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SHORT COMMUNICATIONS 

Affinity of  l igands other than triarylethylenes for l iver microsomal  antiestrogen 
binding sites* 

(Receioed 23 October 1984; accepted 21 January 1985) 

Tamoxifen (TAM) (Fig. 1) is a triarylethylene antiestrogen 
of use in the palliative treatment of breast cancer, and in 
biochemical studies of the mechanism of action of estrogens 
[1, 2]. While the molecular mechanisms by which TAM 
exerts its pharmacologic effects are not fully understood, 
interference with estrogen receptor function seems to be 
of the greatest significance [2]. Recently, TAM and other 
antiestrogens were reported to interact with binding sites 
distinct from estrogen receptors [3]. While these anti- 
estrogen binding sites (AEBS) were found in estrogen 
receptor-containing tissue (ovary, uterus), highest con- 
eentrations were found in the liver, particularly in the 
microsomal fraction [4]. Thus, it has been suggested that 
these sites influence the effects of TAM and related anti- 
estrogens indirectly, by affecting pharmacokinetic 
parameters. 
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Fig. 1. Structure of tamoxifen. 

The basic aminoether side chain in TAM and other 
triarylethylene antiestrogens seems to be an absolute 
requirement for AEBS affinity [4,5]. Also the tri- 
arylethylene aromatic moiety appears to be necessary for 
optimal binding [5], although replacement of this with a 
diphenylmethyl moiety gave a compound with affinity for 
AEBS approaching that of TAM [6]. This latter finding 
suggested to us that compounds bearing aminoether side 
chains and aromatic moieties besides diphenylmethy!, such 
as the 1,2-diphenyl, phenothiazine, or dibenzazepine 
systems, might have affinity for the AEBS. Many drugs 
and related chemicals contain combinations of these sub- 
stituents. Thus, the objective of this study was to determine 
the affinity, relative to that of TAM, of representative 
compounds hearing basic aminoether side chains and aro- 
matic moieties different from that of TAM. 

Materials and methods 

Materials. The ~-(dimethylamino)ethyl derivatives ofp- 
bromophenol, p-hydroxybenzophenone, and p-hydroxy-o~- 
ethyldeoxybenzoin were prepared as described previously 
[7-9]. Diphenhydramine hydrochloride, procaine hydro- 
chloride, and metyrapone were purchased from the Sigma 
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Chemical Co., St. Louis, MO. Other chemicals were 
obtained as gifts, fro/n the manufacturers indicated in par- 
entheses, as follows: brompheniramine maleate (Arnar- 
Stone Laboratories, McGaw Park, IL); chlorpromazine 
hydrochloride, SKF 525-A: ff-(diethylamino)-ethyl-o~-t~o 
diphenylvalerate hydrochloride, and isopropamide iodide 
(Smith, Kline & French Laboratories, Philadelphia, PA); 
imipramine hydrochloride (Ciba-Geigy, Inc., Summit, N J); 
and tamoxifen citrate (Stuart Pharmaceuticals, Wilming- 
ton, DE). 

[3H]TAM (70 Ci/mmole, 0.19 Ci/mg), labeled at one of 
the N-methyl groups, was purchased from the Amersham 
Corp., Arlington Heights, IL. Radiochemical purity was 
checked by thin-layer chromatography using plastic backed 
precoated sheets (silica gel 60 F254, EM Reagents No. 5775), 
and chloroform-methanol-28 % aqueous ammonia 
(90:10:0.5, by vol.) as developing solvent. After storage 
at 80 for 6 months, 95% of the radioactivity present 
migrated with unlabeled tamoxifen, but after 9 months only 
88% of the radioactivity did so. Preparative thin-layer 
chromatography of an aliquot of the stock solution con- 
taining 0.126 #g (24 pCi) was carried out under conditions 
described above. The zone with R I equal to that of TAM 
was cut out and eluted with 3.4 ml of ethanol. The [3HI- 
TAM in this solution was found to be 98% radiochemically 
pure. 

TEA buffer was composed of Tris base (10mM), 
disodium EDTA (1.5 mM) and sodium azide (3 raM). Solu- 
tion pH was adjusted to 7.2 (25 °) by addition of 10% 
aqueous HC1. 

Dextran-coated charcoal suspension was prepared by 
stirring a suspension of 100 mg of Dextran C and 1 g of 
Norit A in 100 mi of deionized water for 12 hr at 8 °. The 
mixture was centrifuged, and the precipitate was resus- 
pended in 100 ml of cold TEA buffer. The mixture was 
stored at 8 ° . 

Tissue preparation. Livers from groups of four 24-day- 
old female Sprague-Dawley rats were minced and homo- 
genized in 5 vol. of ice-cold 1.15% KC1. The homogenate 
was centrifuged at 9000 g for 20 rain. The resulting super- 
natant fraction was centrifuged at 105,000g for 60 min. 
The combined microsomal pellets were homogenized in a 
volume of ice-cold 1.15% KCI equal to one-half that orig- 
inally used. The homogenate was diluted with an equal 
volume of ice-cold TEA buffer. After mixing, 1-ml aliquots 
of the diluted homogenate were lyophilized. (The amount 
of [3H]TAM-specific binding in reconstituted homogenates 
prepared in this way was constant for at least 6 weeks.) 
Lyophilized aliquots were reconstituted in 1.0 ml of ice 
water and 7.0 ml of ice-cold TEA buffer. Protein con- 
centration was determined colorimetrically [10] and was 
adjusted to 0.5 mg/ml with ice-cold TEA. 

Incubation mixtures. Incubations were carried out in 
triplicate at 4 ° in 12.5 x 75 mm polypropylene centrifuge 
tubes. In each tube was placed 0.2 ml of microsomal sus- 
pension (equivalent to 0.1 mg protein) and 0.01 ml of a 
solution of [3H]TAM (1 pmole) in ethanol. Then 0.01 ml 
of a solution of unlabeled competitor in N,N-dimethyl- 
acetamide was added. After vortexing, incubation mixtures 
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were stored for 4 hr. Then 0.4 ml of dextran-coated charcoal 
suspension was added to each tube, and after 15 min tubes 
were centrifuged at 500g for 15 min. An aliquot (0.4 ml) 
of each supernatant fraction, in 8ml of Scintiverse II 
(Fisher), was analyzed for bound [3H]TAM by liquid scin- 
tillation spectrometry. 

Results and discussion 

Preliminary experiments showed specific [3H]TAM bind- 
ing to be directly proportional to protein concentration 
when the latter was between 0.05 and 0.12 mg per incu- 
bation (0.23 to 0.55 mg protein/ml). Higher protein con- 
centrations resulted in reduced specific binding per mg of 
protein. Also, specific [3H]TAM binding was unaffected by 
the presence of 1 × 10 _5 M estradiol. 

Most of the compounds listed in Table 1 were able to 
displace specifically bound [3H]TAM from rat liver micro- 
somal binding sites. Metyrapone, a compound containing 
two aromatic rings but no side chain, had apparent affinity 
comparable to that of several of the compounds containing 
both aromatic moieties and basic side chains (e.g. chlor- 
promazine). No apparent affinity was seen with isopro- 
pamide, in which the side chain nitrogen was quaternized, 
or in brompheniramine, in which the side chain and the 
aromatic moiety were not separated by an oxygen or a 
nitrogen atom. 

Relative binding affinites (RBA) of the six compounds 
with the most pronounced effects in the one-point assays 
are listed in Table 2. TAM, which contains the 1,1,2- 
triarylethylene system, had the highest RBA. The next 
three compounds, which have 1,1-diphenylmethyl or 1,2- 
diphenyl moieties, had RBA values equal to 10-20% of 
that of TAM. The compound containing a single benzene 
ring, and the one containing a phenothiazine ring, each had 
RBA values equal to about 1% that of TAM. 

Table 2. Affinity of compounds bearing N,N-diaikyl- 
aminoalkyl side chains for rat liver microsomal antiestrogen 

binding sites* 

lCs0t 
Compound (M) RBA;t 

TAM 5.8 × 10 -s (100) 
SKF 525-A 3.2 x 10 -7 18 

O 
II 

Me2NCH_,CH20--~\ //~---CCHPh 2.9 × 10 -7 20 
"~.._.ff | 

Et 

Me 2 N C H 2 C H 2 0 ~ C O P h  5.2 X 10 -7 11 

Me2NCH2CH20- -~  ////k-- Br 8.7 × 10 -6 0.7 

Chlorpromazine 4.0 × 10 -6 1.5 

* Six to eight concentrations (10 -9 M to 10 -4 M) of each 
unlabeled competitor were evaluated for ability to displace 
specifically bound [all]TAM at a set concentration of 
4.5 x 10 -9 M. Specific binding of [3H]TAM at each com- 
petitor concentration was determined as described in Table 
1. 

t The concentration required for 50% displacement of 
specifically bound [3H]TAM. 

~: Relative binding affinity (RBA) = (1%0 of TAM/I%0 
of the test compound) x 100. 

Table 1. Inhibition of binding of [3H]TAM to antiestrogen binding sites from immature female rat 
liver microsomes by compounds bearing N,N-dialkylaminoalkyl side chains* 

Compound 

Inhibition of 
Conc. specific binding 

Aromatic moiety (pM) (%) 

Brompheniramine Phenyl-2-pyridylmethyl 1.0 0 
Diphenhydramine Diphenylmethyl 10.0 56 
SKF 525-A Diphenylmethyl 1.0 92 
Isopropamidet Diphenylmethyl 10.0 0 
Procaine Phenyl 10.0 2 
Imipramine Dibenzazepine 10.0 60 
Chlorpromazine Phenothiazine 1.0 60 
Tamoxifen 1,1,2-Triaryl 10.0 (100) 

II 
Me ~N CI~ ~ CH~ 0 - ~ \  /,)-- CCI-I Ph 1 ,2-Diphenyl 

/ 

Et 

Me 2 N C H 2 C H 2 0 - @  COPh 

M e 2 N C H 2 C H 2 0 - ~  Br 

Metyrapone:~ 

10.0 100 

Diphenylmethyl 10.0 100 

Phenyl 10.0 76 

1,2-Dipyridyl 10.0 59 

* The [3H]TAM concentration was 4.5 × 10 -9 M in all incubations. Total binding was determined 
in incubation mixtures to which vehicle (N,N-dimethylacetamide) only was added. Nonspecific 
binding was determined in mixtures containing 1 × 10 -5 M unlabeled TAM. Specific binding was 
calculated by subtracting non specific dpm bound from total dpm bound. Typically, specific binding 
in the absence of unlabeled competitor was ca. 20,000 dpm, which is equivalent to 134 fmoles per 
incubation (0.1 mg protein). 

t This compound contains an N,N,N-trialkylammonioalkyl side chain. 
~: This compound does not contain a basic side chain. 
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The data in Table 1 indicate that compounds with a 
variety of aromatic moieties are able to compete with [3H]- 
TAM for binding to rat liver microsomal AEBS. While the 
data in Table 2 reaffirm AEBS to bind triarylethylenes such 
as TAM with highest affinity, our results indicate that these 
sites will bind a relatively diverse collection of structural 
types, including SKF 525-A and metyrapone. 

Since the last compounds are classical inhibitors of drug 
metabolism [11, 12], it may be that AEBS are a component 
of the liver microsomal drug-metabolizing enzyme system, 
which also is known to have relatively low ligand (substrate) 
specificity [13]. Cytochrome P-450, a component of this 
system, has been suggested to interact with SKF525-A 
[14], metyrapone [12], and TAM [15, 16] in part on the 
basis of difference spectra generated by addition of each of 
these drugs to liver microsomal suspensions. Our results 
indicated an AEBS level of 1.34 pmoles/mg microsomal 
protein (Table 1), whereas rat liver contains about 
1000 pmoles of cytochrome P-450/mg microsomal protein 
[17]. Thus, if one assumes that the AEBS are associated 
with cytochrome P-450, the amount involved must be a 
small percentage of the total amount present. Studies with 
purified components of the drug-metabolizing enzyme 
system, including isoenzymatic forms of cytochrome P- 
450, will be necessary to determine whether any of these 
constitute the AEBS. 

The apparent distribution volume, and thus the extent 
and duration of action of triarylethylene antiestrogens, has 
been suggested to be influenced by the affinity of these 
compounds for AEBS [4, 18]. Our results implicate AEBS 
in modulation not only of the pharmacokinetics of TAM 
and related antiestrogens, but also of those of a wide variety 
of drugs bearing aminoether side chains and aromatic sys- 
tems like those of compounds in this study. 
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Differential inhibition by T-2 toxin of total protein, DNA and isoprenoid synthesis 
in the culture macrophage cell line J774 

(Received 9 July 1984; accepted 8 March 1985) 

T-2 toxin (4fl,15diacetoxy-8tr-(3-methylbutyryloxy)-12,13. 
epoxytrichothec-9-ene-3o~-ol.) is part of a major family of 
mycotoxins known as trichothecenes, which have world- 
wide distribution and which are implicated in a diverse 
variety of disease processes in animals and man [1-4]. The 
clinical picture in both man and animals is determined 
principally by arrest of normally rapidly proliferating tissues 
followed by their necrosis, as in bone-marrow, skin and 
gastrointestinal tract [5-6]. Of major interest is the effect 
of T-2 toxin on immune function, as leukopenia and agran- 
ulocytosis are life threatening complications of toxicity 
states. 

In vitro studies have shown a number of the trichothecene 
toxins to be potent inhibitors of protein synthesis. These 
compounds, including T-2 toxin, would bind to ribosome 
thereby inhibiting peptidyl transferase and blocking initia- 
tion of synthesized polypeptides [7]. Although the mech- 

anism of protein synthesis inhibition has been studied in 
vitro there have been very few detailed studies on whole 
cells aimed at accurately elucidating the effects of T-2 toxin 
on integrated cell function [8-9]. 

This study was undertaken to more precisely define the 
differential stability of J774 macrophage cell enzymes 
important in normal growth behaviour to the toxicity of T-2, 
by following the inhibition of protein, DNA and isoprenoid 
synthesis. 

Materials and methods i' 

The cells used in this study were derived from the J774 
macrophage cell line originally isolated by Ralph and Nako- 
inz [11] and cloned in the laboratory of Dr. B. Bloom, 
Albert Einstein College of Medicine, NY. Cells were cul- 
tivated.in Eagle's Minimal Essential Medium (MEM) sup- 
pleme6fed with glutamine, glucose, 20% horse serum (inac- 
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