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SUMMARY 

Radioactive 2-OHE, 2-Me* and 4-OHEi 4-Me was orally administered to one healthy male subject. 
The total radioactivity excreted within 5 days was 80 and 90x, respectively. About 0.5% and 2.77, 
of the urinary radioactivity consisted of free steroids. They were identified as 2-OHEi (0.2%) and 
2-OHE2 (0.1%) and 4-OHE, (0.8%) and 4-OHEz (0.7%) respectively. The remainmg conjugate fraction 
consisted of steroid-sulphates and steroid-glucuronides. The steroid moieties, released by acid-hydroly- 
sis, were identified as 2-OHE, (27.9x), 2-OHE, (3.4%) 2-OHE, 2-Me (25.2x), 2-OHE, 3-Me (1.2%). 
2-OHE, 2-Me (2.8%) and 2-OHE, 2-Me (0.3%) and 4-OHEi (13.6%). 4-OHE, (4.2%). 4-OHE, 4-Me 
(43.O”/d) and 4-OHE2 4-Me (4.0%). respectively. Ring-A polyhydroxylated compounds were not detected 
in the urine. 

INTRODUCTION 

It is well established now that the 2-hydroxyoes- 
trogens are the main products of the metabolism of 

oestradiol and oestrone in mammals [l-3]. Recently 
the isomeric catecholoestrogens, i.e. the 4-hydroxyoes- 
trogens, were also detected as metabolites in uiuo and 
in vitro [4,5]. However, from the quantitative point 
of view. the 4-hydroxyoestrogens were found to be 
of minor Importance [4,5]. A great number of in Gtro 

and in uiuo experiments have demonstrated that the 
2- as well as the 4-hydroxyoestrogens undergo further 
metabolism [3* 3.6,7]. One of the most important in 

txtro reactions is the attack of the catechol O-methyl- 
transferase leading to the formation of mainly 

* The following abbreviations and trivial names are used 
in this paper: I-OHE, = 2-hydroxyoestrone = 2.3-dihy- 
droxv-I .3.5(10!-oestratrien-17-one: 2-OHE, = 2-hvdroxy- 
oestradiol = 1.3,5(10)-oestratriene-2.3,17b-iriol; 4-OHE, 
= J-hydroxyoestrone = 3.4-dihydroxy-1,3,5(lOFoestra- 
trien- 1 ‘i-one; 4-OHEZ = 4-hydroxyoestradiol = 
1.3,5(10)-oestratriene-3,4,17/Gtriol; 2-OHE, 2-Me = 2-hyd- 
roxyoestrone ?-methyl ether = 2,3-dihydroxy-1,3,5(10)-oes- 
tratrten-17-one 2-methyl ether: 2-OHE1 3-Me = Z-hydrox- 
yoestrone 3-methyl ether = 2,3-dihydroxy-1,3.5(10)-oestra- 
trien- 17-one 3-methyl ether; 2-OHEz 2-Me = 2-hydrox- 
yoestradiol ?-methyl ether = 1.3.5(lOtoestratriene-2,3,17/?- 
trio1 2-methyl ether; 2-OHE, 2-Me = 2-hydroxyoestriol 
2-methyl ether = 1.3,5(1O>oestratriene-2.3.16a. 17/I-tetrol 
2-methyl ether; 4-OHE, 4-Me = 4-hydroxyoestrone 
4-methyl ether = 3,4-dihydroxy-1.3.5(10)-oestratrien-17- 
one 4-methyl ether: 4-OHE, 4-Me = Chydroxyoestradiol 
4-methyl ether = 1,3,5(10)-oestratriene-3,4,17fl-trio1 4 
methyl ether; 2.4-(OH)2E, 2-Me = 2,4_dihydroxyoestrone 
2-methvl ether = 2,3,4-trihydroxy-1.3.5(10)-oestratrien-17- 
one 2-methyl ether; 2,4-(dH),E, 3-Me = 2,4-dihydrox- 
voestrone 3-methvl ether = 2.3.4trihvdroxy-1.3,5(10)-oes- 
tratrien-17-one i-methyl ether; 2.4(OH);E, 4-Me = 
2.4-dihydroxyoestrone 4-methyl ether = 2,3.4-trihydroxy- 
1,3,5(10)-oestratrien-17-one 4-methyl ether. 

2-monomethyl ethers in the case of 2-hydroxyoes- 
trogens and almost exclusively 4-monomethyl ethers 
in the case of 4-hydroxyoestrogens. Nevertheless, 
2-monomethyl ethers are in uivo of minor quantitative 
importance. This may be deduced from the data avail- 
able on the urinary excretion of endogenous 2-meth- 

oxyoestrogens [8,9], as well as from the data on the 
urinary excretion of radioactive Lmethoxyoestrogens 
biosynthesized from exogenous precursors [3, lo]. 
4-Monomethyl ethers, to the best of our knowledge, 
have not been detected in uiuo. In principal. two 
reasons could account for this: firstly, a rapid further 
metabolism of the 2- and especially the 4-monomethyl 

ethers and/or secondly, an extensive demethylation of 
the monomethyl ethers, i.e. a reversal of the last step 
of their biogenesis. Both possibilities have been shown 
to be valid in vitro. Stubenrauch et al.[l l] reported 

on the formation of pyrogallol oestrogens and 
Hoppen et al.[12] demonstrated that monomethyl 
ethers may be demethylated. 

EXPERIMENTAL 

[4-i4C]2-OHE, 2-Me and [4-‘4C]4-OHE1 4-Me 
were obtained by oxidation of oestrone (specific 
radioactivity 58 Ci/mol) with Fremy’s salt [13] and 
subsequent enzymatic methylation of the reaction 
products with a catechol 0-methyltransferase prep- 
aration from rat liver using S-adenosyl methionine 
[7]. Both the 2- and 4-monomethyl ethers were puri- 
fied on formamide impregnated papers in the cyclo- 
hexane system. 

Detailed information on non-radioactive steroids 
and chemicals, buffers and solutions is given l.c. [?I. 

The subject, a 45 year old man (79 kg), received 
orally 10 &i (0.34nmol) 2-OHE, 2-Me and 10&i 
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(0.17 nmol) 3-OHE, A-Me dlssolvcd in 20 ml water, 
ethanol 3:l 7 months apart. Drugs were withheld 
from the subject for at least IO days prior to and 
throughout the experiments. The gastro-Intestinal as 
well as hver and kidney function wert: normal. 

RadioactIvIty accumulatmg III the blood was 
measured at I5 mm intervals for 90 mm startmg Im- 
mediately after ingestion of the steroid. Urine was 
collected III portions. Aliquots wcrc monitored for 
radloactlvltl 

50”,, Of each portlon of urme was extracted three 

times with 1.5 times the urine volume of ether<hloro- 
form 3:l (v/v). To the extracts (free steroid fraction) 

3Opg amounts of 2-OHE,. 3-OHE,. 2.4-(OH),E, 
?-Me and 2.4-(OH),E, ?-Me or 4-OHE,, 4-OHE2. 

2.4-(OH),E, 4-Me and 2.4-(OH)2E, 4-Me were 
added. Ascorbic acid solution was added and the sol- 
vent evaporated. 

W’,, Of the aqueous phase (conjugate fraction) of 
each urinary portion was purified on XAD-1 columns 
and subjected to high-voltage paper electrophoresis 
(for details see [?I). 

X0”,, Of the aqueous phase (conjugate fraction) was 
treated with acid (for details cf. [?I) and then handled 
exactly as described for the free steroid fraction. 

Chromatography of the residues was performed on 

formamlde+ascorbic acid impregnated papers m the 
chlorobenzene or chlorobenzene-ethyl acetate 3 : I 
system (PC I), followed by chloroform-ethyl acetate 
5:l (PC II) or chloroform (PC III) or cyclohexanee 
ethyl acetate 3:l (PC IV) or cyclohexane (PC V). 

For the measurement of radioactivity in solutions 
an Intertechnique liquid scmtillation spectrometer, 
Model SL 36. was used. For aqueous solutions Insta- 
Gel. and for organic solutions a scintillation fluid 

containing 3 g of 2.5-diphenyl oxazole and 0.3 g of 
1.4-bis-2-(5-phenylonazolyl) benzene m I I of toluene 
were used. Radioactive blood samples were burned 
(Packard Tricarb Sample Oxidizer) prior to liquid 
scintillation counting in a solution of 3 ml ethanol- 
amine, Y ml methanol, and 7 ml scintillation fluld used 
for orgamc solutions. Radioactivlty on paper chroma- 
tograms was measured with a Berthold paper strip 
scanner equipped with ;I dual ratemeter. 

RESL’LTS 

On oral administration of 10 &i (53 pg) 4-OHE, 
4-Me plasma radioactivity began to rise 5 min after 
ingestion and continued to rise for 90mm (Fig. 1). 

After administration of 3-OHE, Z-Me (“Z-Me ex- 
periment”) as well as 4-OHE, 4-Me (“4-Me experi- 
ment”) the total urinary excretion of radioactivity was 
about 80 and 909;. respectively (cf. Table 1 and 2). 
In the “4-Me experiment” more radloactivity was 
observed in the second urinary portion (6-12 h) which 
accounted for the 10:; greater overall excretion. In 
the following portions (13-130 h) the rates of excre- 
tion of the radioactivity were very similar in both 
experiments 

About 0.5”, (“2-M c c\pcrlment”) and 2 7”,, t”-l-IMc 
experiment”). (Table 3) of the urmar~ radloacti\lt\ 
could be extracted with ether-chloroform 3: I (II~o- 
philic = free steroid fraction). The free steroids WCI-c 

characterized by multiple paper chromatography (l01 
details see Expertmental) and identified by micro- 
chemical reactlons and recrystallization to constant 
specific radioactivity. In the free steroid fraction, 111 

both experiments. no monomethyl ethers were found. 
Only catecholoestrogens, in the “Z-Me rxperimcnt” 
3-OHE 1 (O.?,,) and 7-OHE? (0. I ‘I,,) and In the “J-MU 
experiment” 4-OHE, (0.X”,,) and GOHE (0.7”,,). 

could be identified with czrtamt!. They wcrc found 
only from the twelfth hour on, 1.e. m the urinary por- 

tlons 3. 4 and 5 (6) 
The radioactivity remaming m the aqueous phase 

was purified on XAD-3 columns and then separated 

by high-voltage paper electrophoresis into essentiallq 
two radioactive zones corresponding in mobility to 
steroid-sulphates and steroid-glucuronldes. As may be 
seen from Table 4 in the “?-Me experiment” more 
glucuronides than sulphates were found whereas III 

the “4-Me experiment” the reverse was true. Sterold- 
thioethers were not detected. 

Following acid-hydrolysis of the conjugates of the 
different urinary portions X&90”,, of the steroid mole- 

ties were released (Table 3). Subsequently the steroids 
were characterized by multiple paper chroma- 
tography and ldentlficd as described for the free 
steroid fraction. After IngestIon of 1-OHE, Z-Me: 
LOHE,. 2-OHE,. LOHE, ‘-MC. LOHE, 3-Me, 
2-OHE, 2-Me and 2-OHE, ?-Me. and after ingcstlon 
of 4-OHE, l-Me: 4-OHE,. -I-OHE2. +OHE, &Me 
and 4-OHE, 4-Me were found as urmary mctabohtcs. 
Ring-A polyhydroxylated compounds as 2,4(OH)?E, 
2-Me. 3-Me and 4-Me were not detected in the urmes. 

at least not in amounts exceeding O.Yn of the mgcsted 
radioactivity. 
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Fig. 1. Plasma radioactivity after oral admmlstratlon of 
[4-‘4C]4-OHE, &Me. 
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Table 1. Excretion of radioactivity m the urine after oral admmistration of radioactrve 
2-OHE, 2-Me to man: percentages grven refer to ingested radioactivrty 

Urinary 
portion 

Hours after 
adminstr. 

Radioactivrty excreted 

in portion in 24h accumulated 

1 &6 27.8 27.8 
3 
; 13224 6612 14.3 18.1 

42.1 
60.3 60 3 

4 24-45 13.2 13.2 73.5 
5 48-72 5.7 4.0 77.5 

72296 1.7 79.2 
6 96-l 20 0.5 0.5 79.7 

Table 2. Excretion of radioactivity m the urine after oral administration of radioactive 
4-OHE, 4-Me to man: percentages given refer to ingested radioactrvrty 

Urinary 
portion 

Hours after 
admmstr. 

Radioactivity excreted 

in portion in 24h accumulated 

1 &6 29.5 29.5 
2 612 22.1 51.6 
3 12224 20.0 71.1 71.1 
4 2448 12.5 12.5 83 6 

5 
48-72 

4.5 
3.4 86.9 

72-96 1.1 88.1 

Table 3. Distribution of radioactivity on the hpophilic and water-soluble frac- 
tions after oral administratron of 4-OHEr 4-Me to man; percentages given 

refer to ingested radioactivity 

Urinary Lipophilic 
portion fraction 

1 0.95 
2 0.32 
3 0.65 
4 0.52 
5 0.28 

Water-soluble fraction 

total acid-hydrolizable 

28.5 27.1 
21 8 19.8 
19.4 15.5 
12.0 10.1 
4.2 3.1 

Table 4. Distrrbution of radioactivity on the different conjugate fractrons after administration of 
2-OHE, 2-Me and 4-OHE, 4-Me, respectively, to man; percentages given refer to relative radioactrvrty 

within the respective urinary portion, percentages m brackets refer to ingested radroactrvity 

Substrate 
administered 

Urinary 
portion Sulphates 

Conjugates 

Glucuromdes Throethers Total 

2-OHE, 2-Me G9h 12 (4.4) 75 (27) <Ol 97 (35) 
2-OHE, 2-Me 948 h 20 (7.3) 65 (24) <O.l 98 (36) 

4-OHE, 4-Me &6h 82 (24) 15 (4.3) <O.l 96 (27) 
4-OHE, 4-Me 612h 79(17) 17 (3 7) 10.1 99 (22) 
4-OHEr 4-Me 12-24 h 35 (6.8) 60(12) 101 97(19) 



Table 6. Excretion of radloactwe metabohtrs m the urmr after oral admlnlstratlon 
of 3-OHE, J-Me to man: percentages gven refer to Ingcstcd radloactlvlt>. pcrccntagcs 

m brackets refer to relative radloactlvlty wthln the respective urmary porttons 

Mrtaholltcs found 

Urinary -I-OHE, I-OHE, 
portlon J-OHE, J-OHE, J-Me J-Me 

0 6 I1 I7(5.7) 0.15(0 5) 21.8 (71) I 9 (h.-Il 
6 1111 72(10) 0.55(2.51 114(56) 12(55) 
I2 24ll 51(27) I84(9.2) hO(30) 0.6 (3 0) 
24--4x I1 13(3-l) I63(13) 2X(21) 0 3 (2.0) 

0 4s I1 I 3 0 4.17 43 0 J 0 

The yuantitattve distribution of the steroids 
released from the water-soluble fraction is given m 
the Tables 4 and 5. In both experiments the following 
trends are seen: 1 The contribution of the ingested 
monomethyl ethers to the excreted radioactivity 

steadily decreases and that of the corresponding cate- 
choloestrogens steadily mcreases. 7. The ratio of C- I7 
OYO to C-l 7 hydroxy compounds remams approxi- 

mately the same. This IS true for the monomethyl 
ethers as well as for the correspondmg catecholoes- 

trogens. 
The only isomeric monomethyl ether found was the 

3-monomethyl ether of 2-OHE, after ingestion of 
2-OHE, Z-Me. Its relative contribution to the differ- 
ent urinary portions uas a function of the amount 
of catecholoestrogen mtermediarb formed. The tinal 
(urmary portion 4&120 h) ratio of the 2- to the 
3-monomethyl ether \vas approx. 6:l. In the “l-Me 
experiment” no ?-monometh)l ether of +OHE, has 
detected. this was not surprismg as It IS well known 
from 111 tlitro experiments with the catrchol O-methyl- 
transferase from human liver [7] that the ratio of 
4 to 3-methylation IS about Y5:l. 

DISCL SSION 

In the present paper It 1s unambiguously demon- 
strated that radioactive 2-methoxyoestrone and 

* After I m uljrctlon 01 2-OHE, Z-Me (5 mg m 0 5 ml 
of propylene glycole) I3 and l5”,, of the mjcctcd dose was 
excreted as 2-OHE, nlthm 5 daqs: after dlrcct I m tnjec- 
tion of 2-OHE, (20 and I2 mg m 0 5 ml of propylene gly- 
Cole) I7 and 21” 
LOHE,. ” 

of the Injected dose was excreted as 

4methoxyoestrono when admmisterrd to man 111 1311 o 
are cxtcnsivcly metabolized. The e\crction of glucu- 

romdatcd and sulphated 2-OHE,. 2-OHE,. 2-OHE, 
J-Me. 2-0HE2 ?-MC. 2-OHE, Z-Me (“Z-Me cxperi- 
merit”) and I-OHE,. 4OHE:. I-OHE, 3-Mc (“4Mc 
eaperiment”) m the urtnc indicate> that the catrchol- 
oestrogen monomethyl ethers undergo well known 
metabolic reactions. IX. conJugation with sulphurlc 
and glucuronic acid. demethylation. osidoreduction 
at C-atom I7 and hydrouylation at C-atom 16. It 
should be mentioned that 111 spite of careful search. 
no pyrogalloloestrogens could be detected in either 
eaperiment. although 2.4(OH),E, I-Me has been 
identified as mam metabolite of 4OHE, J-Me m rat 

liver shccs by Stubcnrauch N trL [ I I] 
Bcsides conJugatlon and I7fi-oxidoreduction quan- 

tltatively the most significant metabolic reaction con- 
sisted In the 0-demethylation of the orally admmis- 
tcrcd monomcthyl cthcrs. IX. a reversal of the bm- 
gcnctic pathway. Thts presumably mdicatcs that the 
tnethylation of phcnolic hydroxy groups leads to ;I 

deadlock. the onl) wal out of which IS demethylatlon 
These findings are III accordance with our 111 U~IYJ 

experiments on the metabolism of catecholoestrogcn 
monomethyl ethers m the liver of the rat [I?] and 

recent 111 IY~O studlcs on the mctabollsm of 2-metho\!- 
oestronc mjectcd 1.m. to 2 fcmsle suh)ccts* (Ball and 

Knuppen. to he pubhshed) In both cascb c\tens;l\c 
0-demethylation was demonstrated and high 
amounts of catecholoestrogcns were isolated. In the 
present investigation the 0-demeth)lation of 2-mcth- 
ovyoestrone m man UI I’IIII IS established by the Iden- 
tlficatlon of radIoactive 2-OHE, 3-Mc since this I~O- 
mcric monomcthyl cthcr can arise only by 0-methyla- 
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tion of the catechol 2-OHE1. To the contrary, Yoshi- 
zawa and Fishman[14] reported that after intra- 
venous administration of radioactive 2-OHE, 2-Me 

and its isomer, 2-OHE, 3-Me, to human subjects 
neither the 2- nor the 3-inonomethyl ether were 
0-demethylated to any significant extent. 

It seems noteworthy that the metabolic behaviour 
of both the monomethyl ethers administered 1s some- 
what different with regard to the rate of excretion 

and the rate of 0-demethylation. In the experiment 
with 2-methoxyoestrone 79.2% of the orally adminis- 
tered radioactivity was excreted within 96 h, a result 
which is in good accordance to the 76.7% recovery 
of Yoshizawa and Fishman[14], although these 

authors administered the radioactivity intravenously. 
When 4-methoxyoestrone was given SS.l’/, of the dose 

was excreted during the same period. This difference 
mainly resulted from the larger content of radioac- 

tivity in the urine portion collected 6-12 h post ad- 
ministration (cf. Table 1 and 2). The difference in 
0-demethylation even exceeded the differences in the 
excretion rates. Within 48 h 28.57,; of the radioactive 
2-methoxyoestrone administered was excreted as 

2_hydroxyoestrogens, 24.50/, of the dose was recovered 
unchanged. In the experiment with 4-methoxyoes- 
trone only about 18% of the dose was excreted as 
4-hydroxyoestrogens. 43% Of the ‘LOHE, 4-Me was 
recovered unchanged, the bulk of it being excreted 
within the first 12 h. These results seem to be signifi- 
cant since the same subject was involved in both 

studies. 
It is difficult to evaluate whether the more rapid 

excretion of radioactivity within the first hours in the 
“4-Me experiment” and the higher rate of demethyla- 
tion in the “2-Me experiment” are due to a different 
pattern or a different rate of conjugation. Although 
in the “4-Me experiment” much more sulphated than 
glucuronidated material was excreted and the reverse 
was true in the “2-Me experiment” (Table 4) it seems 
more likely that a different rate of conjugation is re- 
sponsible for both observations. Although the time 
course of the ratio of free and conjugated metabolites 

in blood plasma was not measured it may be con- 
cluded that the 4-monomethyl ether of 4-OHE, is 
a better substrate for glucuronyl and especially sul- 
pho-transferases than the 2-monomethyl ether of 
2-OHE,. This latter finding is in good accordance 
with our in uitro experiments demonstrating that 

2-hydroxylated oestrogens are predominantly conju- 

gated at C-atom 2. Only when conjugation of C-atom 
2 is hindered by other substituents-as e.g. a methyl 

groupis conjugation at C-atom 3 possible but then 

only to a limited extentc2.31. 
The most important result presented in this paper 

is the fact that 2- and 4-methoxyoestrogens, orally 
administered to human subjects, are converted slowly 
but to a high extent to their corresponding catechol- 

oestrogens. As these catecholoestrogens are excreted 
continuously in the urine the concentration of the 
catecholoestrogens in the body is maintained for a 
long time at a relatively high level. This will probably 
facilitate forthcoming investigations on the effect of 
catecholoestrogens in the human. 1.m. or i.v. injec- 

tions of laboriously sterilized solutions of the highly 
unstable catecholoestrogens may be replaced by the 
much more convenient oral administration using the 
much more stable monomethyl ethers. 
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