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Estrogenic activities of ~ethoxyehlor metaboiites 

(Received 5 February i981; accepted 22 April 1981) 

The DDT substitute, methoxychlor [2,2-his@-meth- 
ox~heuyl)-l,l,i-trichloroethane], has been shown to have 
weak estrogenic activity in uivo in experimental animals 
[l-3]. The parent compound does not have significant 
affinity for the estrogen receptor in in vitro assays 14-71; 
however, incubation of methoxychlor with rat liver micro- 
somat preparations in the presence of NADPH increases 
the ability of methoxychlor to inhibit f~H]estradioI binding 
to rat uterine receptor [6-91 or to elicit translocation of the 
receptor to the nucleus [7]. These observations strongly 
suggest that a metabofite(s) of methoxychlor might account 
for its in vivo estrogenic activity. Two principal metabolites 
of methoxychlor are the demethylated derivatives [lo]: 
(I) 2-~-hydroxyphenyl)-2-~-methoxypheny~~-l,l,l-TV- 

chloroethane (mono-phenols, and (2) 2,2-bis(p- 
hydroxyphenyl)-l,l,l-t~chloroethane (bis-phenol). This 
~mmuni~tion describes the in vitro affinities of these 
metabolites for the rat uterine estrogen receptor. A pre- 
liminary report of this work has appeared [ 1 l]. 

material and method 
With the exception of the chemical synthesis of the major 

methoxychlor metabohtes, the materials were as described 
previously ]4]. Following the procedure of Kapoor et al, 
HO], freshly distilled chloral (5 ml) and 7.4 g of aluminum 
chloride were added to 9.4 g of phenol in 250 ml of chlo- 
roform cooled to 0”. The mixture was stirred for 5 hr at O”, 
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overnight at room temperature, and washed with 200 ml 
of water. The chloroform layer was dried over sodium 
sulfate, and concentrated in uacuo to 20 ml. A crystalline 
precipitate was collected by filtration and washed with 
benzene. Recrystallization from benzene yielded 550 mg 
of the bis-phenol (m.p. 203”), as confirmed by mass spectral 
analysis. The bis-phenol (450 mg) in 10 ml of methanol was 
treated dropwise with stirring at 0” with an ether solution 
of diazomethane (prepared from 1 g of Diazald, Aldrich 
Chemical Co., Milwaukee, WI). Stirring was continued for 
30 min at o”, after which the ether was removed by evap- 
oration. The residue was separated on a preparative silica 
gel thin-layer plate (Analtech, Newark, DE) in 
chloroform-acetone (9: 1). A band at RfO.4 was eluted with 
methanol, filtered, and evaporated, yielding 56 mg of the 
mono-phenol as determined by mass spectral analysis. The 
starting material (230mg) was recovered at RfO.2. Ring, 
uniformly labeled [“‘C]methoxychlor (4.0 mCi/mmole) was 
obtained from California Bionuclear Corp. (Sun Valley, 
CA). 

The methods for measuring 17/l-[6,7-3H]estradiol 
([“Hlestradiol) binding to rat uterine supernatant protein 
using the dextran-coated charcoal procedure were 
described previously [4]. The [‘Hlestradiol concentration 
was 2 nM in the binding assay. Alcoholic solutions of meth- 
oxychlor (recrystallized from ethanol), the mono- and 
bis-phenol derivatives, and diethylstilbestrol (DES) were 
added to the [‘Hlestradiol binding assay to give a final 
ethanol concentration of 4%;. 

Microsomal pellets from fresh liver (lo&200 g female, 
Sprague-Dawley rats) were prepared by homogenizing the 
tissue (20%) in 0.25 M sucrose, 10mM Tris-HCl, and 
1.5 mM EDTA (pH 7.4). The supernatant fraction 
obtained after centrifugation at 9,000 g at 4” for 20 min was 
further separated by centrifugation at 105,OOOg for 45 min. 
The 105,000 g pellet was resuspended in sucrose-Tris sol- 
ution and 25 mg equivalent wet weight of liver was incu- 
bated for 1 hr at 37” in the presence or absence of 2.25 mM 
NADPH. [i4C]Methoxychlor in ethanol was added at a 
concentration of 50 ppm (0.14 mM) in a final volume of 
2 ml of 100 mM phosphate buffer (pH 7.4). The reaction 
was stopped by boiling for 5 min, and the precipitated 
proteins were removed by centrifugation. The solution was 
cooled, acidified. and extracted with an equal volume of 
chloroform. The extraction of methoxychlor and the 
mono- and bis-phenols was virtually complete using this 
procedure. The extract was evaporated under nitrogen and 
analyzed by high pressure liquid chromatography (h.p.1.c.) 
or thin-layer chromatography (t.1.c.). 

Methoxychlor was separated from its mono- and bis- 
phenolic metabolites using a Waters Associates model 204 
HPLC with a model 660 solvent gradient programmer and 
a model 440 UV absorbance detector. Chloroform, at a 
flow rate of 1 ml/min, eluted methoxychlor at 3 min and 
the mono-phenol at 5 min from a PPorasil column 
(4.6 mm x 25 cm; Waters Associates, Milford, MA). After 
5 min, elution with 5% methanol in chloroform at a flow 
rate of 1 mlimin was begun. and the bis-phenol eluted with 
a retention time of 14.5 min. Absorbance at 254 nm was 
recorded with a Hewlett-Packard model 3380A digital 
electronic integrator. Fractions of the eluate were collected 
at I-min intervals with a Gilson Medical Electronics fraction 
collector. Radioactivity was determined in ScintiVerse 
(Fisher Chemical Co., Houston, TX) using a Searle Ana- 
lytic Isocap 300 Liquid Scintillation Counter. 

Methoxychlor and its metabolites were also separated 
by t.1.c. on plastic-backed analytical plates (Silica gel 
6OF-254, E. Merck Co., Darmstadt, Germany) in 
chloroform-acetone (9:l). The Rfvalues obtained were 0.8 
for methoxychlor, 0.5 for the mono-phenol, and 0.2 for the 
bis-phenol. Compounds were visualized by their quenching 
under short-wave U.V. light or by spraying the plate with 
0.6% silver nitrate in acetone and exposing it to U.V. light 

for 10 min. Radioactive spots were removed and counted 
in a toluene scintillation fluid. 

Results and discussion 

The abilities of methoxychlor and two of its major metab- 
olities, the mono- and bis-phenolic derivatives, to inhibit 
[3H]estradiol binding to the rat uterine receptor are illus- 
trated in Fig. 1. Purified methoxychlor is relatively inactive 
as an inhibitor of [3H]estradiol binding [4-71. On the other 
hand, the mono- and bis-phenolic metabolites are among 
the most active chlorinated hydrocarbons thus far examined 
for this property. The relative affinities of prototype chlor- 
inated hydrocarbons for the estrogen receptor are given in 
Table 1. The bis-phenolic metabolite was approximately 
10 times more potent as an inhibitor of [3H]estradiol binding 
than was l,l,l-trichloro-2-(p-chlorophenyl)-2-(o-chloro- 
phenyl)ethane (o,p’-DDT), and it was about 100 times less 
active than DES. This is similar to the relative affinity of 
the bis-phenolic compound compared with that of estradiol 
itself reported by Bulger et al. [5-7). The affinity of the 
mono-phenolic metabolite for the receptor has not been 
reported previously. The mono- and bis-phenolic metab- 
olites were probably interacting with the [3H]estradiol bind- 
ing site in a manner similar to that of DES since neither 
metabolite added significantly to a maximally effective level 
of DES (data not shown). 
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Fig. 1. Inhibition of [3H]estradiol binding to rat uterine 
supernatant protein. The potential antagonists were added 
at the concentrations shown. The amount of [3H]estradiol 
bound was calculated after a I-hr incubation at 4”. 
DES = diethylstilbestrol. Bis and mono = the bis- and 
mono-phenolic metabolites of methoxychlor. Mean values 
* S.E. for three to five separate determinations are 

shown. 

Table 1. Relative affinities of methoxychlor metabolites for 
the rat uterine estrogen receptor in vitro 

Compound 
Lo* 

ppm ILM 

Mono-phenol 0.2 0.6 
Bis-phenol 0.08 0.2 
DES 0.0007 0.002 
o,p’-DDTt 0.6 2.0 

* 150 = concentration required to produce 50 per cent 
inhibition of [aH]estradiol binding to rat uterine super- 
natant protein in vitro. 

t ISO value from Ref. 4. Other values were obtained from 
Fig. 1. 
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In an attempt to determine which, if either, of the meth- 
oxychlor metabolites might account for the activation of 
methoxychlor observed upon incubating with rat liver 
microsomes in the presence of NADPH [Q], the products 
of in vitro incubations were measured as illustrated in Fig. 
2. Quantitation of metabolites was achieved by measure- 
ment of the fractions when [i4C]methoxychior was used in 
the in~bation. The mono- and bis-phenoIic metabohtes 
found were 2.6 and 0.4 per cent respectively, of the parent 
drug (three separate experiments, each determined by 
h.p.1.c. and t.1.c.). These amounts can adequately explain 
the activation of methoxychlor observed earlier. That is, 
following incubation of rat liver microsomes with meth- 
oxvchlor (50 nom). the oercent inhibition of 13Hlestradiol 
b&ding afte; a j-fold diultion in the binding assay was 
approximately 50 per cent (Table 1 of Ref. 9). The amount 
of mono-phenolic metabolite formed, therefore, is 
adequate to explain the activation, i.e. it is present at its 
19 concentration in the binding assay under these in uitro 
incubation conditions. When fractions of the h.p.1.c. sep- 
aration were collected and evaluated for abilities to inhibit 
[3H]estradiol binding in the in uitro assay, similar results 
were obtained, i.e. formation of the mono-phenohc deriva- 
tive was adequate to explain the activation. 

In summary, these results confirm earlier speculations 
from this laboratory [B, Q] that metabolites of methoxychlor 
might account for its estrogenic activity in uivo. The reiative 
importance of the mono- and bis-phenohc derivatives in 
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Fig. 2. Separation of methoxychlor from two of its major 
metabolites following incubation with rat liver microsomes 
in vitro. Metabofites were measured in chloroform extracts 
of the microsomal incubation mixture as described in the 
text. Me~oxychlor and its two major metabohtes were 
measured by integration of the peak areas and by radio- 

activity in collected fractions. 

the intact animal in this regard is uncertain. Thus, when 
considering estrogenic activity alone, methoxychlor serves 
as another example of a drug for which metabolism leads 
to a more active agent. On the other hand and as illustrated 
by Kapoor et al. [lo], metabolism to phenolic metabolites, 
which are more water soluble and readily excreted, serves 
as a more rapid means to eliminate the drug from biological 
systems. 
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