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Abstract--In order to assess the significance of the catechol pathway for the carcinogenic actlvlty of 
dlethylstilbestrol (DES), the stability of 3',5',Y',5"-tetrafluoro-DES (TF-DES) against metabolic cat- 
echol formation was examined m vttro A radloenzymatlc assay was used for determining the estrogcn 
hydroxylase activity of liver and kidney mlcrosomes from male and female Syrian golden hamsters and 
from male Wlstar rats for the substrates TF-DES, DES, estradlol-17/3 and 2-fluoro-estrad~ol-17fl With 
all mlcrosomes tested, catechols were formed from TF-DES to an extent similar to or, in some cases, 
even exceeding that observed with DES and the steroidal estrogens The estrogen hydroxylase activity 
measured for the various mlcrosomes depended on the species, organ and substrate Analysis by high 
performance hquid chromatography showed that four products were formed m the radioenzymat~c assay 
with DES and TF-DES These data demonstrate that the fluorine substitution present in TF-DES does 
not prevent catechol formation and imply that the catechol pathway must be taken into account as a 
putative pathway for the metabolic activation of DES 

Whereas  the carcinogenic potent ial  of the synthetic 
estrogen, dlethylstilbestrol (DES)§ has been well 
documented  [2], the mechanism of DES tumori- 
genesis remains unknown Recent  evidence suggests 
that nonhormona l  events  are involved [3], and meta-  
bolic activation is thought  to play an important  role 
[4] However ,  it is unclear which of several oxidative 
pathways known to be operat ive m D E S  metabol ism 
is critical for the carcinogenic activity. At  present,  
the two most likely candidates are peroxldat ive oxi- 
dation of D E S  to Z,Z-dlenes t ro l  ( Z , Z - D I E S )  and 
aromatic hydroxylat ion to the catechol 3 '-hydroxy- 
DES (Fig 1) 

In an at tempt  to evaluate  the importance of cat- 
echol format ion for D E S  carcinogenic activity, a 
fluorinated analogue of DES,  3 ' ,3",5 ' ,5"-tetrafluoro- 
DES (TF-DES)  was synthesized [5]. The fluorine 
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§ Abbreviations COMT, catechol-O-methyltransferase, 

DES, dlethylstllbestrol, 3,4-bls-(p-hydroxyphenyl)hex-3- 
ene, TF-DES, Y,5',Y',5"-tetrafluorodiethylstllbestrol, 
DIES. dlenestrol, 3,4-bls-(p-hydroxyphenyl)hexa-2,4- 
dlene, E and Z are configurational descriptors, the 
nomenclature of DES metabohtes follows the recom- 
mendation of Metzler and McLachlan [1], E2, estradIol- 
17/3; ESH, estrogen hydroxylase, 2-F-E2, 2-fluoro-estra- 
dlol-17/], HPLC, high pressure liquid chromatography, 
NADPH, reduced mcotlnamide dmucleotlde phosphate, 
SAM, S-adenosyl-L-methlonIne 

substitution ortho to the phenolic hydroxyl groups 
was expected to prevent  catechol formation.  Indeed, 
in an tn v m o  study with unlabelled TF-DES,  the only 
metabohte  detected in rat bile was the product of 
the peroxldat lve pathway, T F - Z , Z - D I E S ,  and no 
evidence for the formation of defluorlnated metab- 
olites was obtained [6]. The fact that T F - D E S  was 
still able to induce tumors in the male hamster kidney 
[7] and to neoplastlcally transform Syrian hamster 
embryo fibroblasts in culture [8] suggested that 
peroxldat lve metabohsm was sufficient for the meta- 
bohc activation of the D E S  molecule to carcinogenic 
intermediates.  However ,  there is an increasing num- 
ber of studies demonstrat ing that fluorine atoms 
bound to aromatic systems can be metabolically 
replaced by hydroxyl groups. In particular, the recent 
findings by LI et al. [9] that fluoro- and bromo- 
substituted estradlol-17/3 is easily dehalogenated by 
hamster liver mlcrosomes has led us to examine the 
stability of T F - D E S  against aromatic hydroxylatlon 
tn v i tro Using mlcrosomes from various tissues and 
a radxoenzymatic assay for the detection of catechols, 
we have found that catechols are formed from TF- 
DES by mlcrosomes from the liver and kidney of 
male rats anJ  of male and female hamsters These 
observations,  together  with marked differences m 
the enzymatic  activity for catechol formation 
between different organs and species, are reported 
in this communicat ion.  
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Fig 1 Two putatwe pathways for the metabohc actwaUon of dmthylstdbestrol (DES) 

MATERIALS AND METHODS 

Chemwals and reagents. S-[methyl-3H]-Adenosyl - 
L-methlonme (spec. radloact 15 C1/mmol) was pur- 
chased from the Radlochemlcal Centre (Amersham, 
U.K.). DES, estradlol-17fl (E2), 3,4-&hydroxy- 
benzoic acid and NADPH were obtained from Sigma 
(Munchen, F .R.G ) TF-DES, which consisted of a 
mixture of 73% Z- and 27% E-isomer, was supphed 
by Dr. J. A McLachlan (National Institute of 
Enwronmental Health Sciences, Research Trmngle 
Park, U.S.A ). 2-Fluoro-estradlol-17[J (2-F-E2) was 
kindly provided by Dr J J L1 (Veterans AdmlnlS- 
tratmn Medical Center, Minneapolis, U S A ) All 
chemicals and solvents used were of analytical grade. 

Animals and housmg Male Wlstar rats (340-380 g 
body wt) and male and female Syrian golden ham- 
sters (125-135 g body wt) were supplied by the Zen- 
trahnstltut fur Versuchstlerzucht (Hannover, 
F R.G.). The animals had access to standard lab 
chow (Altromin R10, Altrogge, Lage/Llppe, 
F R G ) and tap water ad libttum They were kept 
in climatlzed rooms on a 12-hr hght, 12-hr dark cycle 
and acclimated at least 7 days prior to use. 

Preparation of  enzymes Catechol-O-methyl- 
transferase (COMT) was prepared from the liver of 
male Wlstar rats using the method of Axelrod and 
Tomchxck [10] as modified by Nlkodelevlc et al [11] 
The final preparation contained 5 2 mg protem/ml, 
as measured with the BloRad Coomassle Blue 
reagent [12], and was stored m 1 mM phosphate 
buffer pH 7.0 at - 20  ° Its activity was determined 
with 3,4-dlhydroxy-benzolc acid, using essentially 
the assay for estrogen hydroxylase (see below) with- 
out mlcrosomes No decrease of enzyme acnwty was 
noted for 12 months 

Mlcrosomes were prepared from the hvers and 
kidneys of male Wlstar rats and Syrian golden ham- 
sters as recently described [13] The final pellet was 
&ssolved m 150 mM Trls-HC1 buffer pH 7.4 at a 
concentration of 2 mg protem/ml Ahquots of 2 ml 
were qmckly frozen m dry ice/acetone and stored at 
- 70  ° 

Estrogen hydroxylase assay The actlwty of mlcro- 
somal estrogen hydroxylase (ESH) was determined 
by the radloenzymatlc procedure described by Paul 
et al [14] and Purdy et al [15] In our experiments, 

the incubation mixture consisted of 18.8 #1 0 01 M 
Tns-HC1 buffer pH 7.4, 12 5 #1 1 M MgCI2, 12 5 #1 
6 mM ascorblc acid, 6 2 #1 COMT preparation (con- 
talnmg 32#g protein), 150#1 mlcrosomal prep- 
aratlon (containing 300 #g protein), 25 #1 [3H]-SAM 
(5 #C1) and 5 #1 250mM substrate m &methyl- 
sulfoxlde. After pre-mcubatlon with gentle shaking 
at 37 ° for 5 rain, the enzymatic reactaon was started 
by the ad&tlon of 25 #1 18 mM NADPH 100 #1 of 
the incubation mixture were taken just prior to the 
addition of NADPH and another 100 #1 after 10 mm 
They were plpetted Into 1 ml 0 5 M borate buffer 
pH 10.0 to stop the reacuon. These solutions were 
vigorously vortexed for 30 sec after addition of 6 ml 
n-heptane. 10 mm later, 3 ml of the heptane layer 
was transferred into a sclntlllatmn vml containing 
9 ml Qulckszmt 212 (Zmsser Analytic L td ,  U K ) 
and the radioactivity determmed xn a Packard 3390 
Liquid Scxntdlation counter with automauc external 
standar&zation. All incubations were carried out m 
duphcate 

HPL C Analys~s of  methyl ethers. Heptane extracts 
(12 ml) from duphcate experiments were combined, 
evaporated to dryness m vacuo and redlssolved m 
20 #1 ethanol HPLC analysis was carried out on a 
RP-18 column (DuPont, Wdmmgton, U S A ) at 42 ° 
with a flow rate of 1 ml/mln. Solvent A was water/ 
methanol 8:2 (v/v) and solvent B was methanol A 
solvent gradient changmg hnearly from 45 to 100% 
B m 30 mm was used, and the eluate collected m 0 3- 
ml fractions for measurement of rad~oachwty 

RESULTS 

Kmeucs of  mtcrosomal ESH from various nssues 
In order to ensure first-order kinetics for the ESH 
assay, the mlcrosomal preparations from the liver 
and kidney of mate rat and of male and female 
hamster were subjected to kinetic studies using DES 
as substrate. Protein concentrations were vaned 
between 80 and 640#g/ml and substrate con- 
centrations between 5 and 250 #M As an example, 
the data obtained with kidney m~crosomes of male 
rats are shown in Fig 2 W;th all mlcrosomal prep- 
aranons used m th~s study, the producnon of 
catechol, as indicated by the consumption of SAM, 
was linear over a range of 80~,00/~g protein per ml 
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F~g 2 Kinetic studies with male rat kidney microsomes 
and DES Upper chart, hnearity of hydroxylatlon at varying 
mlcrosomal protein concentration (substrate concentraUon 
250/~M) Lower chart: hneanty of hydroxylation at dif- 
ferent substrate concentration (incubations contained 

300/lg mlcrosomal protein) 

This indicates that the compounds are not directly 
methylated but require hydroxylation prior to 
methylation. 

When the heptane-extractable radioactivity of the 
assays with DES and TF-DES and male hamster 
hepatic and renal microsomes were analyzed by 
HPLC, four distinct radioactive peaks were found In 
all cases (e.g. Fig. 3). Thus far, these products were 
not identified due to the lack of reference 
compounds. 

Microsomal ESH activity m rat and hamster liver 
and kidney. A quantitative account of the ESH 
activity for DES, TF-DES, E2 and 2-F-E2 m male 
rat and hamster liver and kidney is given in Fig. 
4. It is obvious that the ESH activity depends on 
substrate, organ, and species. For liver ESH of both 
rat and hamster, E2 and 2-F-E2 are better substrates 
than DES or TF-DES Rat and hamster liver show 
approximately the same activity for DES, but differ 
for TF-DES and Ez. Remarkably, hamster liver 
microsomes are more active than rat liver micro- 
somes for TF-DES. The same species difference is 
observed for kidney microsomes and TF-DES (Fig. 
4, right-hand side). Surprisingly, TF-DES is an even 
better substrate for renal hamster ESH than DES 
and E2 

In a preliminary study, the ESH activity from 
female hamster liver and kidney was determined 
with the same four substrates (data not shown) Liver 
microsomes from female hamsters proved to show 
approximately half the activity of those from male 
hamsters for each substrate. The same was found 
with kidney mlcrosomes for DES, Ez and 2-F-E2; 
however, for TF-DES,  male and female hamster 
renal microsomes showed the same ESH activity. 

DISCUSSION 

and over 10 rain for a substrate concentration ranging 
from 5 to 250/~M 

Product formatton from various estrogens. The 
radioenzymatic assay for catechol formation was per- 
formed with liver and kidney mlcrosomes from male 
rats and male and female hamsters. In addition to 
TF-DES, three other substrates, namely DES, E 2 
and 2-F-E2 were studied. DES was used as a positive 
control for TF-DES,  because the catechol formation 
of DES m this assay has been previously reported 
[16-19] E 2 and 2-F-E2, which are also known to 
yield catechols [9, 19], were included for quantitative 
comparison of the ESH activity of the different 
microsomes. 

In complete incubations, formation of catechols, 
as indicated by a significant amount of heptane- 
extractable radioactivity, was found with all sub- 
stances, including TF-DES, and with all mlcrosomal 
preparations. Prior to the ad&tion of NADPH,  the 
heptane-extractable radloactiwty was as low as m 
control experiments where the estrogens were omit- 
ted For example, in a typical incubation with DES 
and rat hver mlcrosomes, the amount of heptane- 
extractable radioactivity was 18 x 103dpm when 
NADPH was omitted (control value), hut 133 x 103 
m the presence of NADPH.  With other substrates, 
the increase in heptane-extractable radioactivity 
caused by N A D P H  was even more pronounced 

The radiochemlcal assay using microsomes/ 
N A D P H  for hydroxylation and catechol-O-methyl- 
transferase/S - [methyl - 3H]adenosyl- L- methionlne 
for conversion of catechols into radlolabelled methyl 
ethers IS an established method for detecting ortho- 
hydroxylatlon of phenols. Accordingly, this assay is 
commonly employed for measuring the formation 
of catechols from estrogens, which is catalyzed by 
mlcrosomal estrogen hydroxylase (ESH), a cyto- 
chrome P-450 multxsubstrate monooxygenase. For 
example, several laboratories have previously shown 
that the synthetic estrogen dlethylstilbestrol (DES) 
is a substrate of microsomal ESH from rat liver 
[16-18] and from male hamster and rat kidney [19]. 

The aim of the present study was to find out 
whether fluorine substitution of the positions ortho 
to the hydroxyl groups of DES prevents catechol 
formation or not. The results clearly show that 
3',5' ,Y',5"-tetrafluoro-DES (TF-DES) is a substrate 
of mlcrosomal ESH from male and female hamster 
liver and kidney and also from male rat hver and 
kidney m vitro. The reaction requires NADPH,  indi- 
cating that a hydroxylation step is involved and pre- 
cluding that unchanged TF-DES is directly meth- 
ylated by COMT. According to HPLC analysis, four 
major products are formed from TF-DES in the ESH 
assay (Fig. 3). It is tempting to speculate that they 
are derived from the E- and Z-TF-DES by defluor- 
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lnation of the 3 ' -posmon  m one or both aromatic 
rings, leading to 3 ' -hydroxy-5 ' ,Y' ,5"- t r i f luoro-DES 
and 3 ' ,Y'-dlhydroxy-5 ' ,5"-dif luoro-DES, respective- 
ly However ,  whether  a defluorinatlon of T F - D E S  
does indeed occur or whether  fluorine ~s retained in 
the molecule  and shifted to the 2 ' -posmon must 
await structural xdentlficatmn of the products.  There-  
fore, the present  finding can only be considered as 
indirect evidence for the metabol ic  defluorinatlon of 
T F - D E S  by mlcrosomal  E S H  For  fluorinated and 
bromlnated  estradlol-17fl, a recent study has shown 
that catechol  format ion by hamster  hver  mlcrosomes 
is indeed assocmted with dehalogenat lon [9]. 

Independent  of the molecular  mechamsm of cat- 
echol formatmn,  ~t is of interest  to note that fluori- 
nated estrogens are sometimes as good as substrates 
for E S H  or even bet ter  than the parent  estrogens. 
This has recently been demonst ra ted  by L1 et al. [9], 
who showed that total catechol formation by male 
hamster  hepanc m~crosomes was the same for estra- 
diol-17fl (E2) and 2-fluoro-estradlol-17fl (2-F-E2). 
Our  observat ions (Fig 4) are m accordance with this 
finding. T F - D E S  is a markedly bet ter  substrate than 
D E S  for hamster  hepatic E S H  but not  rat hepatic 
ESH.  With kidney mlcrosomes of rat and hamster,  
on the o ther  hand,  the fluorinated derivatives of both 
E2 and D E S  were Invariably bet ter  substrates than 
the parent  compounds  (Fig, 4) 

The  fact that T F - D E S  is a good substrate of mlcro- 
somal E S H  may have lmpllcatmns for its mechantsm 
of carcinogenesis In addmon to peroxldat lve oxi- 
dation, the format ion of a catechol must be taken 
mto considerat ion as a potential  route for metabohc  
activation of T F - D E S  just as for D E S  itself (Fig. 1). 
However ,  it should be emphasized that catechol 
formation of  T F - D E S  has so far only been demon-  
strated with microsomes m wtro, and it is unknown 
at present  whether  this pathway plays a role in the 
m-vivo metabohsm of T F - D E S  In order  to clarify 
this quest ion,  detaflecl studies on the metabolic  fate 
of radmlabel led T F - D E S  in rat and hamster  in v w o  
are presently m progress in our laboratory.  
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