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Abstract

1,1-bis(4-Methoxyphenyl)-2-phenylalkenes (1a–9a) and 1,1,2-tris(4-methoxyphenyl)alkenes (1b–9b) with various C2-substituents (H
(1a, 1b), methyl (2a, 2b), ethyl (3a, 3b), propyl (4a, 4b), butyl (5a, 5b), 2-cyanoethyl (6a, 6b), 3-cyanopropyl (7a, 7b), 3-aminopropyl
(8a, 8b), 3-carboxypropyl (9a, 9b)) were tested for cytotoxic effects on hormone dependent MCF-7 cells. The effects were correlated
with agonistic and antagonist properties determined on the MCF-7-2a cell line stably transfected with the plasmid EREwtcluc. We demon-
strated that the antiproliferative effects did not result from an interaction with the estrogen receptor (ER). The most cytotoxic compounds
5,5-bis(4-methoxyphenyl)-4-phenylpent-4-enylamine (8a) and 4,5,5-tris(4-methoxyphenyl)pent-4-enyl (8b) showed cytocidal effects with-
out having significant agonistic and antagonistic properties.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Tamoxifen (TAM) is widely used in the treatment of breast
cancer and is now available in the US for the chemopre-
vention of breast cancer in high-risk women[1,2]. The long
term treatment, however, is limited by an increased inci-
dence of endometrial or GI-tract cancers[3–5]. This liabil-
ity has resulted in a large research effort to discover agents
maintaining the benefits of TAM while avoiding its risks.
Such compounds can be assigned to the class of selective
estrogen receptor modulators (SERM).

For the characterisation of the agonistic and antagonistic
potency of hormonally active compounds, many groups used
hormone dependent MCF-7 breast cancer cells endowed
with the estrogen receptor (ER). The classification is based
on their ability to stimulate (agonist) or inhibit (antagonist)
cell growth[6,7]. Detailed information about the hormonal
profile of drugs can be obtained with MCF-7 cells stably
transfected with the plasmid EREwtcluc (MCF-7-2a cells)
[8]. The plasmid contains the “estrogen response element”
(ERE) of the DNA as enhancer sequence and a reporter se-
quence which codes for luciferase. After binding of a hor-

∗ Corresponding author. Tel.:+49-30-838-53272;
fax: +49-30-838-56906.

E-mail address: rgust@zedat.fu-berlin.de (R. Gust).

monally active drug the ER/drug conjugates dimerize and
are able to interact with the ERE of the plasmid leading to
the activation of the luciferase gene. Therefore, the quantifi-
cation of the luciferase expression allows not only a predic-
tion of the agonistic but also of the antagonistic potencies
of drugs.

In a structure activity study we investigated the effects of
TAM, 4-hydroxytamoxifen (4OHT) and related 1,1-bis(4-
hydroxyphenyl)-2-phenylalkenes and 1,1,2-tris(4-hydroxy-
phenyl)alkenes without basic side chain on the MCF-7-2a
cell line [9,10]. We demonstrated that the endocrine proper-
ties are independent of theN,N′-dimethylaminoethane chain
and depend only on the length and the kind of the C2-alkyl
chain. All compounds showed high antiestrogenic activity
without significant agonistic potency. The most active com-
pounds were C2-ethyl or C2-propyl substituted and reduced
the estradiol (E2) (1 nM) mediated luciferase expression
more than TAM, comparable to 4OHT. Terminal groups at
the C2-alkyl residue reduced the antagonistic properties[11].

Interestingly, the E2 antagonism did not influence the
proliferation of MCF-7 cells. All of the dihydroxy and
trihydroxy substituted 1,1,2-triarylalkenes were inactive,
while TAM and 4OHT inhibited the cell growth signifi-
cantly. In this structure activity relationship study we in-
vestigated 1,1-bis(4-methoxyphenyl)-2-phenylalkenes and
1,1,2-tris(4-methoxyphenyl)alkenes to evaluate whether the
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free hydroxy groups are responsible for diminishing the
cytotoxic properties.

2. Materials and methods

2.1. General procedures

IR spectra (KBr pellets): Perkin-Elmer Model 580 A.1H
NMR: ADX 400 spectrometer at 400 MHz (internal stan-
dard: TMS). Elemental analyses: Microlaboratory of Free
University of Berlin; based on the C, H, and N analyses,
all compounds were of acceptable purity (within 0.4% of
the calculated values). Liquid Scintillation Counter: 1450
MicrobetaTM Plus (Wallac, Finland). Microplate Photome-
ter: Labsystems Multiscan® Plus (Labsystems, Finland). Mi-
crolumat: LB 96 P (EG&G Berthold, Germany).

2.2. Syntheses

The 1,1,2-triarylalkenes1a–8a and 1b–8b were synthe-
sized as described previously[9–11]. The COOH deriva-
tives 9a and 9b were obtained by alkaline hydrolysis of
6,6-bis(4-methoxyphenyl)-5-phenylhex-5-enenitrile7a and
5,6,6-tris(4-methoxyphenyl)hex-5-enenitrile7b:

The respective CN substituted compound dissolved in
5 ml of ethanol was combined with 1 ml NaOH (25%) and
was heated to reflux. After 12 h, the half narrowed down so-
lution was acidified with H2SO4 (20%) and the precipitate
was sucked off. The crude product was dissolved in diethyl
ether, washed with water and dried over Na2SO4. Subse-
quently, the solvent was removed under reduced pressure.

2.2.1. 6,6-bis(4-Methoxyphenyl)-5-phenylhex-5-enoic acid
(9a)

From 7a (0.1 g, 0.25 mmol). Yield: 0.08 g (0.21 mmol,
81.5%) of a red–brown solid (mp 120◦C) 1H NMR
([D4]-methanol): δ = 1.66 (m, 2H, CH2); 2.06 (t, 2H,
CH2); 2.5 (m, 2H, CH2); 3.67 (s, 3H, OCH3); 3.83 (s, 3H,
OCH3); 6.56 (AA′BB′ 3J = 8.8 Hz, 2H, ArH-3, ArH-5);
6.77 (AA′BB′ 3J = 8.8 Hz, 2H, ArH-2, ArH-6); 6.92
(AA ′BB′ 3J = 8.6 Hz, 2H, Ar′H-3, Ar′H-5); 7.05–7.16
(m, 7H, Ar′H-2/6, Ar′′H-2/6). IR (KBr, cm−1): 3493 s,
br (OH); 3025 m (ArH); 2947m (CH2); 1669 m (C=O);
1602 m (C=C); 1573 m (C=C); 1508 m (C=C). MS (EI,
190◦C): m/z (%) = 402 [M]•+ (100); 329 (59.9). CHN
C26H26O4·0.5H2O (411.48): calc.: C 75.89%, H 6.61%;
found: C 75.94%, H 6.56%.

2.2.2. 5,6,6-tris(4-Hydroxyphenyl)hex-5-enoic acid (9b)
From 7b (0.4 mmol, 0.17 g). Yield: 0.12 g (0.28 mmol,

69.4%) of a red–brown solid (mp 109◦C) 1H NMR
([D4]-methanol):δ = 1.63 (m, 2H, CH2); 2.09 (t, 2H, CH2);
2.45 (m, 2H, CH2); 3.66 (s, 3H, OCH3); 3.72 (s, 3H, OCH3);
3.80 (s, 3H, OCH3); 6.55 (AA′BB′ 3J = 8.8 Hz, 2H, ArH-3,
ArH-5); 6.70 (AA′BB′ 3J = 8.7 Hz, 2H, Ar′H-3, Ar′H-5);

6.75 (AA′BB′ 3J = 8.8 Hz, 2H, ArH-2, ArH-6); 6.89
(AA ′BB′ 3J = 8.7 Hz, 2H, Ar′′H-3, Ar′′H-5); 7.03 (AA′BB′
3J = 8.7 Hz, 2H, Ar′H-2, Ar′H-6); 7.11 (AA′BB′ 3J =
8.7 Hz, 2H, Ar′′H-2, Ar′′H-6). IR (KBr, cm−1): 2952 m
(CH2); 2835 m (OCH3), 1704 s (C=O), 1607 s (C=C); 1509
s (C=C). MS (EI, 155◦C): m/z (%) = 432 [M]•+ (100); 359
(34.8); 135 (30.8). CHN C27H28O5·H2O (450.54): calc.: C
71.98%, H 6.71%; found: C 71.77%, H 6.84%.

2.3. Biological methods

2.3.1. Materials and reagents for bioassays
Dextran, 17�-estradiol, l-glutamine (l-glutamine so-

lution: 29.2 mg/ml phosphate buffered saline (PBS)) and
Minimum Essential Medium Eagle (EMEM): Sigma (Mu-
nich, Germany); Dulbecco’s Modified Eagle Medium with-
out phenol red (DMEM): Gibco (Eggenstein, Germany);
fetal calf serum (FCS): Bio Whittaker (Verviers, Belgium);
N-hexamethylpararosaniline (crystal violet) and gentamicin
sulfate: Fluka (Deisenhofen, Germany); glutaric dialdehyde
(25%): Merck (Darmstadt, Germany); trypsin (0.05%) in
ethylenediaminetetraacetic acid (0.02%) (trypsin/EDTA):
Boehringer (Mannheim, Germany); penicillin–streptomycin
gold standard (10,000 IE penicillin/ml, 10 mg strepto-
mycin/ml) and geneticin disulfate (geneticin solution:
35.71 mg/ml PBS): ICN Biomedicals GmbH (Eschwege,
Germany); norit A (charcoal): Serva (Heidelberg, Germany);
cell culture lysis reagent (5× diluted 1:5 with purified water
before use) and the luciferase assay reagent: Promega (Hei-
delberg, Germany); optiphase HiSafe3 scintillation liquid:
Wallac (Turku, Finland); NET-317-estradiol[2,4,6,7-3H(N)]
(17�-[3H]estradiol): Du Pont NEN (Boston, Maryland);
[D4]-methanol: Aldrich (Steinheim, Germany); PBS was
prepared by dissolving 8.0 g of NaCl, 0.2 g of KCl, 1.44 g of
Na2HPO4·2H2O and 0.2 g of KH2PO4 (all purchased from
Merck or Fluka) in 1000 ml of purified water. Tris-buffer
(pH = 7.5) was prepared by dissolving 1.211 g of tr-
ishydroxymethylaminomethan, 0.372 g of Titriplex III and
0.195 g of sodium azide (all from Merck or Fluka) in
1000 ml of purified water. Deionized water was produced
by means of a Millipore Milli-Q Water System, resistivity
>18 M�. T-75 flasks, reaction tubes, 96-well plates and
6-well plates were purchased from Renner GmbH (Darm-
stadt, Germany).

2.3.1.1. Estrogen receptor binding assay. The relative
binding affinity (RBA) of the test compounds to the ER was
determined in a competition test with 17�-[3H]estradiol. For
this purpose the test compounds dissolved in ethanol and di-
luted with Tris-buffer to six–eight appropriate concentrations
(300�l) were incubated shaking with calf uterine cytosol
(100�l) and 17�-[3H]estradiol (0.723 pmol in Tris-buffer
(100�l); activity: 2249.4 Bq per tube) at 4◦C for 18–20 h.
Five hundred microliters of a dextran–charcoal-suspension
in Tris-buffer was added to each tube to stop the reaction.
After shaking for 90 min at 4◦C and centrifugation 500�l
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HiSafe3 was mixed with 100�l supernatant of each sam-
ple. The reactivity was determined by liquid scintillation
spectroscopy. The same procedure was used to quantify
the binding of 17�-[3H]estradiol (0.723 pmol, control).
Non-specific binding was calculated using 4�mol of
17�-estradiol as the competing ligand. On a semilog plot
the percentage of maximum bound labeled steroid corrected
by the non-specifically bound 17�-[3H]estradiol versus
concentration of the competitor (log-axis) was plotted. At
least six concentrations of each compound were chosen
to estimate its binding affinity. From this plot those molar
concentrations of unlabelled estradiol and of the competi-
tors were determined which reduced the binding of the
radioligand by 50%.

RBA (%) = IC50 estradiol

IC50 sample
× 100

2.3.1.2. Cell lines and growth conditions. The MCF-7-2a
cell line, the MCF-7 cell line and the MDA-MB 231 cell
line were maintained as a monolayer culture at 37◦C in a
humidified atmosphere (95% air, 5% CO2) in T-75 flasks.
Cell line banking and quality control were performed ac-
cording to the seed stock concept reviewed by Hay[12].
Growth media: MCF-7-2a cell line: phenol red free DMEM
with penicillin/streptomycin 1%,l-glutamine 1%, FCS 5%
and geneticin solution 0.5%. MCF-7 cell line:l-glutamine
containing EMEM supplemented with NaHCO3 (2.2 g/l),
sodium pyruvate (110 mg/l), gentamicin sulfate (50 mg/l)
and FCS (100 ml/l). MDA-MB 231 cell line: McCoy’s 5A
medium supplemented with NaHCO3 (2.2 g/l), sodium pyru-
vate (110 mg/l), gentamycin (50 mg/l) and 5% FCS.

2.3.1.3. Transcriptional binding assay, luciferase assay.
One week before starting the experiment, MCF-7-2a cells
were cultivated in DMEM supplemented withl-glutamine,
antibiotics and dextran/charcoal-treated FCS (ct-FCS,
50 ml/l). Cells from an almost confluent monolayer were
removed by trypsinization and suspended to approxi-
mately 2.2 × 105 cells/ml in the growth medium men-
tioned above. The cell suspension was then cultivated in
six well flat-bottomed plates (0.5 ml cell suspension and
2 ml medium per well) at growing conditions (see above).
After 24 h, 25�l of a stock solution of the test compounds
was added to achieve concentrations ranging from 10−6

to 10−11 M and the plates were incubated for 50 h. Before
harvesting, the cells were washed twice with PBS and then
200�l of cell culture lysis reagent was added into each well.
After 20 min of lysis at room temperature, the cells were
transferred into reaction tubes and centrifuged. Luciferase
was assayed using the Promega luciferase assay reagent.
Fifty microliters of each supernatant was mixed with 50�l
of substrate reagent. Luminescence (in relative light units
(RLU)) was measured for 10 s using a microlumat. Measure-
ments were corrected by correlating the quantity of protein
(quantified according to Bradford[13]) of each sample with

the mass of luciferase. Estrogenic activity is expressed as
percentage activation of a 10−8 M estradiol control (100%).

To evaluate the antagonistic activity, the cells were in-
cubated with a constant concentration of E2 (10−9 M) and
in combination with increased concentrations (10−11 to
10−6 M) of inhibitor. The percentage activation was calcu-
lated in relation to the luciferase expression of E2 alone. The
IC50 value is taken from the concentration activation curve.

2.3.1.4. Determination of the antiproliferative activity
against MCF-7 and MDA-MB 231 human breast cancer
cells. Cells from an almost confluent monolayer were
harvested by trypsinization and suspended to approximately
7×104 cells/ml. At the beginning of the experiment, the cell
suspension was transferred to 96-well microplates (100�l
per well). After cultivating them for 3 days at growing
conditions, the medium was removed and replaced by one
containing the test compounds. Control wells (16 per plate)
contained 0.1% of DMF that was used for the preparation of
the stock solutions. The initial cell density was determined
by addition of glutaric dialdehyde (1% in PBS, 100�l
per well). After incubation for 4–7 days, the medium was
removed and glutaric dialdehyde (1% in PBS, 100�l per
well) was added for fixation. After 15 min, the solution of
the aldehyde was decanted and 180�l PBS per well were
added. The plates were stored at 4◦C until staining. Cells
were stained by treating them for 25 min with 100�l of an
aqueous solution of crystal violet (0.02%). After decanting,
cells were washed several times with water to remove the
adherent dye. After addition of 180�l of ethanol (70%),
plates were gently shaken for 4 h. Optical density of each
well was measured in a microplate autoreader at 590 nm.
The effectiveness of the compounds is expressed as:

T/Ccorr (%) = T − Co

C − Co
× 100,

whereT (test) andC (control) are the optical densities of
the crystal violet extract of the cells in the wells (i.e. the
chromatin bound crystal violet extracted with ethanol 70%),
andCo is the density of the cell extract immediately before
treatment. Cytocidal effect:

τ (%) = T − Co

Co
× 100.

3. Results

The relative binding affinities (RBA values, seeTable 1)
were determined in a competition experiment with [3H]-E2
and cytosol of calf uterine.1

The RBA values were low. Only2b (RBA = 1.05%),
3a (RBA = 0.55%) and6b (RBA = 0.62%) possessed
an RBA > 0.5%. Although no clear structure activity

1 This ER source was used to get relative binding affinities, which can
be compared with the data published earlier.
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Table 1
Biological effects of the 1,1,2-triarylalkenes1a–9a, 1b–9b

Compound R1 R2 RBAa (%) Antagonistic effect
(%) at 1�Mb

Agonistic effect
(%) at 1�Mb

1a –H H 0.05 29.4 23.9
1b –H OCH3 0.06 11.5 13.1
2a –CH3 H 0.43 12.7 −35.1
2b –CH3 OCH3 1.05 7.3 14.0
3a –CH2–CH3 H 0.55 39.6 −66.1
3b –CH2–CH3 OCH3 0.26 49.0 9.9
4a –CH2–CH2–CH3 H 0.33 18.5 −67.9
4b –CH2–CH2–CH3 OCH3 0.34 56.2 12.4
5a –CH2–CH2–CH2–CH3 H 0.02 44.0 −68.6
5b –CH2–CH2–CH2–CH3 OCH3 0.09 38.8 10.4
6a –CH2–CH2–CN H 0.05 4.2 −10.5
6b –CH2–CH2–CN OCH3 0.62 49.3 −19.9
7a –CH2–CH2–CH2–CN H 0.01 28.5 −12.7
7b –CH2–CH2–CH2–CN OCH3 0.33 50.2 −11.9
8a –CH2–CH2–CH2–NH2 H 0.05 26.3 13.6
8b –CH2–CH2–CH2–NH2 OCH3 0.01 32.3 5.7
9a –CH2–CH2–CH2–COOH H 0.01 7.9 27.9
9b –CH2–CH2–CH2–COOH OCH3 0.01 13.7 −5.6
TAM 1.8 27.66 (IC50 = 500 nM) −19.4
4OHT 15.6 −48.92 (IC50 = 7 nM) −17.7

a Relative binding affinity (RBA)(%) = (IC50 (E2)/IC50 (ligand)) × 100; mean value of three independent determinations.
b Agonistic effects (percentage activation of luciferase expression) and antagonistic effects (inhibition of an E2 (1 nM) induced luciferase expression)

were determined in hormone dependent MCF-7-2a cells in a concentration range of 10−11 to 10−6 M. The effects at 1�M were taken from the respective
concentration activity curve.

relationship can be deduced from the data listed inTable 1,
it is obvious that hydrophilic terminal groups at the C2-alkyl
chain disturb the ER interaction (NH2: 8a (RBA = 0.05%)
and8b (RBA = 0.01%); COOH:9a (RBA = 0.01%) and
9b (RBA = 0.01%)).

The possible gene activation resulting from ER interac-
tion was evaluated in a luciferase assay using MCF-7-2a
cells. These ER positive human breast cancer cells are stably
transfected with the reporter plasmid EREwtcluc. The bind-
ing of ER/drug dimers at the estrogen response elements of
the plasmid activates the luciferase gene. The quantifica-
tion of the luciferase expression allows a prediction of the
agonistic potency, the inhibition of the E2 (1 nM) induced
activation correlates with the antagonistic effects of the
compounds.

The triarylalkenes were tested for agonistic and antago-
nistic effects in a concentration range of 10−11 to 10−6 M.
All triarylalkenes failed to evoke transcriptional activation
of the luciferase gene, also in the highest used concentration
(percentage activation at 1�M, seeTable 1). On the other
hand, marginal antagonistic effects were determined for3b,
4b, 6b and7b, which reduced the E2 induced gene activa-

tion by about 50% in the highest used concentration of 1�M
(seeTable 1). The amino (8a, 8b) and COOH derivatives
(9a, 9b) were completely inactive.

Interestingly,8a and 8b influenced the proliferation of
MCF-7-2a cells. Therefore, we determined the cytotoxicity
of the triarylalkenes1a–9a and1b–9b on the hormone de-
pendent human MCF-7 breast cancer cell line in concentra-
tions of 1, 5 and 10�M over a time period up to 250 h. Time
activity curves were created using the measured percentage
T/C values at five different incubations times.

The compounds showed the maximum of activity after
75 h, which is diminished with exception of8b during the
following time of incubation. Compound8b held its effects
over 250 h (seeFig. 3).

The antiproliferative effects depend on both, the kind of
terminal group at the C2-alkyl chain and the substituents in
the aromatic rings (seeFig. 1). The 1,1-bis(4-methoxyphe-
nyl)-2-phenylalkenes2a–5a showed significant cytotoxic
effects and reduced the cell growth up to 50% in a concen-
tration of 10�M (seeFig. 1, 1a was inactive). The CN sub-
stituted compound7a was more active in each of the used
concentrations than the respective 1,1-bis(4-methoxyphenyl)-
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Fig. 1. Cytotoxicity of bismethoxy (A) and trismethoxy (B) substituted 1,1,2-triarylalkenes on the MCF-7 cell line after an incubation time of 75 h. The
T/Ccorr values represent usually the maximal inhibitory effects of the test compounds.

2-phenylpent-1-ene4a. Exchange of the CN function by
NH2 (8a) enhanced the cytotoxicity further. Compound8a
showed cytocidal activity (τ = −27%) in a concentration of
10�M (Fig. 1). Interestingly,9a endowed with a terminal
COOH group was completely inactive.

The 4-OCH3 substitution of the 2-phenyl ring increased
the growth inhibitory effects especially of the compounds
with terminal CN (6b, 7b) and NH2 groups (8b). The most
active compound in this series,8b showed cytocidal effects
(τ = −32%) even in a concentration of 5�M and is there-
fore more potent than TAM (T/Ccorr = 12% at 5�M) and
4OHT (T/Ccorr = 27% at 5�M) (seeFig. 3).

Interestingly, the ether cleavage reduced the cytotoxicity.
The hydroxy substituted NH2 derivatives8a-OH,8b-OH did
not influence the growth of the MCF-7 cells (seeFig. 2).
The same loss of activity was observed for compounds with
terminal CN group (7a-OH, 7b-OH) and their parent com-
pounds5a-OH, 5b-OH, although they represent true antie-
strogens[11] and should interfere with the hormonal regu-
lation of the cell growth.

Due to these data we propose a mode of action of7a, 7b
and8a, 8b which is ER independent. To demonstrate this, we
investigated the effects of8a and8b on the hormone inde-
pendent MDA-MB 231 breast cancer cell line (Fig. 3). Both
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Fig. 2. Effects of selected bishydroxy and trishydroxy substituted 1,1,2-triarylalkenes on the MCF-7 cell line. TheT/Ccorr values relate to an incubation
time of 75 h.

Fig. 3. Antiproliferative effects of TAM, 4OHT,8a and 8b on the hormone dependent MCF-7 (upper) and hormone independent MDA-MB 231 (lower)
breast cancer cell line. The cytocidal effects are expressed asτ (%) = ((T − Co)/Co) × 100.
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compounds reduced the cell growth, whereby8a equaled
the effect of 4OHT and8b was even more active than both
4OHT and TAM.

4. Discussion

TAM, droloxifene or teremifene are drugs, investigated
for the treatment of the hormone dependent breast cancer.
They have tissue selective estrogen agonistic or antagonistic
effects and are commonly referred to as selective estrogen
receptor modulators. They possess antagonistic properties
in breast malignancy and agonistic properties in the skele-
ton, uterus, and cardiovascular system[14]. As prerequisite
for this mode of action a basic side chain located in the
4-position of the C1-phenyl ring is supposed.

To get more insight into the structural requirement for
the antagonistic properties of TAM in tumor cells, we in-
vestigated the E2 antagonism of related dihydroxy and tri-
hydroxy substituted 1,1,2-triarylalkenes in hormone depen-
dent MCF-7-2a breast cancer cells. Interestingly, their an-
tagonistic profile is mainly determined by the kind of side
chain at the C2-atom. A dimethylaminoethane substituent is
dispensable[9–11].

The influence on the cell growth, however, is only
marginal despite their capability to interfere with the hor-
monal regulation of the cell growth. After O-methylation,
the hormonal potency decreased drastically, but now the
compounds are able to reduce the cell growth. As most
active compounds the amino derivatives8a and8b showed
cytocidal effects without having significant agonistic and
antagonistic properties. The nearly identical effects on both,
the hormone dependent MCF-7 and the hormone indepen-
dent MDA-MB 231 cell line, indicate an ER independent
mode of action, which is quite unclear. However, there
are many investigations on TAM and related compounds
suitable for discussion.

It is well known that the carcinogenesis of TAM results
from the formation of DNA adducts after the activation by
the cytochrome P450 mixed function oxidases[15–17]. The
metabolic activation involves�-hydroxylation[18] followed
by a hydroxy steroid sulfotransferase mediated sulfate conju-
gation[19]. Loss of this sulfate moiety leaves a carbocation,
promoting nucleophilic attack by theN2-aminogroup of de-
oxyguanosine to form�-(deoxyguanosine-N2-yl)tamoxifen
[20]. This DNA-damage can also be the reason for the ER in-
dependent antiproliferative effects of TAM on the hormone
dependent MCF-7 and hormone independent MDA-MB 231
breast cancer cell lines.

Fan et al.[21] investigated the oxidation of TAM and
toremifene in MCF-7 cells and confirmed the building of
quinone methides and the reaction with electrophiles in
the cells. However, the reaction is slow compared to other
p-chinone methides and the formed conjugates are not stable.

Kuramochi [22] studied the stability of reactive in-
termediates of TAM and its 4-OH metabolite 4OHT by

molecular mechanics, molecular dynamics and quantum
mechanics calculation and confirmed a close relationship
between the stability of the intermediates and their DNA
adduct formation. He demonstrated a higher stability of the
carbocation intermediates of 4OHT compared to TAM. De-
protonation of the 4-OH group neutralizes the carbocation
and a quinone methide with lower electrophilic reactivity
is built. The same effect was confirmed for toremifene and
4-hydroxytoremifene, however with a considerably higher
amount of the deprotonated form. This correlates very well
with the much lower reactivity and the lower DNA adduct
formation of 4-hydroxytoremifene.

The oxidation of 1,1-bis(4-hydroxy/methoxyphenyl)-2-
phenylalkenes and 1,1,2-tris(4-hydroxy/methoxyphenyl)
alkenes by P450 enzymes might be a possible activation
step. However, the inactivation by deprotonation seems to
be favored in the case of the dihydroxy and trishydroxy
substituted derivatives and could be the reason for the low
antiproliferative effects. This reaction is impossible after
O-methylation and the�-cation should possess sufficient
reactivity for a covalent binding to nucleobases of the
DNA.

The �-cation gets a satisfactory stabilization either by
inductive effects of the C2-alkyl chain or by anchimeric
assistance of functional groups. Terminal NH2 and the
COOH groups are nucleophiles reacting with the�-C-atom
to azetidin and a�-butyrolactone intermediate (seeFig. 4).
Nucleobases such as guanosine can open both rings to
be amidated and alkylated, respectively. The stability of
amides is much lower compared to the related alkyl deriva-
tive under in vitro conditions and could be the reason for
the different cytotoxicity of8a, 8b and9a, 9b.

The cytotoxicity of 4OHT indicates however that also
further targets must be taken into consideration. It was
demonstrated that TAM and other 1,1,2-triarylalkenes in-
teract with the antiestrogen binding site (AEBS) protein
[23], the P-glycoprotein efflux pump[24], calmodulin[25]
and the regulatory domain of protein kinase C (PKC)[26].
PKC is an activator for phospholipase D (PLD) which plays
a mechanistic role in cellular transformation, especially of
human breast adenocarcinoma cells, colon adenocarcinoma
cells and human renal cancers[27,28].

Lavie et al. [29] reported that TAM elicited isozyme-
specific membrane association of PKC-ε in MCF-7 cells.
In SAR studies, they evaluated the chemical requirements
for PKC-ε translocation. TAM, droloxifene and clomiphene
bearing basic side chains interact with PKC-ε, while com-
pounds such as related hydroxylated 1,1,2-triarylbut-1-enes
are inactive. This suggests that PKC activity can be inhib-
ited by different routes depending on the 1,1,2-triarylalkene
structure.

Another mode of action can be gathered from the in-
vestigations of Jonnalagadda et al.[30]. They studied the
influence of ring halogenation, methoxylation and ben-
zyloxylation of Z-1,1-dichloro-2,3-diphenylcyclopropane
(analog II), which is an effective anti-breast cancer agent
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Fig. 4. Postulated activation of the methoxy substituted 1,1,2-triarylalkenes8a and 8b.

in rodents and in cell culture. The cytostatic activities of
the compounds against MCF-7 and MDA-MB 231 hu-
man breast cancer cells were tested. TheZ-1,1-dichloro-2-
(4-methoxyphenyl)-3-phenylcyclopropane was found to
be more active than analog II. Both compounds inhibited
tubulin assembly in vitro and caused microtubule loss in
breast cancer cells, leading to an accumulation in the G2/M
portion of the cell cycle.

5. Conclusion

The compounds assayed in this study show only mod-
est estrogen receptor binding affinity and antiestrogenic-
ity as well as no estrogenic effects. The amines8a and
8b exert a strong cytotoxic effect on the MCF-7 cell line.
According to our findings, this cytotoxicity cannot be es-
trogen receptor mediated. Further studies must be carried
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out to investigate the mechanism of cytotoxicity and tissue
selectivity.
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