown previously, it is possible to achieve a
hormonal milieu that induces a stimulation of normal
mammary tissue and an inhibition of cancerous mammary
tissue (12). These results point out the difficulties of applying
knowledge from studies of hormonal control of normal
endocrine target organs to control of similar processes in
endocrine-related tumors.
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