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A note on the chemical determination of 16-e@-oestriol 

In the course of studies on the excretion and metabolism of the four epimeric 
oestriols1>2 two different methods for the chemical assay of I6-efii-oestriol 3 have been 
developed in this laboratory. In Method A the separation of IG-epi-oestriol and oestriol 
is performed by methylating the aqueous fraction containing both these compounds 
followed by gradient elution chromatography of the two methyl ethers on an alumina 
column and calorimetry. Since the methylation technique described by BROWNS for 
oestradiol-178, oestrone and oestriol failed to methylate IG-epi-oestriol quantitatively, 
Method A necessitated the development of a new methylation procedure. In Method B 
the separation of the two oestriols was obtained by converting I6-epi-oestriol into its 
acetonide j, a reaction which is stereoselective for cis-glycols and therefore not under- 
gone by oestriol as a tram-glycol. Following partition of the residues between chloro- 
form and aqueous alkali the acetonide of I6-efii-oestriol is completely separated with 
the organic layer whereas oestriol as a strong phenol remains in the alkali phase. 
The oestriol fraction is methylated, chromatographed on alumina and calorimetrically 
assayed by means of the Kober reaction, whereas I6-epi-oestriol is chromatographed 
immediately as the acetonide followed by calorimetry. Both these methods may be 
incorporated into the BROWN 4 procedure thus making possible the routine determina- 
tion of Ib-epi-oestriol, oestriol, oestrone and oestradiol-I7@ from the same sample 
of urine. 

EXPERIMENTAL 

The steroid-containing residue is dissolved in 0.5 ml of etha.nol, taken up with 
25 ml of benzene/petroleum ether (I : I) and extracted with water (4 x 12.5 ml): 
r6-epi-oestriol/oestriol fraction (I). By this treatment 95.9% of IG-epi-oestriol [K = 
0.41) B and g9.g70,& of oestriol (K = 0.075) 7 should pass into the aqueous layer. The 
addition of another 25 ml of benzene/petroleum ether to the organic layer is followed 
by extraction with 0.4 N sodium hydroxide (2 x 25 ml) : oestrone/oestradiol fraction 
(II). Both fractions are made up to N sodium hydroxide and boiled under reflux for 
30 min. After cooling the extracts are partly neutralized89 B with carbon dioxide to 
PH 9.3-9.5. Fraction (I) is extracted twice with ether (25 ml), the ether extract 
washed with water (5 ml) and taken to dryness. Fraction (II) is extracted with benzene 
(25 ml) and treated exa.ctly as described by BROWNS and BROWN et aLlo up to color- 
imetry of oestrone and oestradiol--r7/3 as their methyl ethers (Table I). 

Method A 

Determination of I6-epi-oestriol as the methyl ether. The ether residue of (I) is dis- 
solved in anhydrous acetone (IO ml). Ethylene glycol* saturated with potassium 
carbonate (0.5 ml) and methyl iodide (I ml) are added and the mixture is boiled under 
reflux (30 min). After cooling, acetone, ethylene glycol-potassium carbonate and 
methyl iodide are added in amounts as above. After refluxing again for 30 min, ace- 
tone and methyl iodide are evaporated in vacua at 30-40~ in a stream of nitrogen. 
The residue is dissolved in N sodium hydroxide (50 ml), shaken with hydrogen 
peroxide (2.5 ml of 30%) and extracted with benzene (25 ml). After washing with 

* The author is indebted to Dr. F. L. MITCHELL, Maryfield Hospital, Dundee, for suggesting 
the addition of ethylene glycol. 
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TABLE I 

OPTIMUM REACTION CONDITIONS AND KHSULTS OF THE MODIFIED KOBFCR COLOCR REACTION 

j-methoxy- 
oestronc 2.1 O(, (, 4x2 5 10 55(J 0.7L’) + 0.012 (Ill I(100 

~~-methox?_-oc~stra- 
diol- r 7p 2.8 .j 5 IO .(xli ,j L 2 5.5’) o..jQ i. O.(jO.< (01 I.30” 

.s-methoxy-oestriol 2. I 7” ’ -1 478 i 1 7 .j.j(’ O.,j10 i Cl.000 (0) l2jO 

3.methoxy-rb-+i- 
oestriol 2.4 h0 5 478 5’7 59 0.0x0 _i o.oorj (c)) 15.30 

r h-epi-oestriol- 
acetonide 2.4 66 5 471 5’4 556 O._j.jg i 0.000 (8) IIqO 

The Sober reagents were prepared by dissolving z”/b w/v of quinol (pzcriss., Merck, Darm- 
stadt) in aqueous solutions of H,SO, (d = r.84), p. a. Merck). - Colour development: (I) addition 
of the appropriate colour reagent to the tubes containing the dr!- residues of the column fractions 
and 4 mg quinol, (2) heating of the mixtures on a boiling water bath for zo min and shaking 
of the tubes after 2 and 5 min of heating, (3) cooling of the tubes in a bath of ice water (5 min), 
(4) addition of water to make up the reaction mixtures to a final volume of 3.1 ml, (,5) shaking 
and reheating of the tubes (see table). Extinction coefficients (log /“/I) were measured in a 
Beckman spectrophotometer L)U against similarly treated reagent blanks using IO mm glass ceils. 
E,,,, -- 1 E, (E, 1 E3). For more details of the colour reaction, see ref. II 

water (Z x 5 ml) the benzene residue is transferred to an alumina column (IO .*: .+5 
mm; approx. 5 g Al,O, Merck, Darmstadt, deactivated by adding 14”~~ (v/w) of 
water) with benzene (5 ml). The donor vessel (25 mm int. diameter) of the gradient 
apparatus is filled with 3% ethanol-benzene (55 ml). The recipient vessel (25 mm int. 
diameter) containing benzene (55 ml) is connected to the donor by a capillary siphon 
and fitted with a stirrer. The percolation rate is adjusted to approx. 15 ml/h. oh-e@‘- 

oestriol methyl ether is eluted in the 25-36 ml portion, and oestriol methyl ether in 
the 39-60 ml portion of effluent (Fig. I). The column fractions are evaporated and 
calorimetrically assayed by the modified Kober reaction described in Table 1. 

Method B 

Determination of Ih-epi-oestriol as the acetonide. The ether residue of (I) is dis- 
solved in anhydrous acetone (IO ml) containing I’:;, (W/T-) anhydrous hydrochloric acid 
and shaken for 30 min at room temperature. The acid is neutralized with LV sodium 
hydroxide (2.74 ml) and acetone is evaporated in 7ucu0 at 30-40’ in a stream of 
nitrogen. The residue is partitioned between 0.4 N sodium hydroxide (25 ml) and 
chloroform (25 ml). The aqueous layer is reextracted twice with chloroform (~5 ml). 
After this treatment 97.794 of r6-e$i-oestriol acetonide (K =- 2.54) is recovered in the 
organic phase, whereas oestriol (I< :: 0.01) I3 is left in the aqueous alkali phase. The 
combined chloroform extracts (cis-glycol fraction) are washed with water (2 x 5 ml) 
and evaporated to dryness. The residue is transferred to a column (IO mm int. diam- 
eter) containing z g of alumina (Merck, Darmstadt, exposed to an atmosphere 
saturated with water vapour at room temperature for 2 weeks) with benzene (5 ml). 
A prewash of 0.8% (v/v) ethan.?l/benzene (12 ml) is discarded. The acetonide is eluted 
with 3% (v/v) ethanol/benzene (25 ml) (Fig. 2) and the dry residue is calorimetrically 
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i’ig. L. Separation of the methyl ethers of I f)-rpi-oestnol and oestriol l)\, gradient clution chroma- 
tographv on alumina. The qradient \vas calculated according to 

C, L 3% (v/v) ethanol-benzene, 1., = jg ml (benzene), K, = 0.250 ml/min, H, = 0.125 ml/min 
a = 440, b = -I (cf. ref. ‘2). 

I:ig. 2. .\bsorption chromatography o! I h-epi-oestriol-acetonide on alumina. 

,L:+saycd with the I6-efu’-oestriol colour reagent (Table I). The 0.4 N sodium hydroxide 
layer (trans-glycol fraction) is adjusted to pH 9.3-9.5 by dissolving carbon dioxide, 
extracted with ether and methylated as described in Metlzod A. The methylated 
fraction is chromaiographed on alumina according to BROWNS and oestriol methyl 
ether is assayed by the modified Kober reaction (Table I). 
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RESULTS 

In some recovery experiments the accuracy of both these methods has been 
checked. Pure crystalline 16epi-oestriol when added to 15% (v/v) aqueous hydro- 
chloric acid in IO ,ug amounts was recovered by Method A combined with the extrnc- 
tion procedure of BROWN 4 with an average of 7S”$ (5 Expts.). When using Metlaod B 
under these conditions the overall recovery was 7601; (4 Expts.). 

Application of both methods to human urine is in progress and will be published 
in full detail elsewhere. 

This work was done as part of a research programme supported by a grant of 
the Government of Nordrhein-Westfalen to Prof. J. M. BAYER, Chirurgische Universi- 
tatsklinik, Bonn. The author is indebted to Prof. W. KLYNE, Chemistry Department, 
Westfield College, London, for the methyl ethers of oestradiol-I7/?, oestrone and 
oestriol, to Dr. F. L. MITCHELL, Department of Biochemistry, Maryfield Hospital, 
Dundee, for r6-epi-oestriol, and to J. UFER, Abteilung Klinische Forschung, Schering 
A.G., Berlin, for r6-epi-oestriol methyl ether. 
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