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ABSTRACT

V,V-l>k'thyl-2-i(4-phcnylnH'th\l)-phi-no\>)i'thanaminc hydrochloride

(DPPE) is a novel paradiphenylmethane derivative with antiproliferative
and antiestrogenic properties. Like tamoxifen (TAM), DPPE binds to
the microsomal antiestrogen binding site with high affinity (A'd~ SODM).

but, conversely, not to estrogen receptor or calmodulin. We now demon
strate that DPPE competes for | 'I l|histrnnini- binding in rat cerebral
cortex with an affinity (A"Â¡= 4.5 Â±2.6 x III'" M) significantly greater
than that of the HI antagonist pyrilamine (KÂ¡= 7.2 Â±2.2 x 10'* M),

despite the previous demonstration that pyrilamine is up to 1000 times
more potent than DPPE in antagonizing histamine-induced contraction
in canine trachea! smooth muscle. DPPE demonstrates antiproliferative
activity against MCF-7 cells at concentrations between 1 x 111"and 1 x
10~*M; the ICsovalue of DPPE for growth inhibition at 7 days in this
assay is 5 x 10 " M, a value equivalent to its K\ value for histamine
binding. DPPE also competes for [3H|verapamil binding in membranes

from whole rat brain with an affinity equal to that for verapamil (Ad =
4.0 Â±1.8 x Ml M); however, verapamil competes for [3H|DPPE binding

in brain membranes and rat liver microsomes with an affinity markedly
lower (K, ~ 1 x 10 4 M) than that of DPPE, suggesting allosteric

interactions between the verapamil and DPPE sites. Unlike DPPE,
verapamil is not antiproliferative in vitro against MCF-7 cells at concen
trations up 1 x 10~5M, but, like DPPE, is cytotoxic at concentrations of
1 x I0~^ M. In immature oophorectomized rats, verapamil or DPPE

alone is antiuterotropic; however, verapamil shows no antagonism of
exogenous estradiÂ«!on uterine growth, as opposed to DPPE which is a
partial antagonist. Thus, the antiproliferative and antiestrogenic proper
ties of DPPE either are not associated with calcium channel antagonism,
or result from a qualitatively different effect on channels than verapamil.
The in vitro antiproliferative effect of DPPE (7.5 x IO"6 M) on MCF-7

cells at 72 h is significantly reversed by 10 IUML-histidine (70.2 Â±12.6%
reversal) and L-methionine (92.4 Â±11.1% reversal), but not by L-
ornithine, L-arginine, L-phenylalanine, or exogenous histamine. At lower
concentrations of TAM (0.75 x 10~* M), where growth inhibition is

estrogen-reversible, L-ornithine, but not L-histidine or L-methionine,
causes significant reversal of growth inhibition (66.8 Â±13.3%; p <
0.001). However at higher concentrations of TAM (7.5 x l(r" M) where

only partial estrogen-reversibility is observed, L-ornithine is without
effect, while L-histidine and L-methionine significantly reverse its growth
inhibition. The correlation of the histamine and DPPE binding studies
with antiproliferative effects, as well as the significant reversal of growth
inhibition due to DPPE and high dose TAM by L-histidine and i -
methionine are compatible with the hypothesis that intracellular hista
mine is important to growth and that its action may be antagonized by
compounds which bind the antiestrogen binding site.

INTRODUCTION

Twenty-five years ago, Kahlson observed that in rapidly grow
ing tissues of plants (1) and animals (2), the histamine forming
capacity as measured by the conversion of [I4C]histidine via
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histidine decarboxylase to ['"CJhistamine, usually is increased

significantly (3) and proposed that newly formed intracellular
(endogenous) histamine, as opposed to mast cell histamine (4),
plays a major role in growth processes (5). He suggested that
the action of intracellular histamine could not be reproduced
by increasing the concentration of extracellular histamine, and
that its presence, being evanescent, is difficult to measure
directly (6). While this hypothesis has remained unproven and
often criticized (7), the recent demonstration that inhibitors of
histidine decarboxylase slow tumor growth supports such a
possibility (8).

We recently reported on the synthesis of a paradiphenyl
methane derivative, DPPE3 (9), which, like TAM binds with
high affinity (A',,= 50 HM)to the microsomal AEBS (10) in rat

liver; conversely, DPPE does not bind significantly to the
cytosolic ER in rat uterus (9) or to calmodulin (11, 12). How
ever, like TAM, DPPE is antiproliferative in vitro (13) and
partially antagonizes the effects of exogenous estradiol on the
immature rat uterus in vivo (14). Recent investigations indicate
that significant quantities of DPPE-like metabolites with affin
ity for AEBS may be generated by the breakdown of triphen-
ylethylene antiestrogens in vivo (15).

The structure of DPPE resembles known histamine (Hj)-
antagonists but binding studies (14, 16) and comparison with
pyrilamine and hydroxyzine in blocking histamine (11,(-induced
contraction in canine trachea! smooth muscle (17) support the
likelihood that, although a weak HI-antagonist, DPPE binds to
a site other than HI and H.. and that H|-antagonism is distinct
from that for AEBS. In addition, phenothiazines, which also
have antihistaminic properties and are antiproliferative in vitro
(18,19), compete for [3H]DPPE binding in rat liver microsomes

(12); this affinity, rather than that for calmodulin, appears to
correlate better with their antigrowth effects at lower (1 x 10~6

M) concentrations (12). Thus, many compounds which are
"antihistaminic," including DPPE, TAM (17), and phenothia

zines, bind AEBS and are growth antagonists.
Based on these studies, we have hypothesized that DPPE is

a unique ligand (non-11,. non-H2) for a histamine binding site,

that AEBS is, in whole or in part, a novel histamine site which
mediates growth (14) and that the antiproliferative properties
of DPPE, TAM, and phenothiazines reflect antagonism of
histamine at this site. That DPPE demonstrates antiestrogenic
effects independent of ER interaction (14) suggests that some
proportion of ER may be "linked" to AEBS (12, 14), a possi

bility supported by the previous finding that up to 20% of ER
is associated with the microsomal fraction (20). In this model,
DPPE is a less specific and somewhat lower affinity ligand than
TAM, producing its effects through binding only to the AEBS
moiety of the receptor complex while TAM would bind both to
ER and AEBS. Overall, the specificity of TAM for the ER/
AEBS complex would be greater than DPPE because of the
additional high affinity interaction with ER (21); at lower

*The abbreviations used are: DPPE, AyV-diethyl-2[(4-phenylmethyl)phenoxy]

ethanamine hydrochloride; TAM, tamoxifen; AEBS, antiestrogen binding site;
ER, estrogen receptor, ICso, concentration required to inhibit cell growth by 50%.
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concentrations of TAM(<1 x 10 * M) which are predominantly

reversed by E2, its estrogen antagonism via ER would predom
inate, while at higher concentrations, where estrogen reversal
is incomplete, its effects may be mediated by histamine antag
onism through AEBS (13). Linkage also might explain why
removal of the alkylaminoethoxy side chain from most triphen-
ylethylene antiestrogens abolishes affinity for AEBS, decreases
affinity for ER and results in loss of antiestrogenic activity (22).

In order to test further the hypotheses that histamine may be
important for growth, that DPPE may be a histamine antago
nist at a novel site and that AEBS may be related to the putative
novel histamine binding site, we have now tested DPPE, the
H|-antagonist pyrilamine and the H .-antagonists cimetidine
and ranitidine in a [3H]histamine radioligand binding assay in

synaptosomes and membranes from rat cerebral cortex, where
high affinity histamine sites have been reported (23); additional
binding studies have been carried out in rat hippocampus, an
area of the brain high in histamine receptors (24). We also have
assessed the ability of exogenous histamine, L-histidine, and
other amino acids to reverse the in vitro antiproliferative effects
of DPPE and JAM on MCF-7 human breast cancer cells. In
addition, because DPPE acts as a calcium channel antagonist
(17), as does TAM (25, 26), we have tested DPPE in a [3H]

verapamil radioligand binding assay in homogenates of whole
rat brain and verapamil in a [3H]DPPE radioligand binding

assay in rat liver microsomes; finally, we have compared vera
pamil and DPPE for antiproliferative and antiestrogenic prop
erties.

MATERIALS AND METHODS

Chemicals

/VyV-Diethyl-2-[(4-phenylmethyl)phenoxy]ethanamine HCI was syn
thesized as described previously (9). Pyrilamine HCI, verapamil HCI,
histamine dihydrochloride, L-histidine, L-methionine, L-arginine, i
ornithine, and L-phenylalanine were purchased from Sigma Chemical
Co., St. Louis, MO. Cimetidine was obtained from Smith, Kline, and
French, Mississauga, Ontario, and ranitidine from Glaxo Pharmaceu
ticals, Toronto, Ontario.

Isotopes

[3H]DPPE was synthesized by New England Nuclear (Boston, MA).
This ring-labeled compound is >98% pure as judged by radiochroma-
tography, 99% pure radiochemically (high-performance liquid chro-
matography) and is of high specific activity (35.6 Ci/mmol). [3H]-
Histamine 2HCI (48.1 Ci/mmol) and [3H]verapamil HCI (68.8 Ci/

mmol) were purchased from New England Nuclear.

Animals

Immature oophorectomized female Sprague-Dawley rats (weight,
50-60 g) were obtained from Charles River Inc., St. Constant, P.Q.,
housed in groups of five to six per cage and fed with standard chow
and water ad libitum. They were exposed daily to a light/dark cycle (12
h/12h).

Preparationof SynaptosomesandMembranesfor BindingStudies

Rat liver microsomal fractions were prepared as described previously
(9) from adult male Sprague-Dawley rats, aliquoted into 2 ml cryovials
(Nunc, Intermed, Denmark) and stored at â€”70'Cuntil used.

Synaptosomal fractions of rat cerebral cortex were freshly prepared
for each experiment according to the method of Steinberg et al. (27).

Membrane fractions of rat cortex and hippocampus were prepared
differently from synaptosomes. For each experiment six rats were
decapitated and the cortex and hippocampus quickly dissected from
the rest of the brain and kept on ice. Each tissue was homogenized

using a Polytron homogenizer (Brinkman Instruments, Westbury, NY)
in 10% sucrose, followed by centrifugation at 4Â°C(900 x g) for 10 min.
The supernates were centrifuged at 4Â°C(30,000 x g) for 10 min and

the resulting pellets Â»suspended in a phosphate buffer (pH 7.4) con
taining 300 HIMNa".

Membrane preparations of whole rat brain for [3H]verapamil binding

studies were freshly prepared from a single brain. The brain was added
to a 20:1 volume of ice-cold buffer containing 5 mM tris, 0.2 HIMEGTA
(pH 7.7) and homogenized using a Polytron homogenizer. The homog-
enate was centrifuged for 20 min at 4"( ' (30,000 x g); the pellet was

resuspended in the same buffer, homogenized, and again centrifuged at
30,000 x g for a further two times. The final pellet was resuspended in
the same buffer (9 ml/g homogenate).

RadioligandBindingAssays

[3H|DPPE Binding Assays in Rat Liver Microsomes. Microsomal
fractions were incubated either for 5 min at 20'C or for 90 min at O'C
with 1.5 x 10"' M [3H]DPPE and increasing duplicate concentrations

of un labeled competitor (either DPPE or verapamil) as described pre
viously (14). Unbound label was removed by centrifugation (800 x g)
after incubation with dextran-coated charcoal for 15 min at 4Â°Cand

radioactivity in the supernatant was determined. The amount of label
bound in the presence of competitor (Bc) was expressed as a ratio of
that in the absence of competitor (A0- Percentage of BC/B0[3HJDPPE

was plotted versus log molar (M) concentration of competitor.
|'l l|l listaminc Binding Assays in Rat Brain. Cortical synaptosome

binding studies were carried out according to the method of Steinberg
el al. (27). The final concentration of [3H]histamine employed was 3.5
x 10 '' M. Incubation of synaptosomes with labeled and unlabeled
competitors was carried out at 30Â°Cfor 45 min.

For [3H]histamine binding studies in membranes of cortex and hip
pocampus, a final concentration of 1 x 10 '' M [3H]histamine was

employed. Incubation of membranes with labeled and unlabeled com
petitors was carried out at room temperature in the dark for 60 min,
following which the reaction was terminated by centrifugation at 12,000
x g for 15 min at 4Â°C.Radioactivity of pellets was quantitated in
Hl'.'b scintillation cocktail (Beckman Instruments, Toronto).

| 'I I|\i-rapamil Binding Assays. The methodology was essentially the
same as for measuring [3H]histamine binding in cortex and hippocam
pus except incubation was for 90 min at O'C. The final concentration
of (3H]verapamil employed was 1 x IO"9 M.

Growth Inhibition Assays. For experiments comparing the antipro
liferative effects of DPPE, pyrilamine, ranitidine, and cimetidine, 1 x
IO4 MCF-7 human breast cancer cells were seeded into replicate 9.62-
cm2 wells (Linbro, Flow Laboratores, McLean, VA) containing Dul-
becco's modified Eagle's medium supplemented with insulin, glucose,
and 5%-decomplemented fetal calf serum. After 24 h, test compounds
at a concentration of 7.5 x IO"6 M were added to replicate wells. After

72 h cells were removed by treatment with Isoton II buffer and counted
by Coulter counter.

For growth inhibition experiments comparing DPPE with verapamil,
increasing concentrations (10~'Â°-10~4M) of each drug were added to

replicate wells 24 h after cells were seeded, as above. Cell counts were
performed 7 days later, as above.

To assess the ability of various test compounds (amino acids, hista
mine, or E2) to reverse the antiproliferative effects of DPPE (7.5 x 10"'
M) and TAM (0.75 x 10'* M and 7.5 x IO"6 M), cells were seeded as

above and test compounds + DPPE, or + TAM, were added to replicate
wells at 24 h. For all amino acids and histamine, the concentration
employed was 1 x 10~2M; that for E2 was 1 x 10~" M. Each group of

experiments had its own DPPE control or TAM control to assess
reproducibility and in each case percentage of mean reversal of growth
inhibition in the presence of DPPE (or TAM) + amino acid, or DPPE
+ histamine, or TAM + E2 (or + E2 + amino acid), was calculated by
comparison of growth in DPPE (or TAM) + amino acid, or DPPE +
histamine, or TAM -I-E2 (or + E2 + amino acid), to that in medium +

amino acid (or + histamine) alone, or to that in medium + E2 (or + E2
+ amino acid) alone. The amino acid controls were required because of
pH changes in medium + amino acid as compared to medium alone,
which tended of themselves to decrease baseline cell growth depending
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on the acidity of the particular amino acid. After 72 h, cells were while that for [3H]DPPE is 0.99 in both areas, suggesting the

likelihood of two sites, rather than negative cooperativity at a
single site, for each ligand. A Scatchard plot of [3H]histamine

binding in the presence of saturating concentrations of DPPE
(1 x 10~4M) demonstrates selective abolition of the low affinity
histamine sites."

Correlation of Affinity for |3H|Histamine Binding with Potency

for Growth Inhibition. The order of affinity and shape of the
binding curve for DPPE, pyrilamine, and M..-antagonists versus
[3H]histamine in brain cortex synaptosomes parallel that pre
viously reported for the same compounds versus [3H]TAM (15)
and [3H]DPPE (14) in rat liver microsomes at concentrations
up to 1 x 10~4 M. Affinity for the histamine site, as shown

previously for the AEBS/DPPE site (14), correlates with anti-
proliferative activity as shown (Fig. 2); whereas DPPE inhibits
the growth of MCF-7 cells by 21.6 Â±1.3% after 72 h (P <
0.001 versus control), the inhibition seen for pyrilamine is only
2.8 Â±5.1% (P = NS versus control) while cimetidine and
rannidine are completely without effect.

Binding Studies with a Calcium Channel Antagonist. Fig. 3A
shows the ability of unlabeled DPPE and verapamil to compete
for | 'H ]\erapamil binding in a membrane preparation of whole

rat brain. It may be seen that both DPPE and verapamil
compete for [3H]verapamil binding with equal affinity (A',,= 4.0
Â±1.8 x IO"7 M). A more detailed analysis of this interaction

will be reported. In contrast, as shown in Fig. 35, verapamil
shows a significantly lower affinity for the AEBS/DPPE site in
rat liver microsomes (KÂ¡~ 1 x 10~4M) as compared to DPPE
(Kd = 6.8 Â±0.7 x IO"8 M, P < 0.001). A similar weak affinity

of verapamil for DPPE sites in whole brain membranes is
observed (data not shown). The weak affinity of verapamil for
the DPPE site correlates with a similar weak interaction at the
histamine site in brain cortex (Fig. 4).

Comparison of Biological Effects of DPPE and Verapamil.
Fig. 5 shows the effects of DPPE and verapamil on the growth
of MCF-7 cells in culture for 7 days. For DPPE, dose-related
an tipro Iiferal ive effects occur between 1 x 10~7 and 1 X 10~5

M; the concentration required to inhibit cell growth by 50% at
7 days is 5 x 10~* M. For verapamil, no significant antigrowth
effects are seen up to concentrations of 1 x IO"5 M. For both

compounds cytotoxicity with 100% cell death is observed in a
narrow range between 1 x 10~5and 1 x 10"" M.

Fig. 6 shows the effects on the uteri of immature oophorec-
tomized rats of DPPE and verapamil at an equivalent concen
tration of 4 mg/kg i.p. daily for 3 days when given alone and
compared to saline control or when given l h before estradiol
(100 Mg/kg). DPPE or verapamil alone is antiuterotropic (uter
ine wet weight for saline = 36.7 Â±3.4 mg, for DPPE = 26.3 Â±
1.6 mg (P < 0.001) and for verapamil = 23.5 Â±1.1 mg; P <
0.001). For animals receiving !â€¢',..alone for 3 days the mean

uterine wet weight increases to 99.2 Â±4.8 mg. In those animals
receiving DPPE (4 mg/kg) l h before E2 the mean uterine wet
weight is 78.6 Â±1.6 mg (P < 0.001 versus E2). In contrast,
those animals receiving verapamil (4 mg/kg) l h before E2 have
a mean uterine wet weight of 107 Â±7.8 mg.

Reversal of Antiproliferative Effects of DPPE and TAM.
Table 3 shows the effects of added amino acids or histamine,
each at a concentration of 10 HIM. on the growth inhibition
(mean inhibition 21.6 Â±1.3%) of 7.5 x IO"6 M DPPE on

MCF-7 breast cancer cells after 72 h incubation in vitro. L-
histidine causes a significant reversal of DPPE-induced growth
inhibition (70.2 Â±12.5%; P < 0.001) while the values for

removed and counted as above.

In Vivo Studies

For the verapamil studies, two groups, each consisting of six rats,
received i.p. injections x3 days of either verapamil (4 mg/kg) alone, or
verapamil (4 mg/kg) l h before E2 (100 jig/kg), as described previously
for DPPE (14). The animals were weighed daily with dosages adjusted
accordingly. Sacrifice was by decapitation, following which the uteri
were immediately removed, trimmed of all excess tissue, and weighed.
Since we previously failed to observe any significant interexperimental
variation in results for three separate groups of experiments for DPPE,
thus suggesting a high degree of reproducibility for this assay, historical
values for DPPE (4 mg/kg) alone, saline alone, E2 (100 Mg/kg), and
DPPE + E2 as reported previously (14) were used for comparison.

Statistical Analysis

For [}H]histamine binding studies, analysis of binding data for each

competitor using the LIGAND computer program (28) was employed.
For comparison of effects of test compounds on reversing the antipro-
liferative of DPPE and TAM, Student's two-tailed t test was employed.

RESULTS
Affinity for [3H]Histamine Binding in Rat Brain Cortex and

Hippocampus. In rat cortex synaptosomes a single high affinity
site for histamine is identified (KA= 5.4 Â±2.1 x 10"' M; fimax

= 70.0 Â±28.6 fmol/mg protein, mean Â±SD, three determina
tions). Competition for [3H]histamine binding in this prepara

tion by unlabeled histamine, DPPE, pyrilamine, cimetidine,
and ranitidine is shown in Fig. 1. DPPE competes for [3H]-
hÂ¡starninebinding with an affinity (K, = 4.5 Â±2.6 x IO"6 M)

significantly greater than that of the H,-antagonist pyrilamine
(K, = 7.2 Â±2.2 x 10~5 M, P < 0.001). For the H2-antagonists
ranitidine and cimetidine, the affinity for [3H]histamine binding

is significantly lower than that both for DPPE and pyrilamine
(K>~ 1 x 10"3M,/>< 0.001).

In membrane fractions of cortex and hippocampus, a high
capacity low affinity histamine site (cortex, Ka2 = 3.2 Â±0.7 x
10~5 M; hippocampus, /Td2= 1.75 Â±.61 x 10~5 M) is demon

strated in addition to the high affinity site (Table 1). Since the
membrane fractions were prepared differently than synapto
somes, and may contain an additional proportion of rough
membranes, the presence of additional low affinity histamine
sites thus may reflect the methodology of preparation. In
[3H]DPPE radioligand binding assays in the same membrane

fractions, two distinct DPPE sites are also identified (Table 2).
The Hill coefficient for [3H]histamine binding (Table 1) is 0.97

in cortex membranes and 0.96 in hippocampus membranes

100
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Fig. I. Competition of unlabeled histamine (â€¢),DPPE (O), pyrilamine (A),
cimetidine (Ã•1).and ranitidine (A) for 3.5 n\i [3H]histamine in rat cerebral cortex
synaptosomes. (bars, Â±SD; N = 3). 4 L. l Brandes, and F. S. LaBella, manuscript in preparation.
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Table 1 Results of fHJhistamine radioligand binding studies in rat cortex and hippocampus membranes
Membrane fractions were prepared differently from synaptosomes (see "Materials and Methods"). Data were analyzed using LIGAND (28).

TissueCortex

HippocampusÂ«..(XIO-W6.5

Â±4.4*

12.5 Â±4.1#â€ž.,

(fmol/mg
protein)252

Â±176
86 Â±25*,2<x,0->M)-3.2

Â±0.7
1.75 Â±0.61Â¿ou

(pmol/mg
protein)1.1

Â±0.33
94 Â±33.6Hill

coefficient0.97

0.96
' P < 0.05 for two histamine sites.
Â»Mean Â±SD.

Table 2 Results Â»//'////>/'/'/. radioligand binding studies in rat cortex and hippocampus membranes

Membrane fractions were identical to those for ['Hjhistamine studies (Table 1). Data was analyzed using LIGAND (28).

Tissue
Jtd,(xlO-'M)Â° /<â€ž,â€ž(pmol/mg

protein)
#m., (nmol/mg

protein) Hill coefficient

Cortex
Hippocampus

27 Â±19*

13.5 Â±2.0

0.834 Â±0.284'

7.0 Â±3.0
4.4 Â±1.4
6.0 Â±1.5

0.95 + 0.21
42 Â±18

0.99
0.99

* P < 0.01 for two DPPE sites.
* Mean Â±SD.
1The number of high affinity DPPE sites approximates those of lower affinity histamine sites (Table 1).
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Fig. 2. Growth inhibition of MCF-7 human breast cancer cells after 72 h
incubation as compared to control when exposed to 7.5 x IO"6 M DPPE,

pyrilamine (PYR), cimetidine (CIM), and ranitidine (RAN). For each compound,
cells were plated in quadruplicate with two separate determinations of each count
by Coulter counter, (bars, Â±SD; N = 4).
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Fig. 4. Competition of unlabeled DPPE (O) and verapamil (â€¢)for 3.5 n\i
[3H]histamine in rat cerebral cortex synaptosomes.

LOO CONCLU)' INHIBITOR

Fig. 3. I. competition of unlabeled verapamil (â€¢)and DPPE (O) for 1.0 mi
[JH]verapamil in a membrane preparation of whole rat brain. /(, Competition of
unlabeled verapamil (â€¢)and DPPE (O) for 1.5 UM (3H]DPPE in rat liver
microsomes. Identical results for each ligand were observed in rat liver micro-
somes both at 5 min, 20'C, and at 90 min, 0*C, as well as in whole brain
membranes (90 min, O'C). The data shown are for 5 min, 20*C.

histamine are not significant. Similarly, L-arginine and L-orni-

thine, which are direct precursors for polyamine synthesis, and
phenylalanine are without significant effect. The most signifi-

100

I â€¢
u
<0 60

I 40

20

-10 -8 -6

LOG[CONCOMÃ•]

Fig. 5. Dose response for growth inhibition of MCF-7 cells after 7 days
exposure to DPPE (O) and verapamil (â€¢)at increasing concentrations from 1 x
IO'10 M to 1 x 10~* M (bars, Â±SD). For DPPE, growth inhibition but not
cytotoxicity was observed at concentrations up to 1 x 10~5 M; cytotoxicity was
observed over a narrow range between 1 x 10~5M and 1 x 1(1* M. For verapamil,
no ant Â¡proliferativi'effects were observed at concentrations up to 1 x IQ~SM;
cytotoxic effects occurred between 1 x 10~s M and 1 x Id' M.

cant reversal of the antiproliferative effects of DPPE occurs
with L-methionine (92.4 Â±11.1%; P< 0.001).

In similar experiments for TAM, at lower concentrations
(0.75 x IO"6 M; Table 4) which inhibit MCF-7 cell growth by

approximately 30% at 72 h and at which estrogen reversibility
is complete, L-histidine and L-methionine demonstrate no sig
nificant reversing effect. In contrast, L-ornithine significantly
reverses growth inhibition (66.8 Â±13.3%; P< 0.001).

Conversely, at higher concentrations of TAM (7.5 x IO"6 M;
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Fig. 6. Comparison of the antiuterotropic and antiestrogenic effects of DPPE
(4 mg/kg) and verapamil (4 mg/kg), either alone versus saline control, or when
given l h before estradici (E2) 100 Mg/kg- In each case the treatment was given
daily i.p. x 3 days (bars, Â±SD; number in each bar, sample size). The values for
DPPE, saline, E2, and DPPE + E2 are historical and were reported previously
(14).

Table 5), where growth inhibition averages 60% at 72 h and at
which estrogen reversibility is incomplete, L-ornithine is inef
fective whereas L-histidine demonstrates modest but significant
reversal (10.9 Â±3.1%; P = 0.002) and L-methionine is most
effective (29.4 Â±4.8% reversal; P < 0.001) and is equivalent to
E2 (35.4 Â±4.0% reversal). When E2 is combined with L-
histidine, the reversal of TAM inhibition (7.5 x IO"6 M) rises

to 44.5 Â±6.1%, an increase just short of significance compared
to E2 alone (P = 0.07); however, the combination of E2 +
histidine + methionine results in a significantly greater reversal
(53.7 Â±4.2%; P< 0.001) than E2 alone.

DISCUSSION

The KAvalue for histamine and the K, values for pyrilamine,
cimetidine, and ranitidine versus [3H]histamine in rat cortex are

in agreement with those of Schwartz et al. (23, 29), although
higher affinity for H2-antagonists has been reported by Stein
berg et al. (30). However, we now show that DPPE competes
for [3H]histamine binding in rat cortex synaptosomes with an

affinity significantly higher than that for pyrilamine, despite
the fact that pyrilamine is up to 1000 times stronger than
DPPE as an H|-antagonist when tested in a functional assay of
histamine-induced contraction in canine trachea! smooth mus
cle (17). Previously we have demonstrated in rat liver micro-
somes that H2-antagonists do not compete for [3H]DPPE or
I'll] I A\1 binding (14, 16), and that pyrilamine at saturating

concentrations does not prevent the binding of [3H]DPPE (14).

Thus, on the basis of binding and functional studies, DPPE
appears to interact at a histamine binding site that is distinct
from sites classified as HI or H2. The correlation of affinities
of histamine antagonists for histamine binding sites with affin
ities for DPPE binding sites and with their antiproliferative
effects suggests that the putative novel histamine site, related
to the DPPE site, mediates a function distinct from that of
established (Hi and H â€¢)histamine receptors. While the results
of the binding studies in brain indicate that all of the ligands
are significantly weaker than histamine itself for a high affinity
site (23), the demonstration that DPPE selectively binds low
affinity histamine sites in cortex membranes4 suggests that the

antiproliferative effects of DPPE and other ligands which bind
AEBS may be mediated through these sites. In cortex and
hippocampus membranes the number of high affinity DPPE
sites approximates that of the low affinity histamine sites in the
picomolar range, whereas the ICso of DPPE for growth inhibi
tion (~5 x 10~6 M) closely approximates its K, value for the

single class of histamine binding sites in cortex synaptosomes.
The demonstration that DPPE competes for [3H]verapamil

binding in rat brain membranes with an affinity equal to that
for verapamil supports our previous observation that DPPE
may be a calcium channel antagonist (17). However, verapamil
competes poorly for [3H]DPPE binding both in rat liver micro-

somes and rat brain membranes suggesting that the DPPE site
is a distinct allosteric site. The poor affinity of verapamil for
both the DPPE and histamine sites suggests a basis for its lack
of antiproliferative action against MCF-7 cells and for the
failure to antagonize the effects of exogenous estradiol in the
immature oophorectomized rat uterus. Alternatively, verapamil
may gain entry into cells less easily than DPPE; however, the
finding that verapamil is significantly antiuterotropic //; vivo at
the same concentration as DPPE makes this unlikely. Thus,
the antiproliferative and antiestrogenic effects of DPPE may
be mediated through histamine-associated mechanisms distinct
from calcium channel antagonism or, alternatively, may result
from channel interactions qualitatively different from those of
verapamil. Conversely, since both DPPE and verapamil are
antiuterotropic in the absence of estradiol and are cytotoxic ///
vitro at high concentrations, these properties may be related to
similar mechanisms of calcium channel antagonism.

The hypothesis that newly formed histamine is important for
growth gains support by the finding that L-histidine, the im
mediate precursor of endogenous histamine reverses the growth
inhibition by DPPE or high concentrations of TAM. That L-
methionine reverses the antiproliferative effects of DPPE and
TAM may be related to its function as a methyl donor, through

Table 3 Effect of various amino acids and exogenous histamine on the antiproliferative effects of 7.5 x Â¡0~*M DPPE on MCF-7 cells (72-h exposure)

% Mean growth inhibition
(Â±SD)vs.controlTest

substance
(10mM)L-Histidine

L-Methionine
L-Ornithine
L-Argmine
L-Phenylalanine
HistamineDPPE

alone**25.4

Â±1.6
18.0 Â±1.5
20.0 Â±1.7
21.2 Â±2.4
21.8 Â±4.3
22.9 Â±3.1DPPE

+ test
substance'7.2

Â±3.2
2.4 Â±2.2

18.3 Â±3.2
17.1 Â±2.7
23.4 Â±6.1
17.5 Â±2.2%

Mean reversal of
growth inhibition
(Â±SD)vi.control*70.2

Â±12.5
92.4 Â±11.1

7.6 Â±17.5
10.1 Â±16.9

-13.5 Â±36.6
19.6 Â±11.4No.

tests'107

5
9
4
5P

value'<0.001

<0.001NSf

NS
NS
NS

" Growth inhibition in the presence of DPPE alone was calculated by comparison of growth in DPPE + medium to that in medium alone.
* Each amino acid or histamine experiment had its own DPPE (alone) control.
' Growth inhibition in the presence of DPPE + amino acid or DPPE + histamine was calculated by comparison of growth in DPPE + amino acid (or + histamine)

to that in medium + amino acid (or + histamine) alone.
J All tests were done in replicates of four or six, each with two separate counts using a Coulter counter.
' Student's two-tailed t test.
' NS. not significant.
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Table 4 Effect of L-omithine, L-histidine, and L-methionine on the antiproliferative effects of 0.75 x 10~* M TAM on MCF-7 cells (72-h exposure)

% Mean growth inhibition
(Â±SD)vs.controlTest

substance
(10mM)L-Histidine

L-Methionine
i-Ornithine
Ej(l x 10-* M)TAM

alone**27.1

Â±3.1
32.4 Â±2.3
32.4 Â±2.3
28.8 Â±3.4TAM

+ test
substance'27.1

Â±4.8
32.8 Â±3.1
11.7 Â±5.1
-3.3 Â±5.6%

Mean reversal of
growth inhibition
(Â±SD)vj.control*0-5.0

Â±14.1
66.8 Â±13.3

105.0 Â±7.8No.

tests'3

5
52P

value'NS'

NS'
<0.01
<0.001

* Growth inhibition in the presence of TAM alone was calculated by comparison of growth in TAM + medium to that in medium alone.
* Each amino acid or E2 experiment had its own TAM (alone) control.
' Growth inhibition in the presence of TAM + amino acid or TAM + E2 was calculated by comparison of growth in TAM + amino acid (or + I :i to that in

medium â€¢amino acid (or + E2 alone).
'' All tests were done in replicates of four, each with two separate counts using a Coulter counter.
' Student's two-tailed I test.
'NS, not significant.

Table 5 Effect of E* L-histidine. L-methionine, and combinations thereof on the antiproliferative effects of 7.5 x I0~* M TAM on MCF-7 cells (72-h exposure)

% Mean growth inhibition
(Â±SD)vj.controlTest

substanceEj
(10-' M)

L-Histidine ( 10 mM)
L-Methionine (10 mM)
L-Ornithine (10 mM)
Ej 'in" M) + L-histidine (10mM)Ej

(IO"' M) + L-histidine (10 mM)
â€¢L-methionine (10 mM)TAM

alone**62.1

Â±1.1
61.8 Â±1.3
65.7 Â±1.5
69.2 Â±2.7
60.3 Â±1.458.8

Â±3.1TAM

+ test
substance'40.0

Â±2.6
54.8 Â±2.3
46.5 Â±3.3
67.2 Â±3.0
32.9 Â±3.026.9

Â±1.7%

Mean reversal of
growth inhibition
(Â±SD)vj.control*35.4

Â±4.0
10.9Â±3.129.4

Â±4.8
2.6 Â±4.8

44.5Â±6.153.7

Â±4.2No.

tests'*1410

10
4
94P

value' vs.TAM<0.001

0.002
â€¢cO.OOl
NS'
<0.001 vj. TAM

0.07 vj. TAM -I-Ej
<0.001 VJ.TAM

< 0.001 VJ.TAM + Ej
* Growth inhibition in the presence of TAM alone was calculated by comparison of growth in TAM + medium to that in medium alone. For TAM + E2

experiments, comparison of growth in TAM * I ; was made with medium * E2.
* Each amino acid or combination experiment had its own TAM (alone) control.
' Growth inhibition in the presence of TAM + amino acid or TAM + E2 + amino acid was calculated by comparison of growth in TAM + amino acid or TAM +

Ej + amino acid to that in medium * amino acid alone or to that in medium +!â€¢_,+ amino acid alone.
" All tests were done in replicates of four or six, each with two separate counts using a Coulter counter.
' Student's two-tailed t test.
'vs. not significant.

conversion to S-adenosylmethionine (31); one of the major
methyl acceptors is histamine (32), which, during catabolism,
is methylated to methylhistamine via the enzyme hisiamine-.V

methyltransferase. Accumulation of methylhistamine inhibits
the further catabolism of newly formed (endogenous) histamine
as determined by l4C-labeling studies (33). The lack of effect of

exogenous histamine may reflect the poor penetration of this
amine into cells (34). These findings support Kahlson's original

hypothesis on the role of intracellular histamine in proliferation
(5) and reinforce his suggestion that extracellular histamine
does not appear to play a role in this process (6).

The demonstration that L-arginine and L-ornithine, the pre
cursor amino acids for polyamine synthesis, do not reverse
significantly the antiproliferative effects of DPPE on MCF-7

cells suggests that, unlike TAM, the polyamine pathway is not
antagonized by DPPE. The reversal of the antiproliferative
effects of low concentrations of TAM by L-ornithine correlates
both with the previous demonstration of polyamine pathway
activation by ER (35) and the reversal of the inhibitory effects
of low dose (1 x 10~7 M) TAM by spermine, spermidine, and

putrescine (36). At higher concentrations of TAM, L-ornithine
is ineffective and L-histidine and L-methionine effect partial

rescue, suggesting that antagonism of histamine may result
only at higher concentrations of TAM where AEBS binding
may predominate ( 13). The demonstration that the antiprolif
erative effects of DPPE are reversed more significantly than
those of the TAM by L-histidine and L-methionine may be
related to the previous finding that DPPE is somewhat weaker
than TAM for binding to AEBS (9) and/or that the mechanism
of action of TAM is more complex than DPPE, due to addi
tional interactions with ER and calmodulin (11). Tamoxifen

also antagonizes the action of protein kinase C and competes
for binding of [}H]phorbol im ristate acetate (37); because of

structural similarities, the possibility that DPPE could have
similar interactions is currently under investigation.

In summary, there may exist in association with calcium
channels, histamine binding sites distinct from HI and II
through which histamine mediates growth, an action antago
nized by compounds which bind AEBS. A model, as previously
proposed by Rocha e Silva (38) is suggested for a novel non-
Hi, non-H2 histamine receptor complex in which the DPPE/
AEBS site could be the higher affinity "non-critical" site of

binding for antihistaminic growth antagonists including DPPE,
TAM, and phenothiazines, through which these compounds
inhibit the binding of newly formed histamine at a lower affinity
"critical" site nearby. Thus, the affinity of the various antago
nists, while in the range of 10-100 nM for AEBS, becomes
"right" for their antiproliferative effects (IC50) in terms of
concomitant affinity (1-10 ^M) for the lower affinity histamine
site.

Finally, we wish to speculate further that histamine binding
sites, perhaps associated with calcium channels, could be linked
to many growth receptors or regulatory sites, including protein
kinase C. For example, phorbol esters, which bind to protein
kinase C, are powerful inducers of histidine decarboxylase (39).
Furthermore TAM and phenothiazines (40) antagonize the
actions of protein kinase C indirectly (37), possibly at an
associated histamine site. Thus, newly formed intracellular
histamine may mediate growth as a second messenger for
multiple receptors.
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