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A NEW METHOD FOR THE DETERMINATION OF

OESTROGENS IN URINE AND ITS APPLICATION

TO A STUDY OF THE OESTROGEN EXCRETION
IN THE MENSTRUAL CYCLE

By ). B. BROWN
From The Chnsical Endocrinology Rescarch Uit (Medscal Research Counal), University of Enburgh

SUMMARY
A comement chemical mathod for estinmating oestriol, sestrone and cestradiol-178 scparatcly m

human unne 1s described  Evidence 1 presented for ats speafiaty and accuracy swhen applicd to the

wrne of men and on-pregnant women The method was applied to a study of ocstrogen excrenion

durng the normal menstrual cycke, and the results obtaned are desenbed
Further research on the biological actions of the oestrogens depends to a considerable
extent on the development of suitable assay niethods. It was for ¢his reason that, 43 years
ago, Dr Bauld and I sce to work, under Prof. Marnan's supervision in Ednburgh, to
devise an accurate chemical method for estimating oestreol, ocstrone and oestradiol-178
in non-pregnancy urine, Becausc of obvious difficultes, 1t was decided after some tune
that st would be wiser for Dr Bauld and myself to work more or less independently
towards the same goal. As a result two very different but cqually sansfactory methods
have been developed. The only major feature common to them both is the new Kober
colour method by which the oestrogens are estmated. This colour method, i which the
reagents are sulphuric acid and quinol, 15 a further development by Dr Bauld of a
method already described [Brown, 1952} and will be published clsewhere by Dr Bauld
[1954]. It 1s relable in the presence of unine extracts and 1s sensitive enough to estimate
ocstrogens in non-pregnancy urine.

This colour method has been the key to many otherwise baffling problems. Earlier
mconsistencies in the behaviour of the ocstrogens and incxplicable losses 1n extraction
procedures were found to be due almost entirely to the madequacy of the colour or
fluorescence methods used at the tume.

METHOD

‘The present unnary ocstrogen method 15 summarized 1n the flow sheet (Fig. 1) and
will be published 1 more detail elsewhere,

Urme 1s hydrolysed by boiling for 1 hr with 15 vol % of concentrated hydrochloric
acd. Rosenmund [1948] and Van Bruggen [1948] have suggested that the partal loss
of oestrogens which 15 said to oceur during acid hydrolysis 1s due to oxidation, and have
added reducing agents to prevent this. The efficacy of this treatment could not be con-
firmed, nor could better hydrolysts conditions be found than those Just described.

The hydrolysed urine is extracted with di-ethyl ether.

The Editors accept yio respousibility for the accounts of the papers read at the Symposum.
Manyseripts are published as recewed from the anthors.



2 J. B. BROWN

The ether soluble acid fraction is then removed from the ether extract. This is usually
performed at this stage by washing the ether extract with sodium bicarbonate solution
oratalater stage by ether extracting aqueous solutions adjusted 1o pH o 10 o § [Coben&
Marrian, 1934; Engel, Slounwhite, Carter & Nathanson, 1950]. At the higher pH the
acid fraction is removed more effectively, but some care is required to prevent loss of
oestnol. However, 1t was found that oestriol is easily extracted with ether from agucous
solntions at a pH as high as y0.5, provided the aqueous solutions are sarurated with
sodium catbonate or bicarbonate at that pH. In fact, the partition coeflicicnt of oestriol
between ether and concentrated carbonate solution of pH 10.5 is the same as berween
ether and saturated sodwim bicarbonate. Coneentrated carbonate solution of pH 10.5,

Unine hydrolysed with HCI
extracted with di-ethy! ether

Lther extract
Washed with {1} Satd. sodiwum eacbonate soln pH 10,5
2) NaOH, NaOH wash neutralized to pH 10 with satd NaHCO, and
shaken agun with the ether extracts
() NHCO,
{4} Water
Ether evaporated

Resdue dissolved m ethanol
Benzene and perroleum ether {equal vols } added

extracted with water

Benzene/petrolcuns ether water extract (acs{r;af}
H,B0, and NaOH added.
extracred with NaOH methylated with dimethy! sulphate at 37°,
NaOH and H,0; added
NaOH extract (oestronefoestradiol)
H,BO, added,
methylated with dimethy! sulphate ar 37°
NaOH and H,0; 2dded extracted with benzene

extracted with
petroleum ether

Benzene extract

Peteolewn ether #rtraty
washed with water

washed wath water

chromatographed chromatographed
on alummna on slommna
! { methy!
Oestrone Ousirahol Ocstmal methy
methyl ether methyl ether ether

fig 1 Flow sheet
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which is much more effective than sodium bicacbonate, can thercfore be used for washing
the acid fracnion from ether extracts without any additional Joss of acstriol.

Unine extracts contam substances, presumably polybydric phenols, which oxidize to
colourcd products when dissolved m alkali and are not then re-extractable with cther
at pH > 7. The apparendy involved alkah washes shown in the flow sheet are for the
purposc of removing these substances.

The acids are removed by washing with concentrated carbonate solution of pH 10.5.
The ether extract is then shaken with sodum hydroxide The polyhydric phenols
oxidize and, together with some of the oestriol, are extracted into the sodium hydroxide
layer. The sodmum hydroxide is then parely neutralized by addmg saturated sodim
brcarbonate solution The aqueous layer s now a concentrated carbonate solution of
pH 10, and shaking agam with the ether layer extracts the oestriol back mto the ether.
The aqueous layer 15 then discarded, and the cther is washed with saturated sodium
bicarbonate to ncutralize any alkali still present, This 1s necessary to prevent loss of
ocstriol in the subscquent water wash. The ether is then washed with a small amount of
water to remove the bicarbonate,

The ether 15 evaporated and the residue dissotved m ethanol.

The phenolic fraction 1s usually scparated from the neutral fraction, and oestriol from
oestrone and ocstradiol, by parutions between benzenc and water, and benzene and
sodim hydroxide. However, difficulty was experienced mn getting quantitative re-
coverics of oestriol and oestrone with these solvents, and 1t was concluded that their
partition coeflicients do not favour sufficiently the aqueous phases It 15 casy in this case
to alter the partition cocfficients in a favourable manner by diluung the benzene with
petroleum cther, in which the oestrogens are relatively msoluble. The nuxture of
equal volumes of benzene and petroleum ether was found to be very satisfactory.
Usmng this as the organtc phase nstead of benzene alone, better recovertes of ocstriol
and ocstrone arc obtained with fewer extractions and without the formation of emul-
sions,

Sodium hydroxide 1s added to the oestrrol extract m preparation for the next step

There was reason to behieve that much of the materal in the oestrogen fractions at this
stage 1s not truly phenolic, and the next step was designed to remove ths non-phenolic
materal. The prncple used 15 phase change through chenucal modification of the
phenol group. After a few prelmunary experiments 1t was found that methylaeion 15 2
very convenwent method for achieving thus, especnlly as the oestrogen methy! ethers
can be estumated directly with the Kober colour method The complete phase change
obtamed by methylation 15 shown by the fact that whereas oestriol 1s extracted from
benzene with water, oestriol methyl ether 15 extracted from sodtum hydroxide with

benzene; oestrone and oestradiol are extracted from benzene wath sodim hydroxide,
while their methyl ethers are extracted from sodium hydroxide wath petrolcum ether.

The oestrogen fracttons, already in alkaline solution, are conventently methylated

with dimethyl sulphate, an effective methylating agent under these conditions. The usual
methods of methylating phenols with dimethyl sulphate are, how ever, unsatisfactory
when apphied to these ocstrogen extracts In strongly alkalne solutions, methylatron 1s
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slow compared to the rate ar which the dimethyl sulphate 1s destroyed by hydrolysss.
It was then found that this destruction 15 considerably retarded without serousty
decreasing the rate of methylation, by methylating 1 borate buffer solutions of pH
between 10 and 11.5. The reaction takes place slowly at room temperature but is
convemently accelerated at 37°C. At this temperature the reaction is complete 1n 30 mm,

The methylation muxture is then made strongly alkaline to emphasize the alkalt
insolubility of the true methoxy phenols, and hydrogen peroxide 15 added to destroy
certam substances which forn a portion of the urmnary contammation.

Oestriol methyl ether is then extracted with benzene and the ocstrone and oesteadiol
methyl ethers are extracted wath petroleum ether. In each casc the partition completely
favours the organic phases The considerable purification of oestrogen cxtracts obtamed
by this methylation and phase change procedure 15 shown by the fict that the benzene
and petroleum ether extracts are completely colourless and all the visible pigments are
discarded, apparently unchanged, with the aqueous layers.

The ocstrogen methyl ether fractions are then further purified, and oestrone and
ocstradtol are separated from one another by chromatography on alumma columns.
Summel [1946] was the first to apply adsorption chromatography on alumina colunns
to the further punification and partition of the ocstragen fractions However, consider-
able losses of oestriol occurred durmg his procedure, and these could not be corrected
without considerably increasing the amount of mterferimng matenal m the oestriol
fraction. The method therefore has not been favourably received. Tlus objectron, how-
ever, does not apply to oestrogen methyl ethers, for, bemng less polar, they arc more
sutted to adsorption chromatography procedures.

Adsorption chromatography used as a quantitative procedure has been criticzed and
condemned by many workers [sce Engel, 19s50] In spite of thrs, the present technique,
developed 1 less than a month, has been m routme usc for more than 3 years without
giving trouble. It seems to be completely rehable, provided the necessary precautrons
are taken and all factors are rigidly standardized.

Mixtures of oestrone and oestradiol methyl ethers are resolved with difficulty on
columns of active alumma, but arc easly resolved on columns of less actve alumma.
A suttable actrvity was obtaned by adding 9-10% of water to an alumna with an
ongmal acavity equivalent to Brochman No. IL The acavaty of this hydrated alumina
15 practically unaffected by small changes m water content and solvents used with it
should be saturated with water. Both these factots contribute to a robust chromatography
procedure.

Mutual displacement of adsorbed substances on the columns 1s avorded by using dilute
extracts, alrcady considerably punfied and contaming only small concentrations of

ocstrogen methyl ethers.

The chromatography procedure 15 a compromise benween resolution of unne fractions
on the onc hand and 2 reproducble, quantttative method with adequate safety marguns
on the other.

Columns are prepared with 2 g of alumma The ocstronc-ocstradol fraction m

petroleum cther s adsorbed on to the column, The column is then cluted with 2 muxture
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of benzene and petroleum ctlier to remove the pre-oestrone fraction. Ocstrone methyl
cther 15 then cluted with a stronger cluant, and clution is continued with the same eluant
to remove the inter oestronc-ocstradtol fraction, and the oestradsol methyl cther is then
cluted with benzene. By using cluants of creasing strengths, fractions are obtained
m volumes small enough to be evaporated directly from the colour tubes.

The oestriol fraction in benzene is similarly adsorbed on another column; a pre-
ocstriol fraction, which contains the only pigment band scen during chromatography,
15 eluted with a dilute solution of ethanol in benzenc and the oestriol methyl ether with
a more concentrated solution of ethanol i benzene.

The methylated ocstrone, oestradiol and ocstriol fractions arc evaporated w:‘th‘quinf)l

PR L] R K - - .

1
o . o

colours m the Kober reaction and these are corrected for spectrophotometrically by the
method of Allen {1950]. Colour densttics are d in a spectropl ter at the
wavelength $17 mye, the absorption maximum for the Kober red colour, and at two
AN o P . w0 A i

One person can convenently do four complete estimations from hydrolysis of urine

to colorimetry m 2 days This allows time for prepaning reagents and washing glassware
and can castly be doubled for limited periods.

Speatficity

The criterion for validity of the spectrophotometric correction 1s that the wavelength
absorption curves of the mterfering yellow-brown colours should be hnear beeween the
et ' T *  sorption nuaxi-
g To determune

WaLG WG WavaIg UL dusOLPLOLE CULVES OL LIE YeHOW-Drown component are m fact
licar n this region, 1t was necessary to apply the method to urines in which low or zero
oestrogen Jevels mught be expected. Table 1 shows the results obtaned m 2 senies of
urines from men, postmenopausal women, children, and patients suffering from Sim-
mond'’s disease. Deviation from hneanty 15 expressed tn terms of micrograms of apparent
oestrogen excreted m 24 he Completely zero levels, implying Lineanty, were rarely
found. The results however are not mconssstent with those which might be expected 1f
these urnes contatned small amounts of oestrogens The amount of mterfering yellow-
brown colour produced with these urme extracts 15 a considerable proportion of the
total calour, and 1t 15 necessary to rely over much on the spectrophotometric method to
correct for this. For mstance, i the case of the male urncs shown, the density of the
yellow-brown component, as calculated by the correction formula, 1s about of roths of the
total m the case of oestriol, 2/3rds 1 the case of oestrone, and 14{15ths m the case of
oestradiol. In the hight of this contamunation, the sigmficance of the small apparent
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ocstrogen content of these urmes is somewhat doubtful, espectally in the case of oestriol

and oestradiol,

Table 1 Values found in expected low titre nrines (gf24 hr)
£

Males

Post-menopausal women

Children aged <8 years

Simmond’s disease

No o
cases Range Mean

28 oestrio] 0875 3.2
oestronc 34-8.2 57
ocstradiol o024 1§

9 oestrio] 06-68 3.0
oestrone 08-7.1 27
oestradiol 0023 03

4 oestriol 0 3-2. 1.0
oestrone 0.2-10 05
ocstradiol 0.0-02 o1

4 oestriol 246 24
oestrane 0036 1.7
oestradiol 0.0-1.5 03

There 15 2 certain amount of evidence, however, that these values nught represent true
ocstrogen levels. The substances bemng measured behave chromatographically as ocstro-
gen methyl cthers. The Kober reaction, grving a colour with an absorption maximum
at 517 mp 15 known to be remarkably specific for the natural oestrogens, The wave-
length absorption curves of colours produced with these urine fracttons are completely
consstent with the presence of two components, one with an absorption maxumum at
517 mp and the other with a Imear wavelength absorption curve ths tegion of the

spectrum (Fig. 2).

DENSITY

- /'/ \\,ﬂ

xR

AW

*0\0 "

~

. . 1 .

540 560

480 500
WAVELENGTH (mu)

colours produced in the Kober reaction A, oestrone fraction from of 225 br

o 2 Warelongth absorption curves of
P 2 e o caloulaten by correcron formula to contain ¢ 4 g of oestcone methyl ether, I pute ocstrone methyl

cther 1 4 ug, C, back,

ground materiat calculated from A munus 1
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Further support is afforded by results obtained biologically for the excretion 'of ocst-

rogens in male urine. Although these biological methods are hable o ccxuldcm})lc

crrors, the results obtamed are of the same order as those obtained with the chemical

method. For instance, Gallagher, Kenyon, Peterson, Dorfiman & Koch [1937] found m

men’s urine an average oestrogen concentration equivalent to the excretion of 10 pg of
ocstronc a day, results which compare favourably wath those shown here.

Aceuracy
The accuracy of the method was tested by a serics of recovery experiments inn which
known amounts of ocstriol, ocstrone and oestradiol-178 were added to portions of acid-
hydrolysed 24 hr male urines. Blank determinations were made at the same tinie on the
same urme. Results are shown in Table 2 and are expressed in terms of mean values and

Table 2. Recoveries from aad-hydrolysed male wrine.
(Results shown as mean % == S.D. and corvected for endogenous blank values)

ug added per 24 hr urine
47 25-35 36-60
Ocstriol 33 + 108 (l:) 85 438 {11) 83 & 3.0 (iz)
Oestrone 87 & 117 {11} 84 + 5.2 (12) 82 161 (10)
Oestradiol S0+ 5.5 (12) 9t 4 7.0 (11) 86 4 6.6 (11)
dard deviations. The of oestrogens added per 24 hr unne specimen are

shown, and results are the percentage of thes recovered after subtracting the unne blank
values. Recoveries ate between 80 and 90%, even at levels corresponding to 4 jeg per
day, which was the lowest mvestigated The standard deviations, however, ncrease as
the amount of added oestrogen 15 decreased. This 1s not surprising, for at the concentra~
tions being measured the oestrogen colour densities are so low that considerable mstru-
mental errors anse dunng their measurement. Also, avtheselevelstheapparent ocstrogen
content of the blank formsa considerable proportion of the whole, and errors n measurng
this contribute to the total error.

These satisfactory recovery results show that the method, whatever 1t measures, 1s at
least reliable for measuring differences in oestrogen concentrations m the same urme.

RESULTS

Oestrogen excretion durmg the menstrual cycle
The method was then applied to a study of oestrogen excretson during normal men-
strual cycles in women Urines were collected daily throughout twelve menstrual cycles
from ten apparently normal women whose ages ranged from 17 to 40 years. Pregnancy
wmtervened m three of the cycles studied. Basal temperatures were taken datly throughout
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cach cycle t order to compare oestrogen levels with times of expected ovulation Fig 3
shows the results obtained from a typical cycle, and dlusteates a number of features
common to all the cycles studied.

There are two peaks of oestrogen excretion. The sharper and usually the higher peak
occurs about the 13th day {or more constantly, 15 days before the onsct of: ‘menstruation)
—just about the ime of the temperature e, and 1 presumably related to ovulation,

b
a
293}

<10

«

QESTRIOL

o

3

QOESTRONE
OESTRADIOL

Mg OESTROGEN PE
N
3

o w

t 3 5 7 903509350
DAY OF CYCLE .

Fig 3 Excrenon of ocstmol, oestrone and oestradiol during 3 menstrual cycle Days of menstrual bleedung and basal
temperature curve are shown Subject 1, age 36, para 3

Thos 15 followed by a sudden drop i oestrogen exeretion, which then mes to a second
peak at about the 215t day of the cycle. The levels then fall before the onset of men-
struation and reach thewr lowest about 2 days after the onset of menstruation These
trends are shown by all three oestrogen fractions

The finding of tvo peaks of oestrogen excretron durmg the menstrual cycle 1s not new
and has been recorded by many workers 1 the past, usmg bioassay methods. For
wstanice, Sruath, Smuth & Pmeus [1938] found two peaks of oestrogen excretion, one
about the 1oth day and the other about the 18th day of a 24-day cycle. The ocstrogen
levels at the first peak (calculated from their data and g an oestrone diol
ratio of 2 . 1) were oestriol, 30 pg, oestrone plus oestradiol, 20 g, which are very
sinfar to those found here

“The relative amounts of ocstriol, ocstrone and ocstradiol found in these menstry
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cycle urines are interesting. The amount of oestradiol 15 usually about half that of the
ocstrone in the same urne specimen, and daily ehanges in the concentration of the one
are reflected 1 parallel datly changes in the concentration of the other. The relative
amounts of oestrtol and oestrone are variable and the daily changes in the ocstriol levels
are not reflected dicectly 1 the changes in the cestrone Ievels but tend to lag a day behind
them. This is most noticeable during the first ocstrogen mse and at the first peak, and 1s
shown clearly in Fig. 3 Here, the ocstrone and ocstradiol peaks oceur on the 13th day,
but the corresponding ocstriol pesk does not occur untl the r4th day.

These relationships between the amounts of oestriol, oestrone and eestradiol are also
found following the single intramuscular injection of oestradiol into postmenopausal
women. Fig. 4 shows the results obtamed from one such expertment. The peak excretion
of acstronc and oestradiol occurs on the 15t day following the injection, and the oestradiol
levels are about half the oestronc levels. The oestriol excretion lags behind that of the
ocstrone and ocstradiol and reaches 1ts peak on the 2nd day following the mjection This
lag phenomenon was also observed under sinular conditions by Clayton [1949].

0 61

024 OESTRIOL

04+

024 OESTRONE

g EXCRETED PER 24HR URINE
°
:

OESTRADIOL

1.2 3 5 6 7 8

1 DAYS
20mg OESTRADIOL IM

Fig 4 Excrenon of oestriol, ecstcone and ecstradiol following 2 single mtramusculas injeccion (LM ) of ocstradiot-173
(20 mg) Total oestrogen recovered was 16, of that mjected

The results obtamed from menstrual cycles at about the time of the first peak are there-
fore completcly consistent with those expected followng the continuous myection of
aestradiol, the amounts of which vary from day to day m a cyclic manner

The evidence therefore suggests that tlus chenuical method affords a measure of the

excretion of oestriol, cestrone and oestradiol m the unne of men and non-pregnant
Wwomen.
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DISCUSSION

Miss Stern* In your calibration graph you could measure down to 2 pg of ocstradiol, and
yet m the actual analysis, i the postmenopausal woman for instance, you measured
downtoozpg.

Dr Brown* Yes, but I agree that the Kober method 1s beconung unreliable at that Jevel,
so that we do not place too much importance on very low values, say below 10 pg

Miss Stern* But the actual analysis was on a 24-hr specimen ?

Dr Brown: A fifth of a 24-hr sample.

Miss Stern, You added your oestrogens for recovery after actd hydrolysis Do you think
it possible that during hydrolysis there could be some destruction? We seem to havesome
evidence of that

Dr Brown It 1s generally accepted that destruction 15 lrable to occur during hydrolyss.
The recovery experiments were not designed to check that, but just to see how our
extraction procedures were working .
Dr Bishop. Has Dr Brown any suggestion why there should be this differcnce in oestriol
and oestrone-ocstradiol excretron m nulliparous and parous women?

Dr Brown We would hike to know the answer to that ourselves.

Mr Willams Have you done any determumations on urine from hysterectomuzed
women?

Dr Brown We haven’t many figures on hy sterectonuzed women, and those we haveare
on post-menopausal cases

Dr Diczfalusy Tt may wtercst you that we have checked the partition data of Dr Brown
on the methylated oestrogens, using the Craig countercurrent distribution, and our data
so far agree completely.

Dr Hannelore Brannsherg Have you any evidence that quantitative methylation occurs
1 the presence of impurities” You have added the oestrogens at stage 2 and recovered
them agam m the presence of urinary residues?

Dr Brown Yes, we have checked that.



SOURCES OF ERROR IN THE CHEMICAL
DETERMINATION OF URINARY OESTROGENS

By W. S. BAULD
Froms the Department of Brochemistry, University of Edwburgh
The investigations reported here were conducted simultancously with, but independently
of, those just reported by Dr Brown. As the method finally developed will be deseribed
m detail chewhere [Bauld & Marrian, 1954], the present discussion will be confined
mainly to the major dhfficultics which arosc and the steps taken to overcome them.

METIIODS

The original method (shown in outlne in Fig. 1) was based on carlicr investigations
by Clayton [1949]. The new developments are marked in the figure and arc as follows:

*The ovidation of phenolic contaminants to more acidic products by shaking an
alkahne solution in the prescnce of air.

**Extraction with cther of the oestriol fraction in 8-NaOH to remove neutral and
nitrogenous contamunants.

***The use of patition chr aphy for thesep
and ocstradiol-178, and for the final punfication of ccstriol.

**¥**Chromatographic scpatation of neutrals and the lipophilic ocstrogens.

The difficultics encountered i the application of the method wall be discussed under
three headmgs.

Errors in colonmetric assay.

Loss dunng partition.

Destruction of oestrogens during the procedure,

and purification of oestrone

E"U'S i" foI(‘"l’l(f’lf ﬂSSﬂ)’

The mtroduction by Brown 1952 a] of the quinol-aqueous H,$SO, was a
distinct advance m producing a convement method of oestrogen determunation of much
greater relability than earher modsfications of the Kober [1931] reaction [e g. Vennmng,
Evelyn, Harkness & Browne, 1937]. However, when the method m 1ts ongmal form
was extended to the estimation of oestrogens 1 the presence of unnary and solvent
residues, certam forms of mtereference with colour development were found. These
findings are reported 1n detal elsewhere [Bauld, 1954a] and will be summanzed
only very briefly here

It was found that for oestriol to form quantitatively the yellow precursor of the final
punk colour there had to be an effectve reductant present i the first stage of the re-
action For the determmation of pure oestrogen this requirement 1s met by the sulphon-
ated quinol of Brown’s reagents Thisweak reducing agente 15, however, madequaten the

1
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{A) & Ahquot 24 hr urme
botled 1 hr with 159, HC]

Ether (B)
e
Aqueous Ethlcx
(discard) '
HCO;
"0 (€
| |
Ether Aqucous
(discard)
Residue m
EtOH/benzene
(D) H0
Hydrophil |
ydrophilic fraction Lipophalic fractron

{E} Made N-N2QH*
Ether (H) Shaken with n-NaOH*
Aadified
| Washed with COj, H,0

**Ether (F) Aqueons
topHo 3 Residue
(discard) Partinon chromatogram
Ether Mobile phase—Benzene
Stat phase—o 88-N2OH
**H*Neutrals
Ether Aqueous - ***Qustrone
(d?sc:nrd) F**Qestradiol-17p
Residue
(G) Parution chromatogeam
Mobile phase—EtCL,
Stat phase—70% M(OH
***Qcstriol

Fig 1 Quthnc of the basic methad for extraction and punification of austriol, oustrone and ocstradiot-17f3 from urme:

presence of oxidants arsmg from solvent or urmary restdues. In a typical expenment
96% of oestriol was recovered on extraction from 1 3 N-H,SO; when the reagent for
the colour reaction contained 1.4% (w/v) of free qumol, whereas only 65% was re-
covered when the free qumol i the reagent was 03% (w/v) The difficulty was over-
come by the addition of quinel to the reagent immediately beforc use.

Morcover, for all the oestrogens the second stage of the reaction, the conversion of
yellow to pmnk, appears to be a graded oxidation: with msufficient oxadation, there 1s
mcomplete conversion and with cxcessive oxidation, fading of the pmk occurs In the
presence of various oxidizing and red 1t is therefc CSSL‘".U-‘II to have
conditions of maximum stabthty for this conversion. Since changes n the intensity of
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the pink occur m dilute H,80, even at room temperature, the dilution with water
immediately prior to colorimetry, as required in the original reaction [Brown, 1952 a],
was omtted. In the second stage, the important factors involved were shown to be:
H,S$O, concentration, time of heating, and compositron of the reagent. Their effects are
shown in Tig. 2. In cach experiment, cleven samples of ocstradiol-178 (25 pg) were
heated at 100°C for 20 min with 4 ml. of 2% (w/v) quinol in 6095 (v/v) 11,SO,, cooled,
diluted with 3.5 ml. of aqueous 1,505, and relicated. Optical densities obtained with the
green (llford Gog) and violet (Hlford Gor) filters are plotted agamst ume of reheaung.
With Type B H,50; the conversion of yellow to pink (a5 cvidenced by alteration m the
optical densitics obtained with both filters) at a sccond stage concentration of 60%
was incomplete even with prolonged heating. When the concentration was dropped to
46%, the conversion to pink was markedly facilitated, but the colour was now suscept-
1ble to fadmg. Morcover, a marked difference was found between the different types of
analytical reagent H,S0,, both in case of conversion and in intensity of colour. That
Type A H,S0, is stll not optimal is shown by the increased demsity obtained by the
addition of Cu** (250 jug) in the second stage of the reaction.

These results and simlar findings with the other ocstrogens led to mmor but important
changes in the original reagents and reaction described by Brown [1952 @] We are now
convinced of the accuracy and relability of the modificd colour reaction in the presence
of contaminants from solvents and urine.

Since the development of fluorescence m H,S0, mercly represents the first stage of

ouor
v L T -
2 o W3- 60, 204, STAGE
8 - e TPEA ¢ n60Y s & -TAACE oF Y
3 ol —e—atrEs o won ot
S o e TPEE 5 g, v
ok
ok
——
R SSl A — —
e T
T
ocost
FRIER don
oo —
©oal-
oo
— S T ST WU S s
R et I e T Toanr
TMD OF MEAT G Ind STSE (Y
iz 2 Effect of varntion m cond, £t dsia 1

ersion of yellow to pink



14 W. S. BAULD

the Kober reaction, the constderations briefly discussed above will apply at least int part
to fluorimetric methods of estimation of oestrogen. Brown [1952 b] stressed the necessity
for a reducing agent in the development of fluorescence by oestriol. Bates [1952] con-
tested this pomt, but used oestronce as his example. Most methods mect the requirement
by the use of ethanol as a solvent. Veldhuis [1953] found a fificen-fold increase m the
fluorescence of oestriol when ethanol was mcludad in the H,SO, reagent, Conversion of
the fluorescent compound to the pink dervattve—an event which m view of the low
concentrations of ocstrogen used for flnonmetry would be demonstrable only by de-
creased fluorescence—is one of the possible forms of “quenching’. This may explain why
batches of H,SO, from different suppliers vary i thar ability to produce fluosescence
of ocstrogen [sce Engel, Slaunwhite, Carter & Nathanson, 1950]. The mstablity of
fluorescence methods 1n the presence of contaminants from solvents, urine or blood was
recognized by Finkelstem [1952] and Veldhuss [1953], who correct for this form of
‘quenching’ by measurmg the fluorescence of a known amount of oestrogen in the
presence and absence of an ahguot of their final extract. If fluorescence methods are to
have a wide apphcation therr stability must be mereased

Loss during partition
The vanable factors affecting the elution of oestrogens from the partition chromato-
grams of the final method will be reported m detal clsewhere [Bauld, 1954 b]. Two of
the more mportant causes of vamation are shown i Fig 3. As the paration cocfficients
of oestrone and ocstradiol-178 between agueous alkalt and benzene depend upon t}}e
temperature at which the solvents are eqmlibrated, this factor becomes important in
determining the clution pattern, The variation with percolation rate was shown to be

OLs1RONE OEITRADIOL

0 Omifor 20C.
e 20/ JC
i e

—+4 P 7 N
T T 3o M % 3 40 44 43 12 %6 o 4 68 71 76 BOB4 63 02 G610
I YOLUME OF ELUATE (mt}

U3 OF OLSTROCEN PERmI OF ELUATE

Fug; 3 Effect of varanons in percalation fate of olvent, and  teniperature on clution pattern of ocstrone and ocstradio’

1 libeated at the temperaturcs shown, the
1 columns were 1 X 12 €m NaOH (o 8~) and benzene were equili

a ucoAux (statiomary) phase was miced with celite 535 10 the proporsinsof 8 ml per 10 g of cebre Solures {: $0u8)

vgcre applied 1n orgamc (mobile) phise m 3 7 Tml washes, and collection of the cluate was begun after the dhurd

et entered the chromatogram The mobie phasc was changed at 4o m to EtClyetenzene 3/3
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dependent upon the alteration in cross-sectional areas of the mobule and stationary phases
resulting from the variatton in the firmness with which the chromatograms were packed.
The tendency to trailing clution boundarics seen in the figure is in accord with the non-
hncar partition isotherm of ocstrogens in this system. In the final method the
chromatograns are run i a room controlled at 18 + 0.5°C; and the columns are packed
sufficiently firmly to give a percolation rate of 1o ml fhr with gravity flow.

*Destruction” of oestrogens during the extractton procedure

Because of possible instabulity of the colour reaction 1t 15 difficule to distinguish

“‘destruction’, 10 the seuse of modtfication of the oestrogen molecule to make it non-
chromogenic i the Kober reaction, from apparent loss of oestrogen duc to nterference
with colour development. In the ensuing discussion, *destruction” wall be applied only to
losses (i terms of colonmetric estumation) preventable by changes in the procedure
prior to colortmetry. Such losses were of four kinds.
1 *Destruction’ of oestriol on extraction from dilnte HCI When the rchability of the pro-
jected method was tested by recovery of ocstrogens from dilute HCI, satisfactory results
were obtamned with ocstrone and oestradiol-178, but recovenes of only 64 + 11% were
obtaned 1 twenty-seven cxperinents with 25 peg of oestriol added to 575 ml of 1.3
N-HCL. Investigation showed that the pnincipal loss occurred durmng the first stage of the
purification procedure extraction with ether, washing with bicarbonate and water, and
distrllation of the extract. Yields at this stage were not mproved when various other
mecthods of ether punification were substituted for the routine one of shaking with silver
oxtde (Wemer, 1933, or when distillation 1 an atmosphere of mtrogen, or the addition
of ascorbic or 1-amino-2-naphthol-4-sulphonic actds were employed.

It was known [Rosenmund, 1948] that Fe*** caused an apprecable destruction of
oestrogens on boiling mn dilutc HCH It was found that complete destruction of oestriol
m dilute solution occurred on prolonged standing at room temperature with 0 1 mg
Fe™** per 100 ml. of 1 3n-HCL Even with immediate extraction there were losscs up
to 50% Tlus metal-catalysed destruction was prevented, hawever, by ascorbrc aaid (1
part i 5000) Morcover, analyucal grade reagents were used throughout this mvestiga-
tron, and no traces of Fe?*** could be demonstrated m the extracts. It was therefore
considered unlikely that this type of destruction was the cause of the low yields on
extraction of oestrio] from dilute acrd.

Oestniol was recovered quantitatively m the first stage of the punfication procedure
(extraction with cther, washing with bicarbonate and water, distllation of the cther)
when quinol {x part m 5000) was added to the 1.38-HCl at the start. This antioxadant,
unlike ascorbic actd and 1-ammo-2-naphthol-4-sulphome acid, 15 not completely re-
moved from ether by the bicarbonate washes. Its cffectiveness therefore suggested that
the ‘destraction” took place during distillation of the solvent.

In the absence of quinol, quantitative recoverics from thus first stage were found when
the dilute HCI was neutralized before extraction, or when ocstriol was extracted from
water or 1.38-H,80; Thus suggested that HCl was not being completely removed
from the ether by the bicarbonate washes and was ‘destroymg” estriol during the dis-
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the Kober reaction, the considerations bricfly discussed above will apply at least i part
to fluorumetric methods of estimation of oestrogen. Brown [1952 b] stressed the necessity
for a reducing agent in the development of fluorescence by oestriol. Bates [1952] con-
tested this point, but used oestrone as hrs example. Most methods meet the requirement
by the use of cthanol as a solvent. Veldhuis [1953] found a fiftcen-fold increasc in the
fluorescence of ocstriol when cthanol was mcluded in the HLSO; reagent Conversion of
the fluorescent compound to the pink derivative—an event which m view of the Jow
concentrations of oestrogen used for fluormetry would be demonstrable only by de-
creased Auorescence—is one of the possible forms of ‘quenching’. This may exphin why
batches of H,50, from different supplicrs vary in therr ability to produce fluorescence
of ocstrogen [sce Engel, Slaunwhite, Carter & Nathanson, 1950]. The mstability of
fluorescence methods 1n the presence of contanunants from solvents, urine or blood was
recognized by Finkelstein [1952] and Veldhuis [1953], who correct for this form of
‘quenchmg’ by measuring the fluorescence of a known amount of oestrogen in the

presence and absence of an aliquot of their final extract. If fluorescence methods are to

have a wide applicatton therr stability must be increased.

Loss during partition
The varable factors affecting the elution of oestrogens from the partition chromato-
grams of the final method will be reported m detail elsewhere [Bauld, 1954 b]. Two of
the mote important causcs of vanation are shown m Fig, 3. As the partition coefficients
of oestrone and ocstradiol-178 between aqueous alkali and benzene depend upon the
temperature at which the solvents are cqulibrated, this factor becomes important
deternuning the clution pattern The vamatton with percolation rate was shown to be
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shaken with a small amount of N-NaOH, and the mixture was then shaken with bi-
carbonate to lower the pH of the aqueous phase to 8.5 before discarding the combined
wash, This resulted in an appreciable purification of the final extracts. Ethanolic solu-
tions of the scparate fractions of male urine, obtained with this modification of the
method, were evaporated to dryness by heating in a stream of air with and without
added oestrogens, and thie colour reaction was carsied out. The results for oestriol are
shown in Fig. 4 and Table 1.

. r—n—votsTRIOL (350y)
emmen CESTRIOL (2809) URRIE SLAN DIOH RIMOMD 34
PRESENCE OF QUL (tmg)
Bo—aURE pax, T OH REMOVED W FROSENCE OF Qurx,
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Fig 4 Absorption spectra of colours produced i modified qumol-agucous sulphursc aad eeacton (7 5 mL) by pure
truol and oestriol heated with the 1 fraction of male urue

The optical density at the peak of the oestrogen absorption was considerably lower
for oestriol m the presence of urmnary residues, whether a correction for the non-pink
component was applied or not. The discrepancy was sigmficantly less when the quinol
required in the first stage of the colour reactton was added to the ethanolic solution
before removal of the solvent. It would seem that heating oestniol with urinary residues
causes a ‘destruction’ which is Jargely preventable by quinol

In an effort to determine which group of compounds was causing thus ‘destruction’,
the alkalization wash of the origial ether extract was acidified, extracted with ether,
washed with bicarbonate and water, and the solvent removed by distillation The residuc,
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titlazron o'f the solvent. With the introduction of the strong alkalization of the ether
extract (dx§cusscd later) no Toss on extraction from HCl occurred. Since hrydrolysis with
this acid gives loss contaminated urmary exaracts than docs quimolar H,50,, HGL has
been retamed in the final procedutre. .
2. ‘Destruction” by heating with solvent tosidues, Other investigators have reported the
destruction of oestrogen when an cthanole solution is heated in a stream of air fsee
Haenni, 1950; Brtauan & Sykes, 1953}, Tlus finding was confirmed with certain batches
of ethanol punfied by azcarropic distilleson with benzene and with cefianol contaning
appreciable quansties of acctaldehyde. The Joss occurred even when the ethanol was
removed by heating i an atmosphere of nuzrogen under dinnnished pressare, However,
it was found that ethanol, punfied darmg manufacrure by simple dsullation only and
rendered acetldehiyde-free by a two-stage treatment with su-phenylenediamine, could
be evapotated from oestrogens without causing any destruction. The effect of traces of
aldchyde was enbanced by ether residucs, Rounnely, therefore, aldehyde-free ethanohis
used for the transfer of oestrogens to tubes for colorsmetry, and as an addwional pre-
cavtzon the quanof required m the first stage of the cofour reacuon 1s added. With these
precautions no loss of ocstrogens oceurs when the cthanol 1s removed by heaung ina
stream of air.
3. "Destruction’ by beating wnth arinary residncs. When the method was apphed to the
recovery of oestrogens added to acd-hydrolysed male urine, addisonal punfication
stages were found deswable, The mayjor group of brown contamunants arose from
coloutless precursors duning the extraction procedure, the change occurning whenever
the phenolic rendues contacted atkalr. Thus, m spite of shaking the benzenc solution
contaming ocstrone and vestradiol-178 with atkah, and subsequently washing 1t with
catbonate (Step H, Rig 1}, 2 brown band was always left on the chronatogram after
clution of the neutrals with benzene. Washing the cther extracts wth sulphite or bie
sulplute effected a punsfication at ehis pacticular smge, but did ot sesult 1 any apprece-
able decrease m the contamunaton of the fumal fractions The substances concerned
appearcd to be so susceptble o oxidation to brown dervatves that purification was best
achseved by semoval rather than by reducnion The easiest approach o this was an ex-
tension of the procedure for shakmg m alkalie solution, followed by washng wath weak
alkah. Accordimngly, the wmtd ether extract was washed once with bicarbonate and

Table 1 Corvected optical dennity (Beors ) of colosss produced i the smodfied quurol-apueows silphsine
acid reaction (7.5 ml vol } by pure oestniel and oestriod heated m echano! sk dse oestriol jraction of
male wrint

Eeorr %0 Loss
b Oestriol (25 ug) 0,269 —
2 Oestsiol {25 pg). urne blank, BWOH removed m prescnc 0251 7
of qumel {1 nug)
3 Urtnie blank, 5tOH removed i presence of quinal 0034 —
4 Qestriol {25 ug), unne blnk, no qumo} dunng removal 0179 38
of BtOH oons _

Urme blank, no qunol during remaval of BtOH
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buffer of pH 10.5 prior to the alkalization a significant improvement in recovery resuleed

The use of 2 10.5 buffer was introduced by Brown, as ls already been described. A 0.5
washafter alhalization did not imp the recoveries It thus appeared that the effective-
ness of this wash lay in the fact that it removed substances from the urinary extracts
which, if present durmg the shaking with strong alkah, facilitated the oxidation of
ocstradiol-178.

Expt. 3 demonstrated that the causes of “destruction” were not completely removed
because at lower levels of oestrogen the recoveries dropped to s1 & 8.2%. Prehmmary
expertments established that some of the loss was due to alkalization of the benzene
solution (Stage H, Fig. 1). Ehmination of this stage of the puntfication gave recoverics of
85 + 5.8% when 10 pg of ocstraciol-178 were added to § of a 24 hr specimen of
hydrolysed male urine.

Asshown by Exprs. sand 6, however, theresults became yryasth of
added oestrogen was decreased. There was 2 marked variation from urme to urine. It
was thought possible that thus destruction of minute amounts of ocstradiol-178 was
occurring during the removal of ethanol after transfer to tubes for colormetry. This
effect at the higher levels of ocstrogens lus already been discussed; it was shown to be
largely overcome by the presence of qumol. Addition of 1 g of ocstradiol-178 to this
fraction of the unnary extract just before transfer for colonmetry resulted m losses of
10-20% wath certain urines even in the presence of quinol, the losses beng greater when
the background colour m the fractions was igh. Further punfication was thercfore
required.

Saponification of the residuc from the chromatogram cluate by refluxing for 30 min
m N-NaOH gave a fraction {obtained by benzene extraction of the acidified aqueous
phase) which was considerably eleancr and did not destroy oestradiol-178 when heated
with 1t m ethanol. Posstbly the harmful agents are esters of phenolic acids. Expt. 7
showed that, wath this final modification, oestradiol-178 (1 pg), when added to ¢
aliquot of hydrolysed male unine, was recovered to the cxtent of 84 + 6.9%.

The outline of the final method 1s shown mn Fig. 5 The factors affectng the recovery
of ocstradiol-178 also apply to ocstrone but to a lesser extent. Ocstrone was found to be
the most stable of the three ocstrogens, and wath 1t no saponification was necessary.

i

Table 3 Recovery of oestrrol and aestrone added to acid-hydrolysed male arme

Oestrogen added to
tofzghe No of @, Recovery
specrmen of expts Mean + SD

acid-hy drolysed
male urme

Oestriol 10 pg 12 834+ 17

2 2 874+ 75

T 1z &1 105§

Oestrone 10 pg 16 87+t 44

2 16 o2+ 41

NB Al b 13 90+ 70

d for endog 3¢ content
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in amounts corresponding to 1/50 of the 24-hr urine volume, caused a ‘destrucnion’ of
25-26% of ocstrrol (10 ug) when a 1 ml. ethanolic solution was evaporated to dryness by
heating in a stream of air. When the quinol required in the first stage of the colour re-
action was added, the ‘destruction” was only 8-10%. Since the urinary residues used 1n
the experiment deseribed in Fig. 4 were purified by alkalization of the initial ether
extract, the mdication was that the damaging agents werc not completely removed by
this step. Routinely, therefore, the ethanol used for the transfer of the final fractions
to tubes for colorimetry was removed in the presence of the qumol required in the colour
reaction.

4. ‘Destruction’ during extraction. Recovery of oestrogen added to pure solutton and taken
through the extraction procedure was found to be nearly quantitative. Recovery from
urine, however, was found to be incomplete especially for oestradiol, and a summary of
the alterations m procedure necessary for improvement of yiclds is shown in Table 2.

Table 2. Recovery of oestradiol added to acid-hydrolysed male urine

Oestradiol added
to + aliquot No of o/, Recovery
Expt,  hydrolysed male  derer- Procedure* Mean £ SD.
urihe minattons
Bg
1 25 33 Alkalzation of ether at stage (C) 61 8.5
2 25 21 10 5 wash before alkalization of ctherat 71 £ 13.5
stage (C)

3 10 1s Asm Expt 2 st 8.2
4 10 10 Asm Expt 2z, butno washing mstage (H) 85 4+ 58
s 2 12 Asm Expt. 4 70+ 61
6 1 8 Asm Expe 4 81+ 198
7 1 12 Asm Expt 4, but with saponsficationof 84 & 69

ocstradiol eluate from chromatogram

N B All recaverses are corrected for endogenous acstrogen content
*The basic mechod 15 outhned m Fig. 1, and the changes made are noted below

Expt 1 demonstrated that a defimte loss occurred on extraction of oestradiol-178
from acid-hydrolysed male urine when the procedure shown in Frg. 1 was followed.
When the oestrogen (25 1:g) was added to the urmnary fraction immedately before
chromatography, recovertes wete improved (100, 96%; 88, 92% 1n two experments).
Evidently the mayor loss was occurrmg durmg the preliuninary purtfication Since 1t 15
known that the oxidation of strongly reducing phenols may facihtate the oxidation of
other substances [sce Waters, 1646], 1t was thought possible that oxidative destruction
of oestradiol-178 was occurrng during the alkalization of the mutial cther extract In
model experrments 1t was shown that 2ddinon of qumol (1-2 mg) to the ether before
the alkalzation mereased the loss of cestradiol-178, whereas qumnol added after the
alkalization did not Mareover, the addition of quunol to a pure solution of oestradiol m
ether, followed by alkalizatton, caused a Is-zp% loss These experiments mdicated the
necessity for further punfication of the ether ektract before alkahzation J

Expt. 2 showed that when the cther extract was washed with a concentrate
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Saponification, however, did cffect a considerable purification of the ocstriol fraction
and, for convenience, was incorporated into the procedure at an caclier stage. The re~
coverics for oustrone and ocstriol are shown in Table 3.

Investigations of che optimal conditions for hydrolyss are in progeess. Most of Shc
experiments were done with 1 2-naphthol-4-~sulpt acid added to the urine
before hydrolysis as suggested by Van Bruggen [1948], but no evidence of any pro-
tective action by chis reagent has yet been obtamed. .

Typical analyses are shown in Table 4. In spite of the various purification stages, which
remove more than 95% of the non-speafic chromogens, the speaficity of the method

Table 4. Typical analyses of the cestrogen content of 24-hr specinens of urine

Subject Type Oecstrogen E, E, E; Eeorr ugf24 hr
w.B  Male Ocstriol 0249 .222 0.134 0.030
0.206 0.262 0.166 0031 Ra
Oecstrone 0.379 0.348 o022 0035
0371 0334 0207 ooss 7.0
Oecstradiol 0.166 o138 0.006 0007
o180 0.156 O.I14 0.009 1.1
MF  Menopausal  Oestriol orrz 0097 0.079 0.006
0.032 0.027 oot8 0.002 1.0
Qcstrone .280 0245 0.18%9 ooto
0.332 0279 .216 0005 12
Ocstradiol 0.183 0.147 0.100 0001
0.264 0228 0.189 o001 o2
WM 16thdayof  Oestriol 0.104 022, 0004 @079
cycle 0.190 0214 0096 o071 205
Qestrone 0.416 0.400 0249 0.076
0.439 0.418 0244 o076 i1y4
Ocstradiol 0268 0268 0200 0.034
E, = optical density at 430 fmje o258 0257 o187 0034 6o
Ey= optical density at $12 § mp for ! and ocstro e
3t 515 my for ocstradiol-173

E, = opucal density at $45 .4 for ocstriol and ecstrone
at 515 my for oestradiol-173

at the low exeretion levels shown n the table, 1s largely dependent upon the specifictry
of the Kober reaction.  The adequacy of the colour correction has already been discussed
m full by Dr Brown. Some of the background colour arises from the effect of solvent
residues on the quinol added dunng the transfer of the final fractions to tubes for
colorimetry, as 1s cvident from blank analyses Much of the residual chromogen, how-
ever, represents urinary residues which have not been removed 1n the punficanon pro-
cedures

The method may readily be applied to the routine analyses of unne specimens.
Four determinations are completed m 9-10 man-hr, A high resolving spectrophoto-
meter 15 the only special prece of apparatus required. The procedures involved are simple
enough to be carrted out by a competent techmcian grven 3-4 weeks of speaal training,
provided he 15 under the close sitpervision of a rescarch worker thoroughly familiar with
the sources of error of the method
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THE SIGNIFICANCE OF COMPONENTS OF
URINARY OESTROGEN FRACTIONS
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SUMMARY

1 The question of the adentity of natural oestrogens in human bengs and the attemypts to assess
chemucally the phystological oestrogen state of man are discussed )

Paper chramatographic methods hve been develyped for the qualitave analysis of unnary
ocstrogens, the majortty of the ether-soluble acidic and phenolic compounds and certan artefactsn
hydrolysed urmes
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the compositson of urinary ocstrogen fractions.

The thesis that oestniol, oestradiol-178 and ocstrone are the only compounds of
interest in asscssing the oestrogen state of human beings, both from the chnical and bio-

chemical viewpoints, ss still a matter of conjecture. Thus the compound ssolated by
(awes Br Coendonnd Momaal ] 11 . 1 1
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. .

some measure is required of the total ocstrogen production by the ovanes, adrenal and
placenta Licberman & Teich [1953] m their review on the biochenustry of steroid
hormoncs, suggest that attack of the benzenoid ning of the oestrogen molecule 15 an
important step m the catabolism of cestrogens. This view 1s also supported by the pre-
luninary report of Garst & Friedgood [1952] on the chemustry of the compound they
have isolated.

Smith & Smuth [1941; 1952] have published evidence that a urmary compound other
than ocstrone can be converted by treatment with zinc and hydrochloric 2aid mnto a
product with mereased ocstrogere actvity. Furthermore, Snuth & Snuth [1952] have
reported the presence of an umdentified labile oestrogen 1n the follicular flurd of women
treated preop ely with dotroplun. Previously, Huffman & Grollnwan [1947]
suggested that 16-keto-oestradiol-178 may be the labile compound responsible for the

. o ' Ha ?

wmmemnaad e o

such as 7-ket may be responsible for the hugher oestrogeme activity after
hydrogenation with the nascent hydsogen produced by the zme. Sumtlar theortes could
l‘;c }:iostul;\ted 1 relation to the umdennfied oestrogen detected biologically 1 follicular
d.

‘With regard to these suggestons, Marrian [1949] and Pincus [1949) have pomnted out
23
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DISCUSSION
Dr Prunty. May Lask Dr Bauld if he has ever obtamed a negative figure for the corrected
extinction—in other words, is there any evidence that the absorption of his coloured
background 1s not lincar wath some urmes?
Dr Bauld Yes, we did obtan this carher on m the method, partcularly in the case of
ocstradiol That was onc of the prinapal reasons why we had to mtroduce the final
sapomification stage That ss, i the ocstradtol determmnations prior to the sapontfications
which we routmely do now, there was a negative correction of an extinction cocffictent
of 6 010-0.020 m certain urines.
Dr Prunty So you think there is reasonable evidence that linear extmctton occurs over
the range you are correcting on?®
Dr Banld Wth the residues as they are n the final method, yes.
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Method C1. The extracts were enzymically hydrolysed (sce method B}, exeracted and
fractionated according to method A and Fig. 1.

Muthod Cz. The cxtracts were hydrolysed with hydrochloric acid and worked up
according to method A and Fig, 1.

Ether extracts (4 bonzene layer)

Extracted with sawrated NaHCO,
contaung 0 §% N1,5,0;

Ether soluuon

!
NaHCO, cxtracts———-—Ether back-wash.

Saturated wuh NaCl, Buffered with 2 ml
pH adjusted to 1-2 cach of 0 595 NaH,PO;
extracted with cther and o 52, N1,5,0;.
Ether washed with Ether removed by
saturated NaCl solution disullaon n the
presence of the buffer.
Fraction { (Ether extract} Residue + aqueous Liyer
drtuted with benzene

Benzene exeracted with
equal vols. of 0 05%
N2,5,04

Aqueous extracts Benzene back-wash. Tenzene soluton

Saturated with NaCl Evtracted with a
pHadusted o 1, solution contaiing
extracted wich ether 9% N2,CO, and
Ether washed wath 059 Na,5,0,
saturated NaCl
solution.

Fracton T (Ether extract)

Aqucous Na,COy extracts —Benzenc back-wash——  Benzene solution
Fraction HI (isolated as for Fraction 1) Exteacted with 2N KOH
Aqueous extracts ~——Benzene back-wash- Neutral fracuon

Fraction IV (isolated as for Fracuion I)

Fig 1 Unnary fractonation flow shewt

Method D

The procedure (_)f Engel [1950] was also used for the preparation of Fraction I and
Fraction V (Engel's oestrogen fraction). Saturation of the hydrolysed urine with NaCl
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that the 1nﬂucn<.:c of possible synergists or antagonists of ocstrogenic activity may -
validate conclusions derived from experiments based upon bicassay figures. In addrtion,
Marrian & Bauld [1951] have critictzed the chims of Smith & Smith [1941].

Values for the ratio of urmary oestrogens to oestrogen antagonists or their metabolites
(rather than ocstrogen values alone) may give a truer biochemical assessment of the
general, physiological oestrogen state in man. With this prnciple m mind, Salter,
Humm & Oecsterling [1048] measured ratios of urinary ocstrogens (‘oestroids’) to
neutral 17-ketosterords in man. Szego & Roberts [1953] have shown that cortisone and
cortisol {Kendall's compound F) exdubit antagonism towards the biochemical and
physiological effects of oestrogen on the uteri of ovaricctomized rats. Since improved
nethods for the quantitative estimation of oestrogens and other steroidal metabolites
are now avatlable [Engel, 1950; sce also review by Licherman & Teich, 1953 ], the work
of Salter et al. [1948] should be extended to melude ratios of the urinary adrenocortical
steroids to ocstrogens.

The objects of the present work were:

(1) Development of improved methods for the extraction of urinary ocstrogens, acidic

and phenolic compounds

(11} Complete analyses by paper chromatography of urinary extracts containing these
compounds,

(ui) Study of factors influencing the composition of the urinary extracts.

(1v) Investigation of the effects of acid hydrolysis conditions on aaid-labike oestrogen-
oestradiol-17¢«.

METHODS
1. Preparation of extracts
Twenty four-hour collections of urine were preserved by the addition of s ml. of
both chloroform and acenc acid. Sx-hr aliquots of urine were hydrolysed according to
Methods A, B, C,, C,, D or E (below).

Method A .
Six-hour aliquots of 24 hr collections of urme were subjected to iydrolysis by boiling

under a reflux condenser for 30 mumn after the addinion of 15 vols. % concentrated HCL,
and a small volume of benzene. The cooled hydrolysed urine was saturated with NaCl
and extracted four times with 1es quarter volume of ether. The ether extracts were
fractionated, ytelding Fractions IIV as shown diagrammatically m Fig. 1.

Method B
Urtntes were botled for 10 nun at pH 3, buffered 1o pH 6 2, and mcubated for 36 hr

with bacternal glycurontdase—(Sigma Chemical Company), using 100 mg/400 ml. of
unine. Enzymuc acuvity after the 36 hr hydrolysis period was checked by meubation ofa
sample with phenolphthalem glycuromde. The hydrolysed urine was then adjusted to
pH 1 and fractionated according to Method A and Fig 1.

Methods C1 and C2 i
Aqueons solutions of urinary sterowdal conjugates were prepared according to the

method of Edwards, Kellic & Wade {1953]
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RESULTS
(A). Chromatography of Fraction I (Method A)

An aliquot of urine equivalent to fmm ~~ ~ —- ofa 24 hr collection of human urine
was used. 2000

Frg. 2 and the accompanyimg key represents the total number of compounds found in
200 human urines, which were detectable with tests 3-5. Far fewer compounds were
detected on chromatograms of Fraction I obtained from human patients and rats fed
highly punfied dicts (csscnmlly free from vegetable components) than when a more
complex diet was given. It is interesting to note that a methylated phenolic acid—
vanillic agd—was detected in Fraction I (method A—punficd dict), thus recalling the
work of Maclagan & Wilkinson [1951} on the in rivo methylation of n-butyl 3 : 5-
duodo-4-hydroxybenzoate.

- et

201 KKl $7°C {T) S4em Hiw

‘
-”/
@
@9@

68 © %9@ a*

CoMy (CHICOOM+ H70) (1) 24¢m 10} b

Fig 2 Map of phenolic acds found m Fraction |
Key
Colour of the dyes (Test 4)
Compounds s, 6, 17—ycllow
Compounds 15, 16, zs—orange-yellow
Compounds, 2, 7, 18, 19, 22, 24, 27, 28, 33, 37—orange
Compound 8—ornge-puk. ;
Compounds 12, 14, ZD—P:AIC pink
Compounds 3, 10, 21, 26, 29, 32, 34~—red
Compound 9—~magenm
Compounds 11, 23, 31—volet
Compounds 4, 13—mauve

Compound 36 (Test s}—yellow fading tv greyish blue
Compound 38 (Test 2)—gocen Roresence becoming pik-magene mcolous on long anding o afce
est 3
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was used to depress the formation of emulsions durng the extraction of the urine with
cther.
Method E

Method Ct (enzymic hydrolysts) but with fractionation according to method D 15
under mvestigation

I, Paper chromatography
A Techuiques employed

Some of the paper chromatographic methods used have been described brrefly else-
where [Boscott 1952, 1954; Boscott & Bickel, 1053; Boscott & Cooke, 1954]. The
essential features of the methods used are recorded m Figs. 2-8. Whenever possible, solu-
tions of electrolytes were used mstead of orgamic solvents for the development of the
paper chromatograms. The use of electrolyte solutions saturated with an organic solvent
~see Figs. 2. and 7— as “single phase” systems prevents the formation of diffuse ocstrogen
zones obtamned when only the electrolyte solution 15 used. A solutton of 5% sodium
formate m water at room temperature may be used 1nstead of 209 KCl at 34°C for the
chromatography of Fractton I.

Paper impregnated with a salt or other compound which 1s apprectably soluble n one
component of a nen-aqueous developing solvent mixture may be used for the chromato-
graphy of many compounds with poor solubility 1n aqueous stattonary organic solvents
commonly used as the stationary phases in conventional paper chiromatography.

The hydrotropic agent, sodium p-tolucnesulphonate, 1s appreciably soluble in ab-
solute methanol, but only slightly i tolucne. Whatman papers Nos. 542 or 3MM were
therefore sprayed with a halfsaturated aqueous solutron of sodium p-toluenesulphonate,
leaving a 1 m margin unsprayed. The papers were dried and the urinary oestrogen
extracts applied to the paper 1n acetone solutton as narrow bands 1 m. from the unsprayed
margm of the paper The unspraycd edge of the paper was placed m the developing
solvent—1 vol absolute methanol to 9 vols. toluenc—without previous equilibration;
chromatographic development then proceeded by the capillary ascent techmque.

Usmng paper No, s42, chromatogram development took 12 he for 30 cm development,
whereas the thicker paper No, 3MM took only s hr. An extension of this techmgue
shows promse for the chromatography of neutral sterords and may be regarded a5 a
developnient from the methods of Sakal & Mentll {1953] and Boscott [1952]

B. Tests for locatig compounds on chromatograms
Each chromatogram was nvestigated by the following tests i the order given.

1 Fluorescence of the compound at neutral pH i UV Iight (Mercury vapour lamp with
Wood's glass filter)

2. Fluorescence and colour development with mucrodrops (1 mm diameter) of 90%
(v/v) H,SO, spaced at suitable mtervals.

3. Fluorescence and colour changes after spraymg with 9% Na,CO; solution

4. Formation of azo dyes by spraymg with a sodm carbonate solution of diazotsed
p—amuxophenyldxedxylammoethylsulphone (LCL s091).

5. Colour changes after spraymg with 28-KOH shortly after test 4.
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20%KC) 37°C (50em)

Cols {CH,CO0N +H:0) Tat dewolopng
sclvent 22cm (Ithr)

Fig 1 Map of compounds found in Fracuon I, Method A, humun urine - Capillary ascent technque

Key to Fig 3*
Test Number
Spot Number T 2 3 4
Reaction gaven
: BR(C) YG(F) ORY(F)  — _
PV(C) Y(C)
2 Ocstrol G {f,;((é OR a4
3 v(c) — - . -
4 B(F) - — _
3. R —
6 OR(F) - — OR -
7 Y(F — — — -
8 B(F — — — —
9 B(F) - — - .
BG(F; — —
10 B(F) — Y ((:))
n G(F - BW(E)

[

i<
=
<
3
|

1 OR(F) — R(C)
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Key of Fig 2 (continued;
Tdutity of the componnds, where known !

Compound
4 —feruhe acd
10 —vanillic acd
14 —shydroxy-B mdolylicetic acid (tentative)
18 —4-hydroxybenzoe aad
PY R S S v VAN
26 o T
28 . to. !
3 -
30 - e Pe oL e
33 —s-hydcoxyphenylpropionic acd

36 —phenyIpyruvic aaid
18 — B-mdolylacetic aced

The significance of the tyrosinc and phenylalanine metabolites Nos. 24, 26, 28, 20 and
34 has been reported previously or is in press [Aterman, Boscott & Cooke, 1953; Boscott
& Buckel, 1953; Boscott & Cooke, 1954]. The excretion of these compounds is influenced
by conditions with abnormal ascorbic acid metabolism, arthrtis, gastro~mtestinal dis-
turbances, certain anaemias, pregnancy and lver disease. The excretion of compound 25
was found to be greatly mercased in a case of essential hypertension. Compound 36 was
observed only m phenylketonuric urme, as also was the vastly mereased urinary excre-
tion of compound 30. The tryptophane ot tyrosine metabolite [Robinson, 1952)
s-hydroxy-B-ndolylacetic acid {compound 14) has been observed m greatly mereased
amounts 10 urines from a small number of patients with both steatorrhoea and fiver
disease as well as one cancer patient with metastases 1 the liver. Compound 38—
B-mdolylacetic acid—was detected (test 2) 1 abnormally high amounts m chromato-
grams of urines from patients wath steatorrhoea and other gastrointestnal disorders

Marnanolic acid has not been detected 1n Fraction I of the late pregnancy urines
examined. i present 1n amounts of from o.5-1 mg/24 hr specimen, it would have been
detected close to compound 8, and given test reactions simular to oestrrol (Fags. 3 and 4)
(B). Chromatography of Fraction IT (Methods A, B, Ct and C2)

An aliquot of from one-tenth to one-foruteth of a 24-hr urme collection was used for
the paper chromatography by the methods mdicated 1n Figs. 3 and 4. The type of com-
pounds detected is indicated 1n the keys accompanyng Figs 3 and 4. Fraction Il (method
A) contaned many more components than Fraction II (methods B, C1 and Cz)

Fraction II (method B and C1), chromatographed on paper strips using 10% KCI
saturated with n-hexyl ether as developmg solvent, contaned several compounds givimng
posttrve reactions with alkaline tetrazolum reagents. With the chromatographic devel-
oping solvent used cortisone and cortisol are known to have Rf values considerably
Tugher than oestriol. Oestriol was detected readily i late pregnancy urmes by this
method, concomtant purple and red pigments bemg easily separated chromatographic-
ally.
Five-substiuted hydantoms anising as actefacts from the condensation of urea with
certan a-ketoacids may occur n Fraction II (method A) but not m Fraction If (methods
B and C) [Boscott & Bickel, 1953] The chromatographic detection of some of these
compounds 15 shown m Fig. 4 s-(4-hydroxybenzal)-hydantom ansmg from urea and
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s-hydroxyphenylpyruvic acid was found in abnormal amounts in chromatogramss of
acid hydrolysed urines from most patients with disturbed ascorbic acid metabolism,
nutrinonal deficiencies, toxacmia of pregnancy and hiver discase. Indeed, Felix [1944]
has employed test doses of 4-hydroxyphenylpyruvic acid as a hwer function test in
humans.

A number of compounds give green fluorescence and pink colours with 0% sul-
phuric acid (test 2) remumiscent of the Kober reaction for oestrogen (see Fig. 3). The
cffect of dilute HC on the compounds detccted would serve to diffecentiate ocstrogens
and other compounds from those giving a green fluorescence mercly in responsc to a
change in pH. The interaction of the compounds detected, wath the cellulose of the
paperand the acid used, may m part be responsible for the reactions given.
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Fig 4 Chromatography of unnary ecstrogens m Fraction If
A Whatman paper No 542 Deselopmg solvent—2% K,CO, (31 em)  Capillary ascent & chruque
B Developtng soh ent~-16%5 KCl i water saturated with N-hexyl cther
Key 2,3, 4, 3, Test umbers, F—Fluorescence SH—Shadow, C—Colour, O—Odour, B—Blue, BG—Blussh
green, BV~Blush violet, BR—Brown, G—Green, P—Puk, R—Red, OR—Orange, OR-P—Onnge
pink, Vo-Violet, Y—Yellow, M—Mauve, SR—Satmon red, SW—Swect, WB—Whitish blue N

The polyphenolic compounds 29 and 43 {pyrocatechol, method A) are excreted
generally m abnormal amounts by patients with nutnitional deficiencres, hiver disease,
aplastic, mierocytic and reft y megalobl Compounds 41, 52,53 and
s4are frequently obtamned from the urines of panents with steatorrhoea (method A).

IntAercﬂ attaches to the presence of resorcinol, compound 46 (yellow dye test 3) m
Eraction I, in view of 1ts antithyroid properuies [Amots & Donzach, 1952] Relatively
large amounts of resorcinol are found occastonally 1n urmes.

Rfvalues of polyphenohc compounds are grven m Table 1.
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Test Number
Spot Number 1 2 3 4 P
® © {”(F)
14 BV(F’ PV(C
e hydroxybenzalhydantom
N -] roxybe: anto:
B(F) s Z_. il )’—
1. BV(F) — {
¥(C) - -
16 B(E - YG(F) - -
17 BVZF) — — — _
1. BV(F) YG(F) BE - -
P(C) i - Z
> - {dn
20 - G(F) — - —
21 - G(F) — R -
22, BN(F) YG(F) — ER "
2 - — _
i v(F) B(F) 32/1:()17) or® -
P - GfF A - -
i: V(F) —( ) V(F) — —
28 — — BG(F) R —
29 ;(F) — — GRM M
o - — _ —
: L
2 — —_ —
3 — - BV(F) - _
i - - o z
% - - GR-?R%E)) — -
— — R(C) R — —
3 = - T R -
39 —_ — s(C) \' —
40 V(F) G(F) B(F) — -
41 G(F) 2O — - -
:; Pyrocatechol  — = BG(C) — -
14 — — BG(F) — —
_ B(F) Y s
45 Y(C)
4 — YG(F) G(F) ¥ s
@ - e v(©) Z -
K - z S =z
b — — OR —
st - -
52 G(F) — —_ -
53 G(E) - - - -
54 G(F) - -

*For abbreviations see Fig 4
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Key of Fig s.*

Test number
Spot Number 1 2 3 4 s
Reaction gven
1 BR(C) — - -
2 = o = - -
r ) = — SOR -
N BG(F) — YG(F) - -
13 BG(F) - G{F) - = -
7. - - - R -
N B{r) — - - -
OR(F) G(F) - - —
Y(©)
U{0]
10 —-( ) — BV(F) - -
. — - ¥(C) - -
12 —V(F) - B(F) - -
. B - — = -
:: OR(F - —(C) R -
150 (F) - 56 - -
16, DV(F) — {
BG(C)
17. OR(F} — P(C) - -
18, B(F) - — - -
19 - - B(E) - -
20 — — B{F) — —
a 0 - z on z
2. - — — R —
24 — - V(F) - -
V{F, — — — _
o e ~ G(F) - _
27 G(F) — —_ — —
28 SH — - _ _
29 - - B(F) - -
30 — - V(F) - —
B G(F) —~ = — Z
32 SW(0) — — — —
33 G(F) — — — —
34 - — - OR -

*For abbrestions see Fig 4

compound 4 m relanon to hver discasc In general, chromatography of Fraction I
(method A)—from Liver disease patrents—revealed the presence of a harger number of
fluorescent compounds than was found 1n Fraction II (method A) normal urnes.
Qccastonally three compounds giving on paper a green fluorescence with 9o% sulphuric
acid, similar to oestrogens, were detected m this fraction. The possibility that the parti-
tion coefficient of oestradiol and oestrone distributed between benzene and 9% sodium
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Table 1. Rf values of polyphenohe compounds

Paper: Whatman No. 542
Developing solvent: 10%, KCl solution in water
Distance moved from origin, by solvent: s0 cm

Compound Rf value Mecthod of Detection
Hydroquinone 0.73 Test 3. Brown colour
. Test 4. Yellow
Resorcinol 0.70 Test 5. Sahinon
Dyrocatechol 069 Test 3. Blue-green colour
4-Methyleatechol 066 Test 4. Violet halo
Toluhydroquinone 064 Test 3. Brownish-violet colour
3—Mclhylc:\tcchol 0.64 Tese 3. g:?;:’\nﬂf:;l?c‘:;cucc
Pytogallol 0.62 Test 3. Brown colour
o 1 0.6 Test 4 Yellow
o -00 Test 5. Yellow
: Test 3 Blue-violet fluorescence
Phloroglucinol 053 Test 4. Yellow
Test 3. Violet fluorescence
Protocatechme and .40 Test 4, Magenta 1 .
N Test 3. Yellow colour green fluorescence
Galhe acid 0.38 Test 4 Brown )
. , blne-violet
Naphthoresorcinal 0.22 ;ﬁ:: : ‘%rﬁg‘gvc colour, bluc-v

(C). Chromatography of Fraction Il {methods A, B, Ct and C2)

The compounds found 1n Fraction III (method A) are illustrated in Fig. §. Fraction m
(methods B, Cr and Cz) contained fewer components than Fraction III (method A).
Comments have been made [Aterman, Boscott & Cooke, 1953] on the sigmficance of

20% KEY 37°C (34em}
"

“orgin
Hg (CH5COOM +Hz0){22em)
1 Nhe

Fig 5 Map of compounds 1 Fractin T, Method A, ‘Whatman papes No 542
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carbonate may be modified by the hydrotropic action of abnormal amounts of other

compounds extracted by sodium carbonate, should be considered, especially in view of

the comments by Bates [1952] on co-solubility phenomena influcncing the extraction of

ocstrogens from organic solvents.

(D). Chromatagraphy of Fraction IV {methods A, B, Ct and Csz) and Fraction V (methed D)
Representative chromatograms of these fractions arc illustrated in Frgs. 6, 7 and 8.

fgezrvs ]" ’
Joara

S

e

V& Or.vv-] AS- Cestrone

'
3ome, Loomaa s [orstnac-ne
PEECEVE ot tradnl e

oD
o)
] cautens GD | s
=

Turs EED
— T Byt 2oy s
ars

Reference Oestradiot-17a  FractionIT Fraction T FragtionIZ
Compounds After treatment  Method 1 Methad Cp ethod 8

with IS volsLRCt Syntheticdiet  Toraemia. Tonaerua

nythetomune of of
Maleagad 4yrs  pregnancy pregrarcy

Fig 7 Chromatograms of urinary oestrogen fractions and reference compounds Whitman paper No 542 Deseloping
solvent—s2; K,PO, m watcr, sarurated with N-butanol Capillary ascent eechrique {10 cm)
(For key, see Fig 4.)

Rfvalues of the oestrogens with two of the solvents used are given m Table 2.

Equilenin 1s valuable as a reference marker on the chromatograms m view of the
strong violet fluorescence 1t gives with alkalr (test 3) and the characterstic red colour
{testa)

, So'rulc‘rlir}cfecn components have been observed i Fracttons IV (method A) and V

these tractions.

. Thg ch graphic methods 1l d m Fig. 6 were used pnmanly for the
of compound; pantymg the ocstrogens rather than the oestrogens them-
selves, which were not separated in sufficiently restricted zones Compound 17 (Fig. 6)
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- Butanol equitibrated

with 207, K370 solution 2zem

OO  Cee

T developing solvent
O‘I.K;Po‘ selutron saturated with N-Amylalcohol 35¢m

Fig 6 Map of compounds 1n Fraction V, Method D, obsamed from human pregnancy urne

Key of Big 6*
Test Number

Spot Numbcr 1 2 3 4 s
BR(C)
T PV(C) G(F) — — _
OR(F)
2 OR(F) — — R _
3 G(F) - — SOR —
B{F) _ — ) -
4 BRC — — — —
s BV(F) — — - —
6 BV(F) — — — —
7 BV(F) - — - -
8 B(F) — = = _
o B(R) — — R —
— (F) — OR 13
10 Oestriol - e - o n
11 Oestradiol-17f — gég - or vy
12 Oacstrone 'i’ R(C) - = =
13 V(F) YG (weak)  — — -
G(F — — - -
o Be) - - PV (funt)
16 — _ OR _
1 BR-Y (fant) { p(CW, WBr — Y
18 — P 4
1 5W(0) — — —

*For abbreviations see Fig 4
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©
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wtema Gs:
Oest. o%ve ez
5
Cvi et evs ’_ ade  fu
Equilenin M35
vEs Re
o3 {@ °l1'é;m]
ks 85 2nk01
o ] D)
Mo @
53 11 D)
a
N NP2 1 o2
PYs muu ‘A wmx[
16-Ketooestradwol 172 nlvl "“"“""Ocn
GF2 (stable) Pnetrant)
Qestrut 2| ..... —
—forares i ‘% o

sucngloe BV Geteadiol-lls  Fracton®  FractonIZ  Fracton I
sfter HCI Method D Method Ca Further purfied
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Fig 8 Chromatograms of urnary ocstrogen fractions and referenice compounds Whatman paper Ny 542, impregnated
with Na-p-tolucne sulphonate Developing solvent—g vols toluene + 1 vol mcthanol Capillary ascent technique

{30.cm), s hr
*For abbreviztions sec Fig 4

fAuoresced a brlhant sky blue ate illustrated n Figs, 7 and 8, Further experiments of a
similar nature may Iead both to a better understanding of colour and fluorescence re-
actions for the sterordal ocstrogens and to the recogmition of factors leading to the des-
truction of oestrogens during urinary acid hydrolysis or extraction procedures.

DISCUSSION

Judging by the variations i composition of haman urines, 1t would appear improbable
that consistently good recovertes would be achteved of 10-200 p.g amounts of steroidal
oestrogens added to the unne prior to aad hydrolysis The different amounts of protein,
carbohydrate, polyphenolic compounds, 1ron and copper encountered 1 urines of pat-
tents with different pathologcal conditions might mfluence the degree of destruction of
unnary ocstrogens subjected o hydrolytic and extraction procedures. Indeed, the addi-
tion of zmc to the actd hydrolysis medium [Smllh 8 Smuth, 1941] would destroy hughly
reactive carbonyl compounds—for and aldehyde derivatives from
sugars—which would otherwise react with the phcnohc oestrogens The zinc would also
remove traces of copper present which would tend to catalyse the oxidation of poly-
phenolic and other compounds to reacuve quinones
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Table 2. Rf values of aestrogens

R values
Method
‘Whatman Paper No 542 | Whatman
2 paper No 3MM
Compound 1mpregnated with
Developing solvent— sodum p-tolucne
5% K4POy saturated sulphonate,
with N-butyl alcohol Developmg solvent—
Tolucne-methanol (9-1)
Oestriol o N
.40 2
16-Keto-ocstradiol-17 0.40 g ?;
Oestradiol-17a 030 a21
Oestradiol-17p 028 o
Qestrone [ 5
3s
A®=Qestrone 026 gi;
Equilin o630 047
Equilenin o2z 0.46
Violet prgment
(Fraction IV (Method A)) 000 0.08

may concetvably give a colour with the Kober reagent in view of 1ts reaction with 90%
sulphuric acd on paper {test 2}

Fig 7 shows diagrammatically chromatograms of urmary ocestrogen fractions, the
components bemg detected by tests 2, 3 and 4. The developing solvent was prepared by
equilibrating 300 ml. of 5% K,PO; solution with roo ml. of n-butanol. The resulting
more agqueous layer was used as the mobile phase.

Fig. 7 illustrates the use of paper impregnated with sodium p-toluenesulphonate and a
non-aqueous organic solvent mixture for the chromatography of Fractions IV and V.
Tests 1-5 were apphed to the chromatograms A compound closely resembling 16-keto-
oestradiol-178 in Rf value, and fluorescence reactions {test 2) was detected m Fraction IV
(method C2) late pregnancy urine, but not m urmes from a small series of normal m-
dividuals and from one patient with hepatits, Other compounds were also detected m
the same zone as the t6-keto-oestradiol-178 like matersal by tests 1 and 3

E ¢ . - . . . i I S L. . o 1

( ’)' e e et o' % " s oestrogen waith acid for
30 Lde e BV Lt i i o+ udied chromatographic~
ally (Figs. 7 and 8). The actd solution of the oestrogen rapidly assumed a pmk colour
duning boiling and fluoresced a brilbant green in UV light Towards the end of the heat~

PR e =1 s mnnlinn Tha calonr reaction so obtamed
was sat-
ts which

Urated WILL INAUL auu Latacices o - .
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Samples of the many reference compounds wsed in these studics were donated by
Dr K. Miescher (Ciba), DBr C. Djerassi (formerly Syntex), Dr W. J. Tindall (Organon),
Dr E. Hartley (B.D.H. Ltd.), Dr E. B. Hershberg (Scherings, US.A.), Dr M. Huffoun,
Prof. E. Ledcrer, Dr J. B. Jepson, and Dr H. G. Bray.

Generous supplics of .C.1. 5091 were provided by Dr F. L. Rose (I C.L).

Theauthoris greatly indebted to Miss A. M. Cooke for valmble technical asvistance.
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DISCUSSION

Dr Hannelore Braunsberg- Have you found that samples of commeraal oestriol contain
any fluorogeruc impunty?

Dr Boscott. In qur samples, as far as I remember, we only get one component, but we
have seen trace impurities n some of the other oestrogens. We find, for example, some
traces of equilenin n some of the ocstrone samples, and we found a trace impurity m a
sample of AS-oestrone, and also a trace mpunty mn our 16-keto-«-oestradiol. I also
recall having separated from crude ocstmol obtamed from pregnancy urine, a few
crystals of a compound with a meltng pomt at least 2°C hgher than that of oestriol.
This compound gave colour and fluorescence reactions very stmular to oestriol More
recently we paper-chromatographed thus material and found that this *oestriol’ always
produced a tarl, whereas pure oestriol formed a mce compact spot. We suspect that the
tail may be ascribed to part of the impurtty present.

Dr Swyer- That is most mteresting to us. We never succeeded m obtarung a sample of
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Veldhuis [1953] has reported good recovertes of oestriol from a few micrograms of
ocstriol glycuronide added to plasma and hydrolysed wth bactersal glycutomdase The
present writer has encountered some urines which inactivate B-glycuromdase more than
others It is therefore advisable to test the urine (with phenolphthalein glycuronde) for
remamning enzymic activaty afier the standard period of enzymic hydrolysss has taken
place. The addition to the urine of the enzyme in several portions at mtervals, rather than
all at once, appears to be advantageous. The use of an inert atmosphere i the enzyme
hydrolysis vessel 15 recommended to obviate the autoxidation of the liberated urnary
components. The enzymic method of hydrolysis of ocstrogen conjugates used in con-
jumetion with the method of Edwards, Kelhie & Wade [1953] for the extraction of urinary
steroidal conjugates, may prove to be the method of choice in the study of urmary
oestrogens, since the destruction of labile compounds would be minunsed, and few
artefacts would be fornied. A disadvantage of the enzymic procedure appears to be an
ncreased contammation of the oestriol (Fraction 1) with compounds—presumably
adrenocortical sterordal metabolites—grving positive reactions with alkalne tetrazolim
reagents. The use of Engel’s ocstrogen extraction procedure [1950] would munimize
contarmmation of this nature, but would lead to destruction of alkali-labile oestrogens
1f such exist. Method II, C2 is preferable to method A 1f 2 non-enzymic hydrolysis tech-
nique s resorted to Fewer artefacts are then produced.

The smaller number of components found 1n Fractions I-IV from human patients and
experimental antmals fed synthette or purified diets leads to the conclusion that these
drets should be given when metabolic studies on 1sotopically-labelled oestrogens are
undertaken. The 1dentification and recognition of the urmary non-sterordal metabolites
of oestrogens would then prove less difficult, since minimal numbers of extrancous
compounds unrelated to normal body constituents would be encountered.

In the present studies, scveral unmary components have been 1dentified by classical
means, others have been recognized by feeding specific precursors. Paper chromatography
using tests -5 and supplementary microchemical tests, and the use of reference com-
pounds have led to the tentative sdentrficatron of the compounds detected mn human
urine.

The studies on oestradiol-172 may prove of mterest n relation to the mechanism of
the Kober and fluorescence reactions for oestrogens. Further, stmilar studies are w
progress on the compounds produced when oestrogens are treated wath mineral acids.

An extenston of the work of Slaunwhite, Ekman, Engel, Nathanson, Pmcus &
Carlo [1951), but based on paper chromatographic rather than countercurrent separation
of oestrogen fracttons, and their bioasszy, are required for a more complete under-
standing of the nature of urinary oestrogens.

“Fhe author wishes to thank Prof S Zuckerman for encouragement m this research

The clinical materal was kindly made available by physicians of the United Breming-
ham Hospitals Group, m partrcular Prof. H. C. McLaren, Prof A. P. Thf)mson, Dr
W.T. Cooke, Dr H. Bickel, and by Dr K. Aterman. Dr C. E Dent (Umaversity College
Hospital, London), provided urtnes froma child recerving a synthetic det.



EXPERIENCES WITH OESTROGEN DETERMINATION
BY FLUORIMETRY AFTER SEPARATION BY
PARTITION CHROMATOGRAPHY

By HANNELORE BRAUNSBERG, MARGARET I. STERN and
G. L. M. SWYER
From University College Hosputal Medical School, London, W.C1

MLTHOD

The method used m our laboratory for the determmation of ocstrogens m body fluids

consists of three parts:

I. Hydrolysis, extraction and partal purification by partinon between several pairs of
sohents

Il Further punfication of the phenohe material by partinon chromatography on a
celite column.

1IL. Fluotimetric estimation of ocstronce, ocstradiol and oestriol in the three fractions
obtained.

The techmque wall first be outlined, and then the sigmficance of the results we have so
far obtained will be discussed

TECIINIQUE

For urme, the hydrolysis and extraction used is essentrally that desenibed by Finkelstein
[1953]. The ocstrogens arc Iiberated from their conjugates by boiling wath concentrated
hydrochlonc actd (15 vols /100 vols urinc) and are extracted wath ether, after saturating
the aqueous phase with sodim chlonide. The ether extract 1s washed to remove strongly
aadic compounds, reduced to a small volume, and extracted wath aqueous N/1 caustic
soda. The pooled aqueous extract 1s adjusted to pH 8-9 and extracted wath ether. The
residue obtamed after evaporanon of the ether contams the weakly acidic matenal
mcluding phenols.

The phenolic residue 15 further punfied by partition chromatography on a celite
column contamning aqueous caustic soda as stationary phase The solvents used for elution
have been modified to yield purer ocstrogen fractions. Instead of benzene [Swyer &
Braunsberg, 1951] 2 mixture of benzene and petroleum ether (4 1) 15 at present being
used for the clution of vestrone and oestradiol, and the 3 1 chloroform-butanol mixture
[Stern & Swyer, 1952] has been replaced by 2 17 3 chloroform-butanol muxture. The
elution pattem was found to vary with temp ¢, and chr phic sep 15
now carried out at 22° + 0 5°C The flow rate should not be faster than approximately
0.5 ml./mun to ensure equilibrium on the column. Fractions of approximately 4 ml. are
collected by a mechanical fraction coll

A prelimnary flionmetric analysis (‘fractional marker assay’) 1s carried out on a small
aliquot, usually 1/8 of each fraction. By this means we are able to ascertain which of the
41
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pure oestriol. We suppose that all oestriol samples produced from pregnancy urme are
impure, no matter how pure they are alleged to be. We wondered whether we could at
some stage of our own work obtain some synthetic oestriol, which might be frec from
this troublesome contaminant, as we suppose it to be.

Miss Stern: Might I add that we would be very glad to have some of this oestriol of
Dr Boscott’s, so that we could chromatograph 1t and sce 1f we get the same effect with
our own samples, and find out 1f1t is just one substance

Dr Hannelore Braunsberg: | would go a step further and ask for some of your crystals of
contammant, too, for comparison.

Dr Boscott: They are not absolutely free from other compounds; we have detected about
five or six trace impunties in the unidentified oestriol contaminant.
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the highest and lowest quantitics found durmg the proliferattve and the progestational
phases respectively are gaven (Table 3). In the same table are shown the results of ocstro-
gen determinations on the urines of various other female subjects.

Table 3. Urinary excrenion of oestrogens by fomale subjects {ng/24 hr)

- Subject Qustrone Oestradiol Ocstriol
Stramond's disease 33* Nore detected by Nore detected by
fractional marher fractional marker
assay assay
Oligomenorrhaca 30* Very small amount None detected by
) detected fractional marker
assay
Jaundice, aged 44 years; Free 2 03
sprder macvi, hydand cyst | Toral 164 1.3 1.3*
(proliferatry e phase of
cle)
Amcnorrhocea, aged 28 years, 13 29 34
tall, obese, acromegalic
features
Normal fomale
proliferanive phase (range) 3O-1LS Nil-17 5-41
rogestatronal phase (range)) 3191 0543 507
Acfxpo:c gyusm 29 10* None detected by
fractonal  marker
assay
Obesity, varthsm, aged 35 15 25* §*
years
Post-menopausal 13* None detected by 19 $*
fractional marker
ﬂsSJy
*Evid ‘quenc T fic fl

In pregnancy, the urmary oestrogens arc prescnt m grca\lymcreascd amounts, so that
methods far less sensitive than ours may be quite adequate. Indeed, before accurate
fluormetry can be undertaken, more than a thousand-fold dilution of the chromato~
graphed extracts may be necessary, even when only so ml of unine have been processed.
Table 4 shows some of the results we have obtamed

An attempt has been made to esumatc the ocstrogen content of a saniple of ovaraan
cyst fluid. After scad and alkaline hydrolysss, followed by extraction and chromatography,
no oestrogen could be detected fluornmetnically. To another aliquot 20, 30 and 50 pg
of oestrone, ocstradiol and oestrsol respectively were added, followed by the same pro-
cessing, recovenes of 20-50% only were obtamed, The reasons for these losses are being
mvestigated for they are most germane to the problem of blaod oestrogen assay.
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strated; four showed some quenching but no ‘non—spcciﬁc' fluorescence; while twenty-
four showed quenching and the presence of some Auorescent mmpunty Of twventy
determinations on pregnancy urines, thirtcen were satisfactory, two were quenched
without non-spectfic fluorcscence, and in five there was both quenching and non-
spectfic fluorescence. Finally, of eleven determumations on male uemes (mcluding those
of two boys) only two were free from inserference and nine showed quenching in
the presence of fluorescent impurities, We are still mclined to be rather suspicious of
the results of any deternunations m which mterference with fluorescence can be demon-
strated, though the errors may sometimes be quite small. Further attempts to obtam
purer fractions—such as the usc of mmproved solvent mixtures for chromatography
already mentioned—may lead to a high proportion of satisfactory results. With a
haghly sensittve fluorimeter it is sometimes possible to ‘dilutc out’ any quenching sub-
stances.

RESULTS
Table 2 gives the results of ocstrogen determination on the urines of varous male
subjects. Clearly, many ‘normal males” are needed before an adequate bascline 1s estab-
lished Morcover, deserminations on successive daily outputs must be made before the
day-to-day variation can be assesscd

Table 2 Unnary excrction of vestrogens by male subyects (ugf24 hr)

Subjeet and age Oestrone Qcstradrol Ocstriol
African (28 years)** 5.5% None detected by st
fraconal  marker
ﬂSSﬂy
Afuican (29 years) 11* » " 15 6%
Afnican (39 yeats) 7 8% » - 33
Boy (9 years) 27 18% None detected by
Xdzposc g}’msm fractional marker
assay
Boy (12 years), N
Adipose gynism approx 4 13 » -
dence of quenching andfor non-specific fuos

#*Unine extracted with catbon tetrachlotide, 3 poor solvent for oestradiol and oestnol

So far we have been able to carry out only a pilot survey of the urimary ocstrogen

cen undergomg con-
sveration durine the menstrual cycle. Suce our met‘h?ds have b n underge _Wgﬁlmm
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DISCUSSION

Miss Harlow: May Task Dr Swyer how he detected the background fluoreseence between
oestrone and oestradiol. How do you know that it was not one of thosc two compounds?
Isita different colour?

Dr Swyer: With pure ocstrone and ocstradiol there was pracucally no background
fluorescence between themaatall,

Muss Sterne T think in this case there was only one cluate tube between the separations,
and it probably contained a nuxture of a small amount of oestrone and a small amount
of oestradiol overlapping.

Miss Harlow: We also found the different substance Dr Braunsberg mentioned with the
ocstriol (from Organon). How do you account for the higher than 100% recovery of
oestriol?

Dr Swyer' Tam not sure that we can [ would regard it as an expenimental error.

Miss Harlow: We have found that also. It 15 rather surprising, sceing that part of the
ocstriol added was removed wath the greenish background fluorescence.

Dr Swyer: Itall depends upon this question of what appears to be non-specific fluorescent
matenal which contaminates the ocstriol, and until we are able to chromatograph some
really purc oestriol, 1do not think we shall have the answer to that part of the problem.
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Table 4. Unnary excretion of vestragenss in preguancy

Subjectand
duration of pregnancy Qestrone Qestradiol Qestriol
(wecks) (ug/24 hr) {mg/24 hr)
22 180 11 33%
22 40* 03 2
*
Krohn's duease< 27 108 5% $65%
30 204 19 1235°
33 240 124% 12 (approx )
Pre-cclamptic (28 193 35 5% 1.2§
toxacnua 34 230% 36 4.7

*Evidence of quenching andfor non-specific Suorescence

DISCUSSION

Further studies must be directed, not only towards obtainmng far more values m
normal and abnormal paticnts, but also to a number of technical detals We lack data
on the optinum conditions for hydrolysis and extraction. Studies involving the addition
of known amounts of conjugated ocstrogens, before hydrolysis and extraction, are stll
needed  Although our present first mobile phase in the chromatography procedure
cffectsa better separation of ocstrone and oestradiol, the former still tends to be cluted too
carly so that the oestrone fraction from some extracts may be contammated. Further
sunplification of the extraction and ck graphuc procedure would obviously be
very desirable, though it 1s difficult to see how 1t can be achieved without loss of accuracy.

The use of a monochromator and a more intense source of light in the actual measure-
ment of fluorescence will, we hope, reduce the mcidence of mterference and background
fluorescence. Apparatus at present under construction should meet this need.

Oestriol has presented a special problem of 1ts own In the chromatograply of a
number of samples of oestriol from different sources, we have consistencly found that
the first eluate fraction contains a lughly fluorogentc substance, presumably not oestriol
The man fraction of the steroid 1s eluted m the expected place and the typcal pink
colour due to oestriol 1s observed when a sufficiently large quantity of the dried com-
pound 15 heated with phosphoric acid On the other hand, the first fraction gives a
fluorescence and colour more like that of cestrone and oestradiol when simularly ereated.
For this reason, we doubt the validity of all our oestriol measurements Tlus problem
still requires elucidation.

The clmical value of oestrogen determnations will nevitably be mited until adequate
methods for blood oestrogens have become avatlable The provision of these mighe well
be regarded as the ulttmate requirement n th field
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Oestrogensinunne during the menstrualeycle (ugfz4 hr) Comparisos ofthe methods of Brows and Banld

Brown Bauld
Subject | Dayof .
cycle Ocstriol  Qestrone Ocstradiol-| Ocstriol  Oestrone Ocstradiol-

178 178
W.M. 16 216 84 6.0 205 1y 6o
LR. 12 100 26 36 (¥ 8.0 1.4
EM. 15 186 00 78 190 2ro 60
DP. 20 98 188 6.2 s 16.0 4s
SA. 9 104 1y 39 ILs 9.8 s
ST 2z 527 13.3 3.8 127 170 3.8

Twas very mnterested m Dr Boscott’s paper. It was good to learn that someone has at
last commenced a thorough study of the nature of the phenols and phenolic acids m
urme. Such a study will be interesting 1n itself; st may also be of great importance to
those concerned in the determination of urmary oestrogens, since some of these sub-
stances may be ones which mterfere m the final deternunations of oestrogens by the
Kober or the fluorescence methods. However, I venture to suggest to Dr Boscott that
he should not be content with paper chromatographte methods. My view is that while
these methods are very valuable mdeed for prelmunary work, they are no substitute for
ssolation and identificanion by the classical methods of organte chemustey.

Dr Boscott rassed the question of whether we should be sansfied with deternunations
of oestriol, oestronc and oestradiol, and the same Question arose m Dr Swyer's paper as
wellas m the discusstons. I think w ¢ should not be satsfied. There ate vanious mdications,
the ones we heard this morming, and there are many more m the litcrature, that there are
oestrogens—or rather Kober chromogens—in urtne other than thesc three. These addi-
tional oestrogens must be tsolated and 1dentified and quantitantve methods will also have
to be worked out for them.

Dr Boscott also referred m hus paper to the Snuths’ zime-HCl method for hydrolysing
urine. There 15 no doubt that m this procedure there occurs a reduction of oestrone to
oestradiol and to 3-hydrotyacstratrienc. Possibly there may be also some mhibision of
oxadative destruction of oestrogens durmg hydrolysss, and I believe that Dr Bauld sughe
say that the zinc-HCI treatment may eliminate some of the substances which mnterfere
m the Kober reaction In view of the complicated nature of what goes on m this pro-
cedure I believe that we would be well advised to forget about 1t for routme determina~
tion of oestrogens 1n urme,
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(MORNING sEssION)

Prqf Marrian. T'want to start iy remarks by saying something about the first two papers
in the programme—those of Drs Brown and Bauld, Dr Brown was kind cnough to
mention my name m connection with the researches which he and Dr Bauld have been
carrymng out, but I want to make 1t clear that my own part in this work was actually a
very small onte. Just over four years ago [ asked them to try to develop a conventent and
accurate method for the determimnation of urmary oestrogens which would be sensitive
enough to be applied to samples of urme collected during the menstrual cycle. Apart
from making tlns nutial request I have contributed little 1f anything to their work.

My opmton of their work, which 1s perhaps somewhat biased, is that they have both
achicved something very well worth while. Working independently, but nevertheless
helpmg one another all the time, they have each devised a workable and convement
method for the reasonably accurate determnation of as little as 5 pig cach of oestriol,
oestrone and oestradiol m a 24 hr urine sample. Either of these methods can be used as a
routtne procedure for the daly determmation of oestrogens throughout the menstrual
cycle

Dr Brown was very cautious about the signficance of the values which he and Dr
Bauld obtained for the oestrogen excretton in men. However, there 15 constderable
evidence that the substances which they were measuring i male urmes were m all prob-
abaliry oestriol, oestronc and oestradrol, and therr recovery expeniments suggest that they
were determining these with tolerable accuracy I think, thercfore, that Dr Brown’s
remarks on this matter may have been somewhat over-cautious

Both Dr Brown and Dr Bauld had musgivings about using the Allen correction for-
mula for the clmumnation from their readmgs of the absorption due to the constderable
‘non-specific’ brown colour developed m the Kober reaction wath extracts from unines
of low oestrogen content I'shared therr musgivings, but my present view, based on their
recovery expertments, 1s that what may appear to some as a mususe of this colour correc-
tion 15 1n practice justifiable.

In the final stages of thewr work Drs Brown and Bauld carried out a number of
determinations by their different methods on the same urme specimens, and with their
pernussion I am showing you some of the results which they obtamed (see Table, p. 49).
In a few cases the agreement between the results obtamed by the two methods, 1s not
perfect, but m the majorsty 1t 15 amazmgly good, considering the minute amounts of
cestrogen which were being determned

I think that Dr Brown'’s results on the menstrual cycle are very nterestmg mdeed
Previous workers have reported a few studics on oestrogen excreton throughour the
cycle m which methods of rather dubious accuracy were used, but I believe that this 1s
the first e that a considerable number of different cases have been studied by means of
a method of proved accuracy. Tam eagerly lookmg forward to the tme when Dr Brown
15 able to study oestrogen excretion 1n mcnstsrual abnormalitics

: 4
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My sccond point concerns the Kober reaction. Lam very surprised to hear this coming
from Edinburgh, because I thought that this reaction had been well and truly interred
many years ago. I think it 15 a pity that after such precise and meticulous work in
chasing 1 pg through a tremendous flow sheet with excellent recovery, one should
wreck oneself on a reaction like this. May [ask—and this may have already been tried—
whether in the final methylation stage, after the ocstrogens have been separated and
purificd, it would not be possible to usc a labelled carbon, and so ncrease the sensitivity
of detection by a factor of ten or more? If radioactive methyl sulphate is unsuitable, acetic
anhydride might be used to give just that httle cxtra sensitivity to avoid the Kober
reaction,

Thuedly, Iwant to mention my personal, highly encouraging expericnce with gradient
elution, particularly in ethanol-benzene on alumma. I find that this sharpens the separa-
tions considerably. Tt may also help to get nid of some of the objectionable chrontogens
that can interfere in the Kober reaction.

Dr Reiss. Halkerston and Stich m our laboratory have had extensive experience with
extraction of the sulphatasc and glycuronidase from these molluscs, and so far have only
used them for the determmation of ketosterotds. The results arc very encouraging. One
gets about 30% more ketosterords by hydrolysis. And I was, therefore, very pleased
when Dr Kellie mentioned that he distrusts the very mtensive aaid hydrolysts of unnes
m oestrogen determmnations. So far, we have mvestigated only one urine with these
mollusc extracts, and were surprised to get far more ocstrogens after this hydrolysis
than after ordinary acid hydrolysis, bue that nughe have been just an acardent.

Dr Ratmey: In Prof. Zondek’s laboratory 1 Jerusalem 2 or 3 years ago®oestriol was
determined in two normal menstrual cycles by the method of Finkelstein, and the results
agreed very well with the results reported here,

One obscrvation rather interested us: the mncrease 1n basal temperature occurred at a
time when the oestragen value was the lowest for the whole cyele, one day later
oestrogen ncreased

About the questton of fluorimetry and the Kober method, | think 1t 1s sigmificant that
the method reported by Dr Swyer employs 85% phosphoric acid and not sulphunc
acd. This is very important because the Amenican workers got mto scrious difficulties
with sulphunc actd. The reaction with phosphonic acid 15 much more specific, and 1t
has very great advantages over sulphunc acid. By taking s ml of urine and employmg
the Hilger fluorimeter m the final determmation, one can get down to o ot or even
0005 g of ocstrone.

May Ialso add one word about the question of enzymic hydrolysts I know that Prof,
Marrian has strong views about this But 1t appears to me that to use aad and then to
spend many hours removing products formed by the acid Itydrolysts wastes consider-
able time. If an enzymic method can be utthzed 1t would be very encouraging.

Dr Boscott T would like to champion the cause of paper chromatography, as was done
by Bush at a recent Laurentian Conference In the paper chromatograms done by us we
have wsed five tests, each test guves different colours or different coloured fluorescences.
Lrght add that our LC 1 reagent gaves colours of azo-dyes ranging through the whole
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There are a number of points in the paper by Dr Braunsberg, Miss Stern and Dr
Swyer on which I would like to comment. If I understand the procedure used correctly,
one of the early stages in the puaification process 15 the extraction of the oestrogens with
N-NaOH from ether solution. This process would result m quantitative extraction of
oestrsol, but there would be very big losses of oestrone and quite appreciable Josses of
oestradiol

These authors must be congratulated on developing an cxcellent smglecolumn
method for separating and purifymg the three oestrogens in urine extracts which, I
believe, will be very valuable indeed. T also think that therr work on the technical side
of fluorimetry 1s of great fundamental importance.

I noticed that Dr Swiyer referred to the peak of fluorogenic materral which immed-

nately preceded the ocstriol peak on tharr chromatograms as being duc to ‘non-specific’
fluorogenic substances. It seems to me that tlus matersal may well be another oestrogen
or another fluorogemc substance related to the oestrogens. Tn this connection I should
mention that several workers in the Umted States have noted the prescnce of other
fluorogenic substances m urine extracts m addition to ocstriol, ocstrone and oestradiol,
while both Drs Brown and Bauld have detected the presence of a fourth Kober chromo-
gen
I think at this pomnt I should say something about the relattve methods of fluorescence
and Kober methods for the final determunation of the oestrogens The former method
has the great advantage over the latter m being considerably more sensitrve. However, I
know that 1t 1s the view of Drs Brown and Bauld that the Kober reaction s less prone to
interference by trace impunities in solvents and by ‘muck’ m the urine extracts, and for
this reason they deaided to use it m preference to the fluorescence method It would be
valuable 1f we could hear the views of others on this important pomt.
Dr Kellie Farst of all, T would like to add my congratulations to Dr Brown and Dr Bauld
for their excellent work. Only those of us who have tried to process 24-hr urme samples
over a course of three menstrual cycles know the tremendous amount of work that goes
1nto getting results which you can present m a matter of a few seconds.

There are, however, a few pomts I would like to raise I am not experienced m the
oestrogen ficld, but I would like to champion a very lowly animal, the marme mollusc.
There are two marme molluscs which exist m abundance on the shores of England—the
limpetand the perwinkle Drs Dodgson and Spencer have shown that these two molluscs
are a very potent source of aryl sulphatase. By a relatively simple process one can get
aryl sulphatase actrvity of the order of 4 X 10fu /g. The preparation i also a very good
source of B-glycuromdase, with an actwity of the order of 700,000 u /g, which 1s vastly
greater than one can get from any current American source It 15, moreover, very chcap
With regard to the vse of aryl sulphatasc, I notice that m the papers which have been
read, everyone rather gululy says, “We hydrolysed the conjugates by boiling with 15%
acd for 1 hr'. I suggest that this 1s very violent, and perhaps unwasc, as there 1s such an
excellent source of aryl sulphatase It may well be that, by using enzyme hydrolysis

instead of acid hydrolysis, by the time one gets through to apply the Kober reaction,
some of the troubles will disappear; perhaps there won't be sucha high blank.
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\luston m thinking that enzymic hydrolysis will give us pure extracts, because the
main source of chromogens scems t6 be phenolic material, which would also be
formed by enzymic hydrolysis

The final point: on gradient elution. This is unquestionably going to be the answer.

Hand when other oestrogens are isolated, and identtfied m the urinary extracts, obviously
there wall be a limit to how many columns you can have It scems to us that the method
which Prof. Motris has developed, for gradient clution on 3 single partition chromato-
gram of the three known ocstrogens, tmght well be advanced to the point to cover any
other related compounds that we migh find
Dr Boscott One of the points that I think should be looked into s the recovery of
ocstrogens from urmes relatively rich in protem and carbohydrate, because here we have
a lot of humin formauon, and one docs not know what the intermediates are in this
humin formation. Dr Bauld has shown that aldeltydes will mterfere in the Kober re-
action. Is it possible that furfural arsing from the reaction of acid with carbohydrate
durmg aad hydrolysis may possibly attack the oestrogens m these dirty urines? One
recalls the zinc and hydrochlonc acid values of toxaemic pregnancies being greatly -
creased, compared with ordinary hydroly sis. Is thus due to the destruction of compounds
arising during acid hydrolysis which would tend to destroy oestrogens, for example the
sugar and protem present 1n toxacemia of pregnancy unnes? [ think these points deserve
further mvestigation.
Dr Hannelore Braunsherg First Iwould hike to thank Prof Marrtan for his kind reception
of our compeutive cfforts 1 was rather surprised, though, to hear that normal caustic
soda is ot supposed to extract all the ocstrogens. I would be grateful for an indication of
the sort of losses we may have mcurred.

Sccondly, I quite agree that what Dr Swyer called the ‘non-specific fluorescence”
coming out before the ocstrone and then agan before the oestriol 1s interesting and muay
have considerable significance. But [am sure 1t1s due to a mixture of a lot of components,
because 1t comes with the very front of the solvent, and 1t would need further punfica-
tion and separation mto vanious compounds

Could we perhaps jom hands i this effore with the Edmburgh group? We are sull
rather m the dark about the validity of our results, and 1t would be very useful to us 1f
we could do some fluormetric determmations on the same samples as done by Dr Bauld
and Dr Brown, and sce whether we can get answers i the same regton "

Tam sure we will find a lot of the punfication steps of the Edmburgh group very use-
ful—although our problem 15 really quite different. We elimmate pethaps different
compounds, because they mterfere with the fluionmetric measurement, and not so much
because they produce a colour—we are not worried about any colours, because we use
such small fractions—and 1 am not sure how many of your steps were Just fo remove
colour.

Twould also like to say = word m defence of fluorimetric methods. First of all, T was
rather put off the Kober reaction when I read all the work done by Bandow 1n Germany
m the 19305 His work followed on Kober's first publication, I think, and he mves-
tigated a multstude of organic compounds of all kinds, mcluding stcroids, and found that
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of the spectrum, from yellow right through to mauve. By means of these relatively
specific colour and fluorescence tests I think we are pretty certain of the compounds
which we have idennified only by paper chromatography, but we have also tsolated
quite a number of compounds I described.

Dr Brown: One of the primary aims in developing our method was to produce something
which could be used routinely. The present method is not difficult and four of us do
forty to fifty determmations a weck, and have been doing so for the [ast 12 months. It
was partly for this reason that we preferred acid hydrolysis to cnizymic hydrolysss, 1t s
casier to fig nto a routine method and s free from the uncerramties of present enzymic
methods.

As for the flnorescence versus the Kober reaction, I spent about g months on che

fluorescence method at the same time as I was working on the Kober reaction, and the
reason for choosing the latter was that 1t was the first to yield satisfactory results with
urine extracts.
Dr Bauld: I would hke to comment on some of the pornts raised by Dr Kellie, I thank 1t 15
about time we changed the name of the Kober reaction It has been m existence now
snce 1931, and unul 2 years ago the mitial thing that happened when anyone worked
with the Kober reaction was that they modified 1t. In this period the Kober reaction got
a well-deserved bad name, because i cach laboratory there was an art of conducting
Kober assays—only one person could do 1t, and so on. I have spent over a year on Dr
Brown’s final modification and have found that a wide variety of factors—from the make
of sulphuric actd to the size of tubes used—affects it But after the changes resulting from
the year’s work, we are confident of the stabihty and reproducibility of the qumol-
aqueous sulphuric aaid reactron  As far as sensitivaty ts concerned, 1t s as sensitrve as any
other colour reaction 1 the hteratare, though much less sensitive than the fluorescence
methods However, I think that we may be confusing sensitivity of fluorescence and
sensitivaty of fluorimetric measurement. There scems to be no end to 1t- you just put
another valve i the photoelectric multplier and then measurc not o o5 but 001 pg
How long this can go on and how real 1t s I don’t know

The sccond thing I would like to say is 1 connection with the acid hydrolyss. We
may have appeared to be a bit guilty every tme we say we boul ths with acid for an hour.
The reason we seem gulty 15 not because we have not done a great deal of mvestigatton
of acid hydrolysts, both Dr Brown and I have over the last 4 years looked into possible
sources of error during the acid hydrolysis. My contention 1s that the apparcnt destruc-
tion by acid hydrolysss 1s not due to destruction of the oestrogens durmg hydrolysis, but
to modification of the urine residues which at later stages i the procedure bring about 2
destruction of oestrogens In other words, I think the mam effect of vaniations 1 the acid
hydrolysis 15 on the background material, and hence on substances which go mto ether
extract and can destroy ocstrogens subscquently durmg the punificanon procedure
Our work with the final method so far gives no clear mdication of a constderable
destruction of oestrogens during acd hydrolyss.

I have had little cxperience myself with enzymc Trydrolysis; we tried to avord 1t, as

Dr Brown said, because we wanted to have a routine method But we may be under an
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I rather think that Dr Boscott misunderstood my remarks about paper chromato-
graphy. 1 have nothing against this—on the contrary I believe that st is one of the most
valuable new laboratory techniques which have been devised n recent years, and we
make very full use of 1t in Edmburgh. However, [ reaffirm my behef that it is neverthe-
less not an adequate substitute for isolation and characterization by the classical methods,
where these can be employed.

I think Miss Stern mentioned that she and her co-workers hydrolyse urine by boiling
for 20 min with 15 vols.%; of concentrated HCL. In our experience, based on nuany
cxperiments carried out over the past 8 years, complete hydrolysis of the conjugated
ocstrogens n urine requires not less than 4o min bouling wath ths concentration of
HCI, and in order to be quite safc we extend this mmimum time to 6o min.
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a very large number gave colours with sulphuric acid, and fluorescence in some cases,
but notso many. He did not investigate phosphoric acid 1 detail. We know from Dr
Boscott's work that a lot of substances will fluoresce, and I should be grateful for an
mdrcation from Dr Boscott what pathological states are likely to give us trouble and
also, from the nutrtional point of view, what kinds of things our patients should avod
before their urines are collected.

Miss Stern., Ishould Iike to eraphasize that the fluorescence method is something like 100
times more sensitive than the Kober, not 0.

Secondly, we are a little ashamed of bothing our urines with such strong acid—for 20

min, by the way, and not for 1 hr. We have tried some very preliminary experments with
Mr Hines on some enzyme hydrolyscs, which were encouraging We have also done
prelummary experiments on botling some pure ocstrogens with acid, the same strength
as we use for urine (15 vol. HCl/100 vol. H,0) and then extracting with ether, without
any extraction from ether with soda, but we still find qute big losses.
Prof. Marrian: Furst of 2ll I must comment with some vigour on Dr Kelhe's remarks
about the Kober reaction This reactton has never been ‘mterred’ by those who know
how to carry it out properly, and 1t would seem to me that Dr Kellie has been musm-
formed There 15 no sausfactory evidence to indicate that the Kober reaction is non~
specific, on the contrary the avatlable evidence shows that tf 1t 1s properly carried out 1t
15 highly specific for the naturally occurring oestrogens

The queston of acid hydrolysis of urine versus enzymue lydrolysis was ratsed m the
discussion, and I must make two comments about this. First of all Iwould say that we m
Edinburgh are by no means ignoring the possibiliry that there may be destruction of
oestrogens during aaid hydrolysis, and I would rermnd you that Cohen and I1n 1935
were the first workers to suggest that such a destruction mught occur. However, I think
the present view of Dss Brown and Bauld, which 15 admuttedly based on nsufficient
evidence, 15 that this destruction may not be as serious as Cohen and I and others origmn-
ally thought. Sccondly, m reply to the suggestion made m the discussion that [am oppos-
ed to enzymic hydrolysts, I would remind you that as ong ago as 1937 I stated (Cold
Spring Harbor Symposta) that i my opmion the ulttmate solution to the problem of the
hydrolysss of the conjugated oestrogens would be the usc of enzymes However, [ fecl
rather strongly that at the present time the methods of enzymuc hydrolysis have not been
suffictently worked out to justify thewr use in the routine determunation of urmary
oestrogens, and for that reason we think 1t wiser m the meanttme to contiue 1o us
acd hydrolysis

In the same connection Dr Bauld raised an important pomnt which T must under-
Ime and enlarge upon In his expenence the urinary substances which mnterfere in the
Kober reaction are not so much prgments formed durtng acid hydrolysis but phenoltc
substances which give 1ise to pigments by oxidation m the subsequent punficanon
of the extracts Since such phenolic substances mught well be hiberated from con-
by enzymic hydrolyss, 1t 15 possible that the latter procedure mught not be so

ugates
o cous from the pomt of view of puaity of the final fractions as many people

advantag
suppose.
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‘conyugated’ ocstrogens as alcoliol-soluble, but insoluble in cther and *protem-bound’
oestrogens as alcohol-insoluble and cther-insoluble. ‘Conjugated” ocstragens are iber-
ated by acid hydrolysts, *protein-bound’ ocstrogens by alkalt hydrolysis. The extracts
are purified by solvent partition, using the scheme developed by Engel, Shunwhite,
Carter & Nathanson [1950]. The individual oestrogens i cach fraction are separated by
countercurrent distribution and estimated by fluonimetry.

The fluotimetric technique employed is a one-stage procedure. Alcohole solutrons of
the ocstrogens are heated with 88% (v/v) sulphuric acid, chilled, and the resulting
fuorescence is read n a Coleman fluorimeter, Model 12 B, using a lamp filter transnice-
mgat 4360 A and a photocell filter with a maximal transmission at §250 A (Baird inter-
ference filter). Paruculars of the techmque are deseribed clsewhere [Diczfalusy, 1953].
Since the fluorescence intensities of the individual ocstrogens are different, it is necessary
to run on cach oceaston standardization curves with all three cestrogens.

The scparation and simultancous characterization of the mdividual oestrogens is
achicved by a discontinuous countercurrent procedure, as suggested by Engel [1950].
Essentially, the prozedure of countercurrent distribution 1s based on a systematization of
simultancous multiple extractions, solutes being partitioned between senes of immiscible
solvent phases in separate contactng tubes m a simple countercurrent order. Smnce
essenitral equihbrium 1s attamed at cach step, the results are particularly adaptable to
cxact mathematical mterpretation. The countercurrent effect obtamed by a discontmuous
extraction process can be tllustrated by a stmple example:

T ) o © ' ontamng equal volumes of two

vand ¢ (this will be the mobile
., , . | be the stattonary phase), and
start a distribution of 8o parts of a hypothetical substance, which 15 assumed to be
exactly cqually soluble i both phases. The substance is partitzoned between 2and A, and
when equilibrium 15 attained, there are forty parts i the upper as well as 1 the Jower
phase, as mdicated in Steprm g 2.

big 2 Schemanc of
unity, i a system consisting of two transfirs

of 3 solute whose partitson coefficient 15



CHARACTERIZATION OF THE OESTROGENS IN
HUMAN SEMEN BY COUNTERCURRENT
DISTRIBUTION AND FLUORIMETRIC ANALYSIS

By E. DICZFALUSY
From the Department of Women's Diseases, Karolinska Sjukhuset, Stockholm, Sweden

SUMMARY

An attempt was made to characterize the oostrogen pattern of human semen, using solvent
partition, countercurrent distributson and fluonimetric analysss.

The data obtuncd mdicate that at least three natural oestrogens, ocstrone, oestradiol178 and
oestriol are present n pooled human semen

The bulk of the scmmnal oestrogens was found to be present m the ‘frec’ form

Duting the past decade some data have been reported mn the literature indicating that
hurman semen may posscss ocstrogenic acttvity [Green-Armytage, Stlberstein & Wechtel,
1947; Rusfeldt, 1948, McCullagh & Schaffenburg, 1951]. On the other hand, negative
findings have also been recorded [Bacsich, Sharman & Wyburn, 1935] We deaided to
remvestigate this problem and therefore collected over the last 4 yeats approximately
halfa gallon of human semen.

The extracuion procedure wsed tn our laboratory, which was ongmally worked out
for the extraction of placental oestrogens [Diczfalusy, 1953] 1s shown schemaucally m
Fig. 1. Thus ‘frec’ ocstrogens are characterized as alcohol-soluble and ether-soluble,

Sement
Extracted by EtOH or BuOH

Extract Residuc

Evaporated to dryness in
atmosphere of Ny,
Suspended m H,O

|
Ether-soluble Ether-nsoluble EtOH-, BuOH-

(Ether-soluble follow- wsoluble
1ng acid hydrolysis) Ether-msolublc

(Ether-solubls follow-
‘ngs alkaht hydrolysts)

‘Frec’ “Congared Progesn-hound”

in all fractions
Purification by solvent pirtition
b d

P y
Estimation by fluortmetric analysis

csentation of the pracedure emplayed for the extraction of oestropens from buman sermen

56

Fig 1 Schematic repr
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Fiz 4 Complete s-paration of deaty contioterone (DOC) from progesterons () in a 2y-transfer countercurrent dis-
wmbution In upper fayer petroleum cther L lower layer 35 $2 (v/3) ethanol K 1s the partiuon cocffiaent for
cach compound caleutazed froms the expermientat curves according to Walliamson & Craig [1947] For all distribo-
trmcures solid lime expenmental, brokenhine theorencal

Generally speaking, a satisfactory scparation of two substances m a 24-transfer distnbu-
tion can be expected if the ratio of the greater parution cocfficient to the lower (the
separation factor) is 3 or more. {In the example shown in Fig. 4, the scparation factor is
18 6). In a distibution consisting of 100 transfers, a ratio of 1 2 15 already sufficient to
obtain a certain degree of separation.

The system most often used m our laboratory for the separation of natural ocstrogens
was devised by Engel ef af [1950] It consists of cqual volumes of 50°, methanol
and carbon tetrachlonde. A 2s-tube all glass machme, manufactured according
10 the speafications of Craig & Post [1949] 15 used. At the end of the distnbunon the
contents of each tube arc evaporated to dryness in an atmosphere of nitrogen and at a
reduced pressure, the residue 1s taken up m cthanol and duplicate aliquots are analyzed
by fluorimetry.

When crystalline oestrone, ocstradtol-178 and oestriol were distributed 1 the system
described by Engel et al. {1950], the pattern shown m Fig 5B was obtamed; whereas the
ethanol extract of 1000 ml. human semen corresponding to the ‘frec’ estrogens gave a
very stmilar pattern, as 1t would appear from Fig. A

Fig 5 C Ethe free’ btained hanol ‘pooled human semen (Fig 5A)
and of crystalline ocstrogens (Fig $13) In upper liver 3% methanol, m lower layer carbon tetrachlonde OF, 15
oestrone, OF, 1 oesteadiol-178, and OE, 13 ocstriol
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The lighter phase is then shifted across the heavier one n such a way that m the next step
ais extracted by B and A by b. The distribution of the substance will be nows twenty
parts i a, twenty parts in B, and sumularly twenty parts n b as well asin 4 (step 2in Fig,
2). The mobile phasc is shifted agam, so that the twenty parts contaned m g are para-
tioned between a and C; this operation will give ten parts i cach phase B as well as b
contained twenty units; 1n this tube the distribution remains unchanged, whercas the
fraction left m A (20 units) will equally distribute 1tself between A and ¢ (step 3in
Fig. 2) In this way a countercurrent diseerbuton has been carried out m a system consis-
ting of three tubes The binomual character of the distribution can be allustrated graphic-
ally with the amount of solute contamed mn cach tube as ordmate and the tube mumber
asabscissa, as shown m Fig. 3a.

7N
Aﬂ\
BANAN

Fig 3 Effect of increasing number of transfers on relatson of bmomual distribution to normal cutve

If countercurrent distribution of the same substance 1s carried out n twenty-four or more
tubes mstead of three, a similar pattern will be obtaned, the bmomial distribution
approachung more and more closely a normal curve (Fig. 3b)

At this pomt an important term must be meroduced, namely the partition cocffictent or
distribution constant (K), defined as the ratio of the solute m the upper phase to that in
the lower phase (assuming equal volumes) In the above example 1t was assumed that
the substance was cxactly equally soluble m both phases, 1€ 11 had a partition coefficient
of umty. However, 1f the substance m question 1s more soluble in the stanonary phase
than in the mobile phase, more and more solute 1s retamed n the lower phase so that
the substance will accumulate mn the first tubes of the distribution. On the other hand, 1f

PR - e mmm ~albla v tha wnner nhace than m the lower phase, 1t will accumu-
atof the
two or

more solutes may be morc or less completely separated 1 this way, provided their
partitton cocflicients differ enough from each other A complete separatton of deoxy-
corticosterone from progesterone m a system described previously [Drczfalusy, 1952] 15

shown m Fig. 4.
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Fig 8 Countercurrent distribution of the comtents of Tubes 17-24 of Figs 5 and 6 combu vd (Frz 8A)and of crys-
talline ocstriol (Fig 88) m the solsune system shownn Fig 7 OEq 1s oestradiol-i78, and O1 3 1s ocstriol

previously and run m the Crag machine, the ditnbution pattern obtaned did not
provide any cleac-cut cvidence for the presence of detectable amounts of ocstrogen,
Thus, although the presence of some oestrogenic matenial in the acid-hydrolysed frac-
tions could not be excluded, the concentration of ‘conjugated” ocestrogens 1n the extracts
mvestigated was assumed to be rather low. Ths belief was further strengthened by the
negative results obtamned 1 a screenmgs test, in whach threequarters of the ‘conjugated’
oestrogen fraction obtamed following extraction by butanol was mjected mto five
oestrone-primed spayed mice Since m four animals out of five negative vaginal smears
were obtained, 1t would appear reasonable to assume that the concentration of ‘con-
Jugated’ oestrogens m the extracts mvestigated was very low indeed.

On the other hand, when the alcohol-msoluble materaal was submutted to alkali
hydrolysss, extracted and parutioned as described above, the distnbution pattern ob-
tamed following countercurrent distribution revealed the presence of both oestrone and
oestriol, although in rather small amounts (8 ¢ ug ocstrone and 4 6 g oestrrol{ 1000 ml.
semen). The presence of oestrogens m this fraction 15 accordance wath previous
experiments on placental trssue and blood {Diczfalusy, 1953], 1n which alkali hydrolysis
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According to the pattern shown in Fig. sA, 1000 ml. semen would contain approxi-
mately Gopg of oestrone, 10 g of oestradiol-178 and 30 g of ocstriol.

When in another experiment 1700 ml. semen was extracted by butanol instead of
cthanol, and the ‘frce” ocstrogens distributed in the same system, the pattern shown m
Fig. 6 was obtained. '

40,«7

\
Krgz M K=2n

Tobe Mo

of the ‘free’ obtamed 1 a butanot extract of human semen Solvent system

Big 6 C
asmFig 5 OF, s oestrone, OF, 1 ocstradioh-178

Fig. 6 seems to indicate the presence of approximately 20 pg of oestrone and probably
that of some oestradiol-178 {approx o g), whereas the presence of the -triol cannot be
ascertamed from thus distributron. It 1s of considerable mterest to note the less favourable
yield of oestrogen following extraction by butanol

Further evidence for identity of the matertal with partition cocfficients K = 2 03 (Fig.
sA)and K = 2.13 (Fig. 6) was obtamed by combuntng the contents of tubes 12-16 from
both experiments and carrymg out a second countercurrent distributton in a different
solvent system. As pomnted out by Engel [1950] this procedure may be compared with a
muxed meltng pomt determmnation, 1f the partition coefficients of the extracted matertal
and that of an authentic sample of the crystalline compound agree m two different
solvent systems, this 1s very suggestive of identity of substance, whereas a discrepancy of
K-values in the second solvent system—like a depresston in melting pomt— proves that
the two substances are not 1dentical. When the combined material from tubes 12-16
(Figs sA and 6) was distributed 1n another solvent system consisting of cthyl acetate-
hexane as upper phase and aqueous ethanol as lower phase, and the calculated partition
coefficient was compared with that of crystalline oestradiol-178 distributed i the same
system, a close agreement of parution cocfficients was found, mdicating that the material
15, m fact, 1dentical with oestradiol-178 (Frg. 7)

Agawn, when the contents of tubes 17-24 from the two experiments (sce Figs. 5A and
6) were combined and this matenal was distributed 1 the system shown m Fig. 7, the
calculated partinion coefficrent (K = 0.78) was found to be very nearly identical with
that of crystallne oestriol (K = 0.75), as it would appear from Fag. 8

When, following the removal of “free’ oestrogens, the residual semmal extracts were
hydrolysed m 15% (v/v) hydrochloric acid for 30 mun, extracted by ether, punficd as
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Dr Mann: Tt would be very interesting to repeat these very beautiful experiments on
spermatozoa and seminal plasma separately.
Dr Diczfalusy: Tt would take years,
Dr Mann: In man, unhke the hog, the bulk of the semen 15 composed of seminal plasma,
So, your ocstrogen may have nothing to do with the sperniatozoa; it may be all in the
accessory fluids.
Dr Diczfalusy: 1 don’t think so McCullagh & Schaffenburg [1951] have scparated
them, and statc that the ocstrogenic activity 1s duc to the spermatozoa. I have no
experimental data.
Dr Mann: It would be very important to settle that pomt.
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of ethanol- and butanol-cxtracted material invatmably ltberated 1 small fraction of
oestrogen. thther the presence of this ‘protein-bound’ oestrogen fraction depends on
adsorption, incomplete extraction, solubility of ocstrogen in protein solutions, or pos-
stbly on a chemical bond, remains to be established.

Further expenimental details of the work described m outlinc in this paper are reported
elsewhere [Diczfalusy, 1954].

Part of the expenses of this investigation were defrayed by a research grant from
A.B. Leo, Halsingborg, Sweden.
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DISCUSSION

Miss Stern: 1 understand that the oestrogens you find in human semen arc largely m the
free form, Was there evidence of any protem-bound cestrogens?

Dr Diczfalusy It depends on the defimtion of the term. If you accept the term “protemn-
bound’ oestrogens as mdicating a chemical bond, we have never detected them. We
sumply cannot account for this fraction, so 1t 1s denoted very tentatively as “protemn-bound
ocstrogens’.

Miss Stern 1 was thinking of ‘protem-bound’ more as Samuels ez al. did 1t their recent
paper m the J biol. Chem. [1954 206, 751] and found 1t loosely bound They used
albumen m therr experiments

Dr Diczfalusy It nught depend on fatlure of extraction techmques. I think we must be
very cautious on this point.

Dr Hannelore Braunsherg Were you quite satisfied wath the caustic soda treatment? I
presume 1n the extraction of proten-bound materral you heat the flud with caustic soda
Dr Diczfalusy. No, we leave 1t at room temperatute for 24 hr with 5% NaOH, 1t 1s
added i equal volumes. so you get a final concentration of 2 5% NaOH.

Dr Hannelore Braunsberg. Does no destruction of oestrogens occur wath this treatment”

Dr Diczfalusy 'We tned to do the same with erystalline compounds, and found no
destruction, even when heating the crystalline oestrogens, I think Dr Bauld can confirm
thus. On the other hand, I have not tried oestrogens added to extracts of body fluds

Dr Hannelore B berg* In Prof Samuels’study, which Miss Stern Just mentioned, they
allowed the protem-bmding fo take place, and then just shook up the protem-bound
sterords (not just oestrogens, but allsorts of: sterords) with ether and got them all out agamn.




OLESTROGLNS IN PLACENTAL (33

Minced placentac

Ethanol and butanol extraction

Extrace Residue

Evaporated, taken up m water,
ether extraction

l'.J\cr Watee Alkaline hydrolysis
Aadificaton with
Acid hydrolysis. ether extraction

Ether cxtraction
‘Tree' fraction “Conjugated fraction’ “Protein bound® fraction
Ether estracts, washed with NalICO;, CCly added, exteacted with ~-NaOH
N20H to pH g, cther extraction

Ether evaporated, residuc dissolved in benzene, extracted with water

Benzene Water
Oustronte and ecstradiol fraction Ocstriol fraction

Tig. 1. Extraction of 'free’, ‘camugated’ a1d ‘protem-bound cestrogens from tissue, and there pursfication and separation
wnto ocstrone-ocstradiol and acstriol fractions

The solvent system for ocstrone and ocstradiol was made from equal volumes of light
petroleum (borling pomt range 100-120°) and methanol, and for oestniol, 2 vol. of
benzene to 1 vol. of methanol and 1 vol. of water. The solvent systems have been so
arranged that the runs may take place overmght, the Rf values m the respective systems
are ocstrone, 0,2; ocstradiol-178, 0 07; and ocstriol, 0 13

As a simple and sensttive method for the detection of the oestrogens on paper was not
available, Folin and Crocalteu’s reagent [Folin & Ciocalteu, 1927} was mvestigated and
found to be 1deal for this purpose, this 15 2 reagent which 15 used 1n routine biochemustry
for the estimation of phenol The paper was lightly sprayed with the reagent diluted with
water, and then placed n a tank, the atmosphere of which was saturated with animonna
vapour. The ocstrogens show up as blue spots on a pale blue background with a detec-
tion linuit of 5 pgfsq em. This reaction may also be carried out quantieatively i soluton
for the colonmetric estrmation of pure oestrogens, but as the colour 1s produced with all
phenols, 1t s not surtable for use wath extracts, n which phenolic impurities are mvartably
Ppresent.

The amount of the oestrogen n the spots was estimated by fluonmetry and, as a prior
spraying with Folin & Crocalteu’s reageat would mterfere, the posittons of the spots
were found by means of parallel runs with smaller amounts of similar extract and of

pure cestrogens The smallest area of paper ensuring removal of all oestrogen in the



THE ESTIMATION, RECOVERY AND NORMAL
LEVELS OF OESTRIOL, OESTRONE AND OESTRADIOL
IN HUMAN FULL-TERM PLACENTAE

By F L. MITCHELL

From the Jessop Hospital for Women, Sheffield 3, and the Medieal Research Coraer] Ut forRescarch
i Cell Metabolism, The University, Sheffield 10 X

‘While much work has been carricd out m recent years on the chaical estimation of
ocstrone, ocstradhol and oestrrol in urine, hittle work has been reported on the estmation
and detection of the oestrogens i tissue. Diczfalusy early last year [Diczfalusy, 1953]
ceported dhe tse of the countercurrent method of Engel, Slaunwhite, Carter & Nathanson
[1950] for the separaion and punfication of endogenous ocstrogens m placental tissaz,
but as recently as 1952 Goldzicher & Roberts [1952] had to use over § kg of tissue and
rely on only a chemical separation to dentify the oestrogen m human testes.

In an astempt to achteve the hugh degree of punification necessary for a find estimation
by fluorimetry, a total of six chromatographic methods of separation and one chemucal
method of punfication were tricd before the techmque of paper chromatography at
elevated temperature described by Bush [1952] for adrenal sterosds was mvestigat:
and found to give satisfactory results. By this means 1 ng of each oestrogen may le
detected and estimated 1 up to 200 g of placental gssue.

The tissue was mmced and mixed with ethano] within 30 mun of deltvery; the oestro-
gens were extracted, separated mto ‘free’, ‘conyugated” and ‘protem-bound’ extracts by
a method stmular to that used by Diczfalusy [1953], and each extract was purified and
separated 1nto oestrone-oestradiol and oestriol fractions by the method shown i Fig. 1.
Thus separation was found necessary because the hugh polanity of oestriol compared with
oestrone and oestradiol entails the use of two separate solvent systems for chromato-
graphy.

If greasy matersal was still present 1 an amount which mterfered with chromato-
graphy, 1e. more than approximately 1 mg per ran, thts was removed by washing 3
solution of the extract n 90% (v/v) methanol with s-pentane [Ryan & Engel, 1953].

All solvents were rigorously purified before wse and operations above room tempera-
ture were carried out under mtrogen. Extracts Were stored at ~20°C when nor aotually
m use The final fractions were taken up 1n small amounts of ethanol for transferring to
the 18 1. straps of Whatman No. 541 filter paper Extracts from tissue up to 100 g may
be run as one spot

The chromatography was carried out by the descending method at a temperature of
32°, the temperature throughout the cabmet varying by not more than 0.5°. Tt was
essential that the mner walls of the tanks should be covered with wads of filter paper
dipping into the mobile and stationary phases to chsure saturation of the atmosphere with

solvent vapour.,
64
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Table 1. Comparison of the amounts of ecstrogen in paper chromatagram spots when assayed by vanons

methods
Free oestrogen {pg) per 400 g placenta
Method of Assay Oestriol  Ocstrone Oestradiol
Visual comparison of spots 40 16 4
UV absorption with approx, corr. for impunty 41 25 4
Biologrcal 24-60 17 Trace
Fluorimetry 40.5 13.8 50

To arrive at the true level of the oestrogens in the samples of placental tissue it was
necessary to complete several large-scale recovery experiments. These experiments have
onlybeen carried outon the ‘free” fraction. Amounts of 500 pgand 30 #gofcach ocstrogen
were added to two similar batches of placental mince, each batch weighmg approximately
200 g. The recoveries were sinmlar for the large and the small amounts of ocstrogen, and
averages are shown m Table 2. Heatng the tssue to 100° i mitrogen before adding the
oestrogen mcreased the recovery in all cases, whilst heating in aie increased 1t further.

Table 2. The recovery of ‘frec’ oestriol, oestrone and oestradiol added to full term huntan placental tissue
(The pure ocstrogen in ethanolic sohunon was added to the mnce tme duately afur the addition of 807,
ethanol for extracnon)

Expt  No of ‘Treatment of Recovery of added “frec” ocstrogen
No  placentac placentac before
pooled extraction Oestriol Oestrone Oestradiol
(co) ¢ &3
None 210 17.0 1.7
1 3
Heated 25 mmat 100°1n N 529 249 192
2 2 None 43-4 172 154
None 185 45 150
5 2
Heated 25 mumn at 100° in air 990 130 700
Aver. recovery from untreated placentae 267 35 137

Table 3 gives the experimental values found for the ‘free’ oestrogens m different
placentac compared wth the estimated true values after correction for the low recover-
tes. It will be seen that though heating the munce in air causes increased recovery (Table
3}, 1t results m the loss of a large amount of the ongmal oestrogen Heating 1n nitrogen
gves a smaller loss of endogenous oestrogen, which 1s counterbalanced by an mereased
recovery, to give an expersmental value stmilar to that obtaned for untreated placenta.
The addition of thiourea to act as an antioxidant did not improve the yreld.
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main runs was then cut out, together with similar areas from a blank part of the chrom-
atogram, and standard amounts of oestrogen were placed on these blank papers.

For quantitative work, the chromatography paper used was extracted with methanol
for 48 hr, but, because at the end of this time methanol-soluble impurities were stll
extractable from the paper, each spot was extracted with the same amount of solvent for
a standard time, and a special apparatus was constructed which dripped 5 ml. methanol
over each paper for a period of 8 min. This ensured the extraction of all the cestrogen
and the same amount of paper impurity in both tests and standards. Fluorimetric assays
were carried out by the method of Diczfalusy [1953].

To prove the identity of the spots, extracts from 160 g of placental tissue were run on
the chromatograms and the spots extracted. The ultraviolet absorption spectra were
compared with those for purc oestrogens (Fig. z), and a portion of the extracts were
coupled with Fast Black Salt K followed by chromatography [Hefemann, 1950). In cach
case well defined spots were produced, identical in all ways with spots produced by
parallel runs of pure ocstrogens.

"The spots have been assayed by four separate methods (including bioassay) with good
agreement of results (Table r).

Recovery experiments with the three oestrogens added to the tissue munce showed
that during the extraction and punfication process, despite the precautions taken to
puntfy all solvents, to reduce oxidation, and to store at a low temperature, a considerable
loss of oestrogen took place. Very little loss was experienced during the chromatography
and clution from the chromatogram, for when the oestrogens were added to the extract
placed on the paper they were recovered as follows; oestrtol 97%, oestrone 95%, and
oestradiof 84%. These results also mdicate that hitle quenching of fluorescence takes place
by any tissue impurity present m the spots.

gl
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experiment ocstrone gave very poor recoverics. I just wondered where we should find
the cause of the discrepancy.

Dr Mutchell: Ymay be wrong, but wasn’t Dr Engel working with enzymes?

Dr Duezfalusy: No, it was liver shees incubated.

Dr Mitchell. But here we hope the enzymes are all destroyed by the addiron of alcohol
before addition of the oestrogens. Also, the heating would take care of all the enzymes
which were not destroyed by alcohol. We originally heated the ussues in the hope of
removing proteins which interfered with partition coefficients by producing emulsions;
the heating docs this to a large extent. Italso has this side—effect, which we thought was
sery interesting.

Dr Drezfalusy: Would you be interested in a jount effort to reinvestigate this problem?
Thave stored some early placenta {a fow kg) in deep frecze at —20°. T could send you
some and we could try to carry out simultancous expenments

Dr Mutchell: Certainly; thar would be very interesting. It is onc of the drawbacks: you
have worked on early placenta, and we have used full-term placenta.

Dr Hannelore Braunsherg: 1 am interested in your comment on the matermal blood oestro-
gens How did you try to measure them, and were you able to detect anything at all>

Dr Mitchell: We did them virtually by my method for placental mince. In cach case we
got out spots which had the same Rf values as the three oestrogens, but we did not do
any biologreal assays to characterize thent.

Dr Hannelore Braunsberg: How did you show them up? With the Folin-Ciocalteu?

Dr Mitchell: Yes.

Dr Hannelore Braunsberg: That docs not detect smaller amounts than about 5 ag, does it,
after running?

Dr Mutchell No, that is true. For these runs we used large amounts for detection For the
other assays, although we cannot detect the spots by the Folin-Crocalteu reagent, by
using parallel runs, you cut out where you hope the oestrogens are, and you can estmate
down to about 0.1 g fluonmetncally, cven though you cannot see it.

Dr Rumney: The metabolism of natural ocstrogens m witro by cell-free enzymatic
extracts of rat and human lver has been recently studied by us The solvent system ben-
chc/mclhanol/\vatcr was found convenient for the separation of all three natural
oestrogens by paper chrom:xtogmphy, using the Folin-Crocalteu reagent for detection,
and fuotimetry with phosphonic aaid for quantiative esimation Both oestrone and
oestradiol were found to be partly iterconverted, but neither gave rise to oestriol with
etther rat or human liver extract, A phenolic metabolite more polar than ocstriol was
detected, and we are trymg to denufy this. Recently, we have also obtained the spleen
from a case of Gaucher's discase. After ncubatton of oestrone with a homogenate of this
ussue, no phenohic metabolite could be detected on the chromatogram Recovery of
oestrone after incubation wath boted tissue was 85%

Dr Bauld. 1 would like to suggest that Fe*** 15 the factor in Dr Mitchell’s experiments
which s able to destroy oestrogens in the placenta during the subsequent punfication
Process. In many of our experiments m Edmburgh traces of 1ron added to the water
for our blank extractions, even at room temperature, caused massive destruction of
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The corrected amounts of “free’ oestrogen are between four and sixteen times more
than the uncorrected values obtained by Diczfalusy [1953] which are similar to those
obtamed by Huffman, Thayer & Doisy [1940], except that the latter reported 38 pg of
oestradtolfkg. The uncorrected values for the ‘conyugated’ and ‘protein-bound’ fractions
(Table 4) are also somewhat higher than those found by Diczfalusy [1953].

To ascertain how much of the oestrogen mn the tissue was due to the small amount of
retamed blood, the placental, maternal and foetal blood content was measured, and
estimations were carried out on maternal blood. Though the sensinwity of the method
was not sufficient to give accurate results on the 1o ml. volumes avarlable, 1t was suffi-
cient to show thas the blood content of the placental tissue could not account for more
than 5 pg/kg of each vestrogen (uncorrected), assuming that the foctal blood oestrogen
1s niot lrigher than the level in nraternal blood

Diczfalusy has cartied out recovery experiments only on early placentac (3-5 lunar
months) and has obtatned recovertes of 40 to 90%,. The results shown m Table 2 scem to
mdicate that full term placentae contun a factor which at some stage in the extraction
and punfication process 1s capable of destroying the oestrogens. From the recoveries
obtamned by Diczfalusy [1953] thus factor does not appear to be present to the same extent
in early placentae. It appears that the factor 1tself 15 partly destroyed by heatmg the
tissue 1 air prior to extraction, though this procedure results in a large proportion of the
ocstrogens themselves also being destroyed.

To summarize briefly: a method has been developed for the estimation of the oestro-
gens mn placental tissue by means of a preltmmnary extraction and chemical separation,
followed by paper chromatography and fluotimetric assay. Recovery experuments using
thus mode of assay show that the normal methods of extraction and punfication of the
“free’ oestrogens when apphed to placental tissue grve average losses of from 73 to 86%.

Expermmental detals of the work described 1n outlme 1n this paper have been reported
clsewhere [Mitchell & Davies, 1954].
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DISCUSSION

Dr Dicxfalusy 1am worrted about the bad recoveres you get 1n full-term placenta Of
course, Dr Engel noticed a very rapd mactivation or destruction or transformation of
oestradiol when 1t was added to full-term placenta, and there was much less n carly
So that mught be the explanation, but I am not quite convmeed In our ex-

lacenta.
P bly obtamed with oestrone, whereas n your

perience the best recoverres were mvarta



THE BIOLOGICAL ASSAY OF OESTRONE
OESTRADIOL IN URINE

By PHYLLIS M HARLOW, MARJORIE SANDIFORD and MARY E. WOOD
From the Department of Chenical Pathology, King's College Hospital, Denmark Hull, London, S.E

SUMMARY

Lol an e . e

4 Prch y of both gonadotrophun and oestrone ocstradiol exeretion were
often duagnosttc of cther prtwitary or os aran falure, but smgle determinations of oestrone ocstradiol
were scldom of valuz

5 Ocstrone ocstradiol excrction in normal prepubertal giels was well below normal menstrual
eycle values Seven out of exghe gurls with precocous puberty did not show raised excretion of
ocstrone acstradiol. In the cightly paticnt, who i regularly, both gonadotrophin and
oestrone ocstradiol were within the narnnl adule range.

6 Increased amounts of oestrone ocstradrol s ere excreted by a patient with 2n adrenal tumour

Six years ago, when this worh began, the use of oestrogen excretion as an mdication of
ovaran and adrenocortical activity had been realised, but had been litle investigated,
Chemical methods were not then capable of measuning the very small amounts of
ocstrogens present in normal urine, although pregnancy ures could be more satisfac-
tortly analysed. It was therefore necessary to use a biologteal method for measuring
ocstrogens, ths, although Jaborious, was capable of detecting the fluctuations occurnng
in the normal menstrual cycle and of detecting the amounts found m the urne of
children.

The Allen-Doisy vaginal smear techmque s usially employed but has the disadvantage
that anumals respond differently to different ocstrogens when these are myected sub-
cutancously. Emmens [1941, 1950] has descnibed an ntra-vagmal method of admunus-
traton, but Biggers [1951] has shown that although ocestrone, oestriol and oestradiol
may have a common slope and potency under certam condittons of mtra-vagmal ad-
minsstratton, the common slope of the dose response line so obtamed 15 too low for the
method 10 be apphied 1o practical problems

A two-mjection Allen-Doisy technique, as described by Emmens [1939] was used for
the work described below, which took place over a pertod of 6 years, Oestrogens were
estimated i the urine of a series of normal subjects for comparison with urmary oestro-
gen values found 1n patients wath various endocrine disorders.

METHOD

A Sge51mcm of urine were collected by each patient without preservative every 24 hr
<id hydrolysis was followed by extraction with ether. Oestrone and oestradiol were
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ocstrogens, and there 1s.a possibility that you are dealing with 1ron released by haemolysis
of maternal blood within the placenta This could be easily checked by seeing whether
chelating agents do or do not improve your yiclds.

Dr Machell If it was from haemoglobin, Veldhus would not have obtained his excelfent
tecoveries of oestrogens.

Dr Banld Veldhws did his recoveries on plasma, not on whole blood.

Dr Boseott: I should like to congratulate Dr Mitchell on hus very excellent paper, especi-
ally 1 view of the very troublesome compounds one finds 1 tissues such as placenta.
Could he tell us what his expeniences are in rclation to interference from phospholipids,
which I have found to be very troublesome mdeed m other methods of steroid extraction.
Do you get any mterference from phospholipids, emulsions, ctc ?

Dr Mitchell: We did. We have tried several methods of punfying the ocstrogens, and
the manoeuvre which gave the best removal of phospholiptds and the least trouble with
emulstons was extracting the oestrogens from ether-CCly by means of N-NaOH.

Dr Boscott: Do you not get any fatty acids carried through?

Dr Mitchell: Well, 1 they are carried through, there 1s no trouble with emulsions later on.

Dr Boscott* You do not get emulsions at the ether-CCly extraction stage?

Dr Mitchell: No, with this technique there 15 no emulsion trouble anywhere. We had

considerable trouble for 2 years with phosphohpids, and 1t was the mawn reason for dis-

carding the six chromatographic techmiques which we tried. Eventually we found paper

chromatography was the only answer. Of course, Dr Diczfalusy gets good results, using

countercurrent distributton,

Dr Rumney: With the Folm-Crocalteu reagent I think we can detect 1-2 g

DrMitchell We reckoned 0.5 pg fem? or so; on a spot of perhaps 4 cm® 1t would be

aboutz pg
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o - ' ! oo ual eyeles of five young
Two peaks of oestrone
s 1c end of the cycle at a
varuable time before menstruation During a period vatues fell to less than 4 pgfag he.
The range found in these cycles was 2 5-35 /24 hr, In some cycles the approximate time
of ovulation was found by pregnanediol determination
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g 1 Oestrone oestradiol and pregnanediol excretion 10 the menstrual cycle of 2 rormal
o yele of 2 rormal woman, age 24 (2) 27-da:
eyele, (b) a1-day cycle 00 34 ) 270y

The excretion of oestrone oestradiol and pregnanediol during two cycles from one
Wwoman are shown in Fig. 1, a2 and b Peaks 1n oestrone oestradiol excretion occurred on
the 11th and sth days before menstruation, while pregnanediol was maximal at the
second peak on both occasions In the second cycle, which extended to 41 days, there
appeared to be a delay 1n ovulation,
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separated by a method previously described by Edwards, Gray & Wood [1950]. The
oestriol fraction was removed during the process.

Opvariectomized albmo mice were used for the assay. Each mouse was given two
subcutaneous mjections of nut oil contarning a suitable aliquot of the oestrone oestradiol
extract. Vagmal smears were taken three times to cover the period of oestrous response
Oestrous and pro-oestrous changes were classed as posttive. Standard doses of oestrone
were included with each batch of unknowns 1n order to check the sensitwvity of the muce.
Slope of the dose responsc line

Slopes of the dose response lnes for pure oestrone, oestradiol and oestriol solutions
were calculated from the weighted means of data obtained over a long period. The
slopes for oestrone and oestradiol were satisfactory, but that for ocstriol was too low to
permit accurate estimation A common slope for all three compounds was found to be
mvalid, but there was no significant difference between the slopes of oestrone and
oestradiol (P = 0.8). Oestrone and oestradiol were therefore esttmated together and the
oestriol fraction discarded. No significant difference was found between the slope of
urinary oestrone oestradiol extracts and that of pure oestrone.

Table 1. The mean slope of dose response lines

Mean slope + S.E

Qestrone 461 £ 0,207
Oestradiol 4.38 £ 0,796
Qestriol 1.87 % 0.236

¥*Test Oestrope-oestraduol slopes 3= 013, P=§
Qestrone-oestriol slopes (7= 54, P <oot

For practical reasons the number of muce which could be used for each estumation
was limated, only fifteen or twenty mice were used for cach dose level Two dose levels
were given of each standard and unknown. The theoretcal limuts of error using these
numbers were 69-144% and 73-137% respectively.

Urinary pregnanediol was measured by the method of Sommerville, Gough &
Marran [1948]. Urmary gonadotrophm was extracted by the ranntc acd preciprtation
method described by Levin & Tyndale [1936]. Later the kaolin adsorption method of
Dekansks [1949] was substituted as the final extracts were less toxic. Gonadotrophun
was assayed by a method depending on the mcrease m uterme werght produced n
smmature ferale rats, Later a more sensitive mouse method was used.

RESULTS

Normal menstrual cycles

The excretion of oestrone oestradiol durmng the normal menstrual eycle was investi-
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Table 2 Primary amenorrhoes

Ocstrone Gonadotrophin
Condition Age ocstradiol muufaghe*
ug/24 he
Turner's syndrome 29 1.0 >96
Tumner's syndrome 15 46 >73
Daabetic dwarf 20 3.1 <6
Mild hy pothyroidism 19 31 <20
No related comphaint 21 38 48
v " 181 828 Detected once
. #Mouse wenne units

expected the oestrone oestradiol excretion was low and the gonadotrophin above normal
Timuts, These patients have vestignal ovances only and oestrogens were produced pre-
sumably by the adrenal cortex.

The two following cases showed 2 low excrenon of both oestrone oestradiol and
gonadotrophin. The dubetic garl, who showed shight prtuitary dwarfism, subsequently
took her own hfe. Autopsy showed that the ovaries were of normal size and the piturtary

was macroscoptcally normal, the adrenal cortex was atrophied. Insufficient production
el v . PR Vet P

her only penods had been scanty and occurred at 6 months and a year before the nves-
tigations. With continued thyroid treatment, how ever, her general condition improved
and her pertods became normal The delay might have been due to late production of
gonadotrophin, 2pparently associated w1th thyroid deficiency

In the Last case, amenorthoea was the only complamt. Oestrogen therapy had induced
bleedmg on the first occasion, but only a shight show was produced mn subsequent months
of treatment, ths did not persist after treatment ended Gonadotrophin and oestrone
oestradio] cxcretion, measured some months after treatment ended, were within normal
linuts. Her wterus had remamed small and was apparently unresponsive to oestrogens.
Secondary amenorthoea and oligomenorrhoca

Erght patents with secondary amenorrhoca were mvestigated In five, oestrone
oestradiol estimations were made over a month or more; one mvestigation only was
made on each of the remainng three.

In the first case, 2 woman aged 32, periods had been regular until she was 20, then
2t 3-6 monthly intervals until the last 2 yr, when they had ceased altogether. Values for
both cestrone oestrachol and gonadotrophin excretion (Fig. 3a) wére wathm normal
Yimuts for menstrual cycles, but netther showed any significant fluctuations, such as are
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Qestroue oestradiol excretion iy amenorrhoea

In many cases of amenorrhoea the normal relationship between piturtary and ovarian
hormanes has ewther been disturbed or has niever been cstablished owing to primary
insufficiency of one or more of the hormones concerned. Low excretton of both oestrone
oestradiol and gonadotrophin may be due to prtwtary Iypofunction, whereas low ocs-
trone oestradiol and excessive gonadotrophin mdicates ovaran hypofunction. In other
cases hormone excretian 15 normal, but the uterine mucosa may be fnsensittve to
oestrogens and bleeding may never be produced.
Primary amenorrhoca

Urihary oestrone ocstradiol and gonadotrophmn excrettons were determned at inter-
vals of 3 or 4 days for a month m two cases of primary amenorrhoca 2nd values for
both were consistently low. The results in one of these cases is shown in Fig. 2. There was
no evidence of cyclical variation and such differences as do occur may be within the
Limits of experimental error. The investigations were made when the patient was 19
She had developed normally with the appearance of pubic hair and small breast develop-
ment at 14, but her only period had been mnduced by a short course of stilboestrol which
was not, however, taken regularly. In this case the amenorrhoea scems to be due to
insufficient production of gonadotrophin, normal menstrual cycle values lying between
5 and 70 mouse uterine units {m.w.u.)/24 hr.

OESTRONE

OESTRADIOL
0] #9/
s LOWER NORMAL
e PRI NPT PR ok
s 10 15 20 25 30 DAY
GONADOTROPHING
10 muuszanr LOWER NORMAL
e I LIMIT

0AYS

Fig 2 Oestrone oestraciol and gonadytrophin excrenon 1n  gitt with prunary amenorthoea, age 19

o e € - v om e desY avcreted were
measurable
on one occaston, Large cychical doses of ocsitogens Lad viuls givaa, vue uvleeding was
produced on only two occasions The uterus remamed mfantile ““fi appeared to be
unresponstve to ocstrogens. Pregnanediol was detected on two occasions, but was not
investigated over the month Amenorrhoea was apparently due to msufficent oestrogen
1nsensiiive uterus

Pradf:izxe?ﬁ;nposslble to differentiate bctwcszz such abnormnhlncs by 2 sigle deter-

1nation of ocstrone ocstradiol and gonadotrophin excretion gT;\b e 2).
j ble 2 were examples of Turner's syndrome. As would be

The first two subjects m Ta p]
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this tecatment her oestrone ocstradiol exeretion was less than 2.5 pg/f24 hr on 4 consecu-
tive estimations, although pregnancdiol was found. She later became pregnant without
further treatment. Of the remaming two, one was dibetic and the other, after having
amenorrhoea for 9 years, showed no response to progesterone or to cthmyl oestradiol
and ethisteronc.

Abnormaluties in the excretion of ocstrone ocestraciol were found in all these women
with sccondary amenorchoca, In some the amounts excreted were very low, although
not always accompanied by abnornml gonadotrophin excretion, in others normal quan~
atics of ocstrone ocstradiol were excreted, but with no cyclical variations and no main~
tiined peaks of excretion. In two cases ocstrogen therapy made pregnancy possible,
although regular periods could not be maintained on ccasmg treatment,

Trregular penods and sterility

Two patients with irregular periods and sterihty were investigated. The oestrone
ocstradiol and gonadotrophin exerction of the first of these is shown in Fig. 3b. This
woman, aged 28, had periods at irrcgular intervals They had occurred 12 days
before and 8 days after these myestigations. Normal quanuties of both gonadotrophm
and ocstrogens were found. Gonadotrophim mercased durmg the first part of the cycle
and decreased in the second part, whereas values for oestrone ocstradiol were very low
duning the first 26 days and then showed a sudden rse with a peak about 15 days before
the next period Thercfore, apart from a delay 1n oestrogen production, the first part
of the cycle appeared normal Unfortunately the last part, when a further nise i oestrone
ocstradtol would have been expected, was not mvestgated. The tme of ovulation was
not known, but it could well have occurred at the first ocstrone ocstradiol peak. The
patient was later found to have a congenttal abnornzality of the uterus.

In the second case, 2 woman aged 26, oestrone ocstradtol exerction was below normal
during the first part of the cycle, but a pronounced merease occurred m the latter half.
Gomdotrophin excretion was consistently subnormal cxcept at onc pomt 4 days before
therisein ocstrone ocstradiol excretion. Thispatient had a tubal insuffation immeduately
following the investigations and became pregnant shortly afterwards  Therefore,
although her excretion of both gonadotroplun and ocstronc ocstradiol differed from the
normal pattern, the amounts produced wcre sufficient for pregnancy to occur
Ocstrone oestradiol excretion i normal children

Table 3 Normal children

Gurls Boys
Age Oestronc ocstradiol Age Qestrone oestradiol
pg/24 hr pgf24 hr

4 9 5 1.4

4 T4 8 24

4 9 10 8

s 14 11 K

8 11 T 7
1 3s
n 2
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OESTRONE .
OESTADIOL (@
104 pajedhr
5
o R U U O A 000 O o 5 Lo
At e
5 0 5 20 25 30 35 DAYS
GONADOTROPHINS
muuf24hr
20
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OSTRONE O]
OI5TRADIOL
204 pgf24 hr F
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Fig 3 Oestrone oestradiol and gonadotrophin excretion m two women with (3) s.condary amenorrhoes and stenity.
age 32, (b) irregular periods and stenhty, age 28

found m normal menstrual cycles. Her uterus and ovartes were both small, but hormones
were obviously bemng produced by both ovanies and prturtary. Her fuslure to menstruate
1s assoctated with imbalance rather than msuffictency of hormones

A similar excretion of oestrone oestradio] was found n a girl of 19, who had had only
6 pertods, all i the previous 2 yr Again no marked ocstrone oestradrol excretion peaks
were found and all the values lay between 4 and 12.1 pg/24 hr The gonadotrophin
excretion was measured by the rat method which 1s less sensittve and accurate than the
mouse method. No pregnanediol was found Like the first case she had very irregular
pertods, although they have since become more frequent There was both falure m
ovulation and mn regular production of oestrogens.

In the remaming six patients with secondary amenorrhoes, oestrone oestradiol ex-
cretion was below normal Three of these were probably prematurely menopausal, as
gonadotrophin values were abnormally lugh. One gul of 25 had had ne perods for
3 yr, except those mduced by oestrogen therapy. At a time when she was not recewving
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was not possible to obtain enough specimens to sec if the amounts varied as they do in
the normal adult ey cle, but they came within the adult range.

Regular bleeding also occurred in another girl of 23, but the values were not
abuormal foc herage. Laparotomy at winch biopsies of both ovaries were taken showed
that one contained a follicular cyst and the other a corpus luteum. A third case was
receiving decp irradnation of the prourtary to inhubit the gonadotropluc stimulus. Her
ocstrone ocstradiol excretion was normal for her age.

These results suggest that in most cases of prococious puberty oestrone oestradiol
measurement is of Iittle value as the amount excreted is not abnornal. There are, liow-
ever, rare cases of granulosa ccll tumour of the ovaries where a high oestrone ocstradiol
output would be diagnostic, but we did not have the opportunity to mvestigate such a
case.

This method of ocstrone ocstradiol determunation becomes very inaccurate when the
small amounts excreted by children are measured; nevertheless these amounts are con-
siderable if therr small body weight 15 taken mto account. Such quannities nught be
sufficient in combmation wath other factors to cause the chnges found m precocious
puberty.

Oestrone acstradiol exeretion in adrenal carcinoma

Carctnoma of the adrenal cortex 15 sometines accompamed by a high output of
oestrogens. We were able to obtam specimens from a woman aged 40 before and after
removal of an adrenal tumour. The first estmation before the operation gave the ab-
notmally high value of 52 pg m 24 hr. The sccond estimation, 2 months after the
operation, showed 2 reduced value of 7.4 prg m 24 hr, which 1s well within normal
menstrual eycle Timits, This suggests that the tumour had caused the high ocstrogen
output,

Table § Oustrone acstradiol exercton ur pattents wnth malguant tumours

Qcstrone

Conditton Time of speamen oestradiol

ngf24 hr
Adrenal carcinoma Preoperative 1 month 52.0
Postoperative 2 months 74
Granulosa cell tumour of the ovary Postoperative 4 months 300
Postoperative 5 months 236

Oestrone oestradiol excretion in granstlosa cell tnmsonr of the ovary

In t}.le only case we mvestigated 1t had not been possible to obtamn specimens before
operation, when a large tumour, afterwards found to be a granulosa cell tumour of the
ovary, was removed. Postoperative estimations were made to check the complete
removal of the tumour. Values were hugh i specimens taken 4 and s months after
Operation, although the patient, aged 49, was menopausal, but there has been no recure-
ence of symptoms after 2 years.
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The oestrone oestradiol excretion of normal children was measured using the whole
of 24 hr urme specimens. These results are shown in Table 3 Apart from the two eldest
girls, aged 11 and 13, who were probably approaching puberty, all the values for gitls
lay between 0.9 and 1.4 pgf24 hr which 15 well below the limut for the normal menstrual
cycle. The oestrone oestradiol excretion m prepubertal boys was not sigmficantly
different, the range betng 0 6-2 4 pg/24 hr.
Oestrone oestradiol excretion in children with precocious puberty
The oestrone oestradrol excretion of several girls with precocious puberty was meas-
ured Two of these menstruated regularly and vaginal bleeding had occurred 1n some of
the others; all showed breast enlargement and adult female growth of pubic hair The
results are shown in Table 4.

Table 4. Precocions puberty in gurls

Time of Qestronz
Age Speaimen  cestradiol Comments
pgf24 hr
2% 28th day 3.5 Menstruatmg regularly, gonadotrophin detected
sth day 2.4 on 22nd, 11th, 27th days of consecutive cycles
17th day 50
2% 5 38T 14 Recurrent utenne bleeding. Advanced physical
17. 7.51 056 development, follicular cyst i one ovary, corpas
luteum 1 the other
4 611.50 1.6 Breast enlargement and pubic hair No menstrua-
20, 7.51 06 tron, recerving deep rrraducron of pitustary
1} 22nd day 044 Vagmal bleeding, breast development Nipple
plgmcntauon
6 9 25T 058 Enlarged breasts and vagmal blecding 2 years earlle’r.
Monthly discharge since and onset of ‘Petit Mal
2 7. 8.52 o4 Precocious menstruation and sexual precocity
11 8.52 06
33 26 952 13 Advanced physical development, axllary and
30. 9.52 07 pubic harr, breast development, no gomadatrophim
detected
6 31.10.52 o7 Shghe breast enlargement, advanced physical
IIL$2 07 development

In all cases except one the values found were exther withm or below the range found
for normal children of the same age. The first case, however, showed high values for
both gonadotrophin and oestrone oestradiol, each of which was me;lsurc;i thrlcc :mI?
during two consccutive cycles. The child menstruated regularly, although only 24, Tt



BICLOGICAL ASSAY OT URINARY OLSTROGENS 83

for this work. We are most grateful to Mr Stanley Clayton, Dr S. Leonard Simpson,
Dr Raymond Greene and other chnicians whose paticnts we have investigated Thanks
are also due to Messes Organon who hive generowly supplied us with pure oestrogens,
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DISCUSSION

Dr Lorame: Did you use 4-point assays and how many ammals were employed per dose
level of standard and unknown preparation?
Afrss Wood: Yes, we did 4~point assays. As a rule, fifteen ammuds were injected for cach
dose of standard and unknown, and twenty when we had enough matenal
Dr Leraine. I wonder if you have any mformation on the mdex of precston (4) m these
assays. Was that caleulated?
Mass 1¥00d" Tt was not caleulated, but we esttmated that there was an crror of + 30%
atleast,
Dr Kiopper: 1was mtrigued by your very low values for pregnanediol excretion i nor-
mal cyeles. You recorded several values of < 1 mg/24 hr. What was the method you
used?
st Wood" We used the method of Sommerville, Gough & Marran, but we do not
really consider that any value < 1 mg/24 hr s accurate
Dr Klopper; If remember nghtly, Prof. Marnian put the limts of accuracy of his method
atsome 2 mgfaq hr.

My other point 15: how did you estimate the substance you labelled ‘I'SH’? Did you
wse the Klinefeltee method?
Miss Wood: We extracted our specimens by kaoln adsorption, and used the merease n
stenne weight m infantile mice for assay.
Dr Klopper, Are you confident in labelling this material ‘FSH'?
Aiss Hood, No, we arc not. We should have altered the labels on some of our shdes 1
actually referred to it as ‘gonadotrophin’ n speakmg  We thmk 1t 1s FSH, but we would
nothke to commt oursclves,
Dr Boscott T was interested m your results on oestrone and oestradiol m cases of adrenal
tumours, because Migeon & Gatdner have recently shown by fluormetric and chemical
::letl:;ds that in certam patients with adrenal tumours there 1s a ratsed urnary oestrogen

Have you ever assayed oestrogens m human urines after treatment with ethinyl
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Oestrone oestradiol excretion in other conditions

Smgle mvestigations were made in a number of other condations, but as the amounts of
ocstrogen found fell within notmal range, they were of little value, These include
oligo- and hypomenorrhoea (three cases), dysmenorrhoea {two cases), Cushing’s syn-
drome (two cases) and gynaecomastra (three casés).

DISCUSSION

The error involved in the biologreal assay of oestrogens makes the use of large num-
bers of animals advsable if accurate results are to be obtained; this mn turn necessitates the
collection of large volumes of urine, particularly from patients with a low Ocstrogen
output, in order to obtamn sufficient material for assay. )

Esumation of urinary oestrogens at frequent mtervals during normal menstrual cycles
showed that 1t was possible to obtain consistent results using comparatively small num-
bers of mice, and our findings compared well with those of Pedersen-Bjergaard &
Tonnesen [1948], Smith & Smith [1952] and other workers

Tt 1s clear from the study of oestrogen excrenion m the conditions mentioned above
that assay of oestrone aestradiol alone 1s seldom of much value. Simultancous estimation
of urnary gonadotrophuns 1s cssential when mvestigating cases of amenorrhoes, 2 per-
sistently fugh output of gonadotrophimn bemng mn eself diagnostic of ovarian fatlure, and
records of basal temperature or pregnanediol output are useful m detectmg ovulation,
In most cases of amenorrhoea only a series of mvestigations will reveal the true candition
In cases of precocious puberty or in adult women where amenorrhoea 1s associated with
Tarsutism 1t 15 usual first to estumare the urmary neutral 17-ketosteroids, as these may be
greatly mereased when the condition 15 secondary to adrenocortical hyperplasta or

tumour, and may climmate the need for ocstrogen assay. Oestrogen estimations should
always be performed on more than one specimien from the same patient in order to take
1nto account any cychical or day-to-day vanations, and 1t 15 preferable to have patients i
hospital to ensure collection of complete urme specimens over penods of z or 3 days

It follows that biological oestrogen assays are of value m some conditions, but are to
be avorded 1f conclusive results can be obtamed by other means The preparation and
assay of urme extracts 1s laborious and time e g and the ¢ of 2 large
colony of ovaricctomuzed mice 15 expenstve, m addition the experimental error, like
that of most biological methods, is large

We have seen that constderable advances have recently been made m the deternuna-
tton of urinary oestrogens by chemical methods. The results we have obtamed by a less
accurate method indicate some of the problems which require remvestigation usng an
improved techmgque.

It 15 probable that, particulatly where such small quantitics as those found m cluldeen
and some cases of amenorrhoea are concerned, stich methods will yield results of greater

significance.

We wish to thank Prof C. H Gray for valuable advice and for providing the facilities
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The extent to which the chnician is likely to call for oestrogen determinations depends on
many factors. An important one is his atutude towards the laboratory. There is, I think,
a current tendency for the clintctan to rack his brams to think up every conceivable
1ab y and other nvestigation in order to ‘work up’ the case as completely as pos-
Sur, ol P ) oo Cov e think of the

y-staffed steroid

Another factor 15 the degree of tnconventence to which the patient may be put. If one
isinvestigating a casc of gonadal or adrenocortical tumour—and such cases arc, of coursc,
excessively rare—the pattent will be m hospital, 24 hr specunens of urine and frequent
samples of blood can be eastly and convenently colleceed, and the Iaboratory staft will
be as enthusiastic and excited as the chmician concerning the outcome of the investigations.
But:f, on the other hand, one 1s minded to study the urmary steroid cxcretion pattern in
a woman suffering from non-ovulatory cycles or metropathia haemorrhagica, one 1s
Iable to encounter a certam amount of patient-resistance if one calls for frequent or sertal
24 hr speamens. ‘Over-mght’ specimens, however, are relanvely conventent to collect,
and a co-operative patient will usually consent to supply these.

Another factor which must be taken into account 1s how unnary (or blood) oestrogen
deter comparc in complexity of technique, expense and mformative value with
other avatlable methods of demonstrating ocstrogen activity. Take, as an example,
menstrual disorders. Oestrogen and oestrogen/progesterone activity may be studied by
analysing basal temperature records, describing the hustological findings of a specunen
obtamed by endometral biopsy and evaluanng the cormfication index and other feat-
ures of daly vaginal smears, as well as by determuning the total ocstrogen (and possibly
the oestrone-oestradiol and oestriol ratos), and the pregnanediol output 1n the urmne.
Tn the first place 1t depends on what mformation 1 requred ¥ you want to deade
whether ovalation 15 taking place, daly basal temperature records will provide a rough
check and may even mdicate not only that ovulation has occurred 1n any parttcular cycle,
but also when 1t occured.

Endometrial biopsy mflicts upon the patient anything from mild discomfort to quite
severe pamn or even an anaesthetic and a mght m hospital. Patients m this country may
subm to it one or twice, but not repeatedly. Performed on the first day of menstrual
bleeding 1t will provide mformation on whether progesterone has been present and
whether the endometrum has responded sausfactontly to the ocstrogen/progesterone
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oestradiol? It is the most potent orally-active ocstragen m existence, but nothing i
known of its metabolism. Could you throw any hght on this subject?

Miss §¥ood: We have estimated oestrone oestradiol i urine of patients who were being
treated with comparatively small quantities of ethmyl oesteadsol, and, 2s far as we could
tefl, it made very little impression on the oestrogen output. But we did not do any proper
quantitative recovery experiments, It disappeared; 1t was not bemg excreted in the urme.
Dr Boscott: Perhaps it is excreted in the faeces.

Dr Jellinek: 1 have done some experiments in which ethinyl acstradio] was injected inte
rabbits, and most of the activity scemed to be m the faeces. There was very hde in the
urine at afl, and there was no evidence that st was converted nto either oestrone or
oestradiol,

Dr Dicifalusy 1 wonder whether in your 4~pomt assays you have ever noticed a signt-
ficant deviation from parallelsm for your urmary extracts?

Miss I¥ood: No, we have not. We did quite a fot of preliminary work on thss, but we
found no sigmsficant devianion

Dr Dicxfalusy: About this question of ethinyl oestradiol: Stimmel & May [ the ] chs.
Endocrin., 1951] clasmed there 1 only cthinyl oestradiol m the unne after injection of
2 mg of thus cestrogen, and that no ocstranc, oestradhol or oesterol was found.

Miss Wood We have not really done enough work on this to be able to say anything.
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adrenocortical turmours 1in males who nay or may siot show fenimzation, or in certamn
cases of gynaccomaste. Here the deteemination of the ostrogen is essential and comple-
mentary to the determination of the other hormone.

Ovarian umscss. Pechaps the most valuable use of urinary aesteogen determinations
concerns the differentiation between ovarian timours producing sexual precocity and the
far more common condition of constitutional precoctous puberty. Such ovarian tumours
are usually granulosa cell tumours, though Scckel [1946] has deseribed a case of chorto-
epithchiona with a urinary ocstrogen content equivalent to Goo i u. of oestrone per 24 hr
and a high concentration of choriomc gonadotrophin Removal of the tumour resulted
in disappearance of both C.G. and ocstrogen from the urme. Granulosa ccll tumonrs
occurring in childhood are extremely rare, and Seckel was able to collect only thirty-one
eases from the hiterature between 1926 and 1044, High blood and urinary ocstrogen
levels have been recorded m some of the recent cases, with absence of urinary gonado-
tropliins, whereas in constitutional (or neurogentc) precocious puberty ocstrogen levels
donot exceed the normal adult range and gonadotrophms are usually demonstrable.

Testicular tumenrs. Occasionally mterstitial cell tmours wlich, when they occur i
chuldhood, characteristically give mise to ssosexual precocity, are associated with gymae-
comastia. OF the seventeen cases of mterstittal cell tumours occurnng before puberty
which I have been able to collect from the literature [Bishop, 1954], two developed
gynaecomastia [Huffman, 1941; Jolly, 1954]. Other ferumzing interstitial cell tumours
have been deseribed m adules {Monaschkin, 1926; Hunt & Budd, 1939; Melicow,
Robnson, Ivers & Rainsford, 1949]. Unfortunately, ocstrogen deternmnations were not
undertaken 1n these cases, but 1t secms possible that excess of this hormone was the cause
of the femunization, for Maddock, Epstein & Nelson [1952] found mereased quantities
of urmary oestrogen m two cases m which the only functional testicular structures were
clumps of Leydig cclls. They abo treated men with normal testes wath chortonic
gomdotrophm, which - 1 ' * crr e "o 1zation of
the senumferous tubules . There s,
however, no general agiecinent UL Wwe Leyuig cells are te source ot testicular ocstro-
gen as well as androgen. Huggins & Moulder [1945] described Sertolt cell tumours 1n
five dogs with enlarged niammary glands and other signs of femimzation. Two of the
tumours yielded appreciable quantities of oestrogen. Telum [1946] has published the
only account of a Sertoli cell tumour in an otherwise normal man with descended
testicles Unfortunately, oestrogen determinations were not undertaken 1 this case, but
the patient planed of gy 12 and 1mp McCullagh & Schaffenburg
[1952] suggest that the tesucular oestrogen 15 claborated by the germmal epithelium,
possibly by the spermatids and spermatozoa, and the observations of Diczfalusy to-day
are of great mterest m this connectron. It 1s clearly 1mportant to carry ot oestrogen
determinations wherever possible 1 these rare cases of testicular tunour and m all cases
of gyn;\ecom;stlll. to discover the source of testicular ocstrogen and to define the differ-
:,:,:: :::;;elsnzmiy:x;z:z:a::;, ov;:}:i;::l rtaluy ;esult on the one h:n}d from exogenous

i mdoces phynedl Slgn; on the dc:oler, fom myection of choriontc gonadotrophin
gen production as well as gynaecomuastia {or
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mfluence; or whether progesterone has been deficient in 1ts concentration or effect on the
endometrium; or whether 1t has been completcly absent, possibly with continuous, un-
opposed or even excessive mfluence of oestrogen The endometrral preture depends not
only on the concentration of ocstrogen and progesterone, but the responsiveness of the
endometrium to these hormones.

A study of the cytology of vaginal smears 15 a somewhat timc-consuming and exact-
ing labour, if modezn techmuques are employed. Daily smears are essential m most cases
They can be taken by the patient hersclf 1f she is moderately mtelhgent, hughly co-
operative and somewhat mitrospective, and if she is provided with a series of microscopic
shdes to which paper chips have been attached to prevent the smears rubbimg agamst
each other; a dizmond to cut the date of each smear onto the appropriate shde, and a
pipette of the right length to reach the posterior vagmal forix—attached to the pipette
1s a rubber bulb to provide suction; and finally, a shde jar containmg fixing flurd con-
ststng of equal parts of ether and 95% alcohol. Analysis of the smears reflects the effect of
oestrogen and progesterone on the vagmnal epithelum, this effect varymg not only with
the concentration of these hormones but also with the responstvencss of the vaginal
mucosa Endometrsal biopsy and vagial smear studies often do not mdicate the same
degree of ocstrogenic or oestrogen/progesteronc cffect This means that, m these cases,
the endometrium and vaginal mucosa are not equally responsive

Finally, there are the chemical and brological methods of esumating cestrogens (and
pregnanediol) m urme which have been so fully described and discussed to-day.
Generally speaking, they require expensive and dehicate equipment, high mamtenance
costs for solvents and other materals, or for the feeding and care of animals, rather
skalled technicians mn relation to the salary scale on which one 1s forced to operate and,
finally, exceptionally skilled and well-tramned sterord chemists and biologsts such as the
ladies and gentlemen who have been addressing you to-day. These methods of esumating
urinary ocstrogen give some 1dea not only of the quantity, but also of the quality of the
acstrogens which are bemng produced by the organism. but nevertheless they pm-pomt
only one figure m 2 complex metabolic cycle which 1s dependent on such factors as rate
of sceretton and arculation, extent of conjugatton, efficiency of uptake by the target
assue—which may mvolve enzyme systems and other comphcated mechansms—as well
as renal clearance and the extent of recovery of hormone from the urme Ltke the various
tests of thyroid function, the tests of oestrogenc activaty reflect differcnt aspects of the
problem. An esmation of the serum protem-bound 1odme gives an mdicatron of the
concentration of circulating thyrord hormone A determmatton of the radioactive todine

uptake by the thyroid gland shows how rapidly and efficiently the gland receives 1ts raw
maternal. Radioactive todine clearance studies show how quickly the hormone airculates
and 1s excreted, and an esttmagion of the basal metabolic rate indicates how the orgamsm

s 2 whole is responding to the thyrexd hormone with which it 15 bemg supplied.

Yet another factor1s the destrability of determuming hormone ratios, suchas the gonatt!o-
trophin/oestrogen ratio tn order to locate the site of a lesion 1n the pitmtaryfovarian
or the oestrogcn[pregmnedlo! ratio 0 a case of mensteual disorder m order to

axis; - L
luteum failure, or the oestrogen/androgen ratio in certain

evaluate the degrec of corpus
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gaard & Tonnesen [1951] in which oestrogenand gomadotrophinassays were undertaken,
Except in some cases of metropathia hacmorrlagica in which they found excessive
ocstragen output, all their other cases show ed low ocstrogen production. These results
roughly coincide with those of de Allende & Orias [1950] who made a most detaled
study of the vagmal smears of womien with menstrual disorders and scldom encountered
Iugh ocstrogen values in amenorrhoea, oligomenorrhoca or anovulatory cycles assoc-
iated with menorthagia, bur did find high cormfication indices in cases of metropathia
hacmorrhagica. Interesting as ths information may be, I do not fecl that we are hikely to
make use of routine oestrogen determmations m a gynaccological endocrine chintc. We
shall, however, always have the odd patient whosc steroid hormone pattern we shall be
studying, and I think the results of such studies may prove eventually to be of value.

In conclusion, therefore, I would say that the methods which have been described
to-day will not for some time become routine methods of clinical mvestigation, 1 the
way that 17-ketosteroid, and possibly FSH determinations, have become popular with
the chinician. Furthermore, 1 think it 1s important that the steroid chemist and biologist
should be shielded from the uninformed enthusiasm of fus climcal colleague as far as
ocstrogen determinations are concemed. On the other hand, [am dehighted to find that
there are now avatlable rchable methods of providing the chmaan with accurate
quantitative and qualitative mformation concermng oestrogen output m speenally
selected cases. [ believe this symposum has proved beyond doubt the need for endocrine
laboratory umts attached to climes dealing exclusively with clintcal endocrine materal,
and I am convinced that close co-operation between the clinic and the laboratory in
such a set-up will lead to the clanfication of many dignostic problems and may en-
courage rational as opposed to empinical endocrine therapy, especially m menstrual dis-
orders, While, therefore, 1 applaud the enterprise of the promoters of this symposium,
I'warn them agamst the mdsscrimunate enthusiasm of their ehinical colleagues Oestrogen

determinitions are stll, in my optmon, a rescarch problen and not a rousne laboratory
demand.
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‘puberty mastits’) in adolescent youshs, Chorioepithehioma of the tests s wsually
assocsated with high oestrogen and C.G. excretion, as well as gynaecomasta, and other
testicular rumours such as somuonias and mixed epitheliomas have been shown to yield
bugh oestrogen values [Hamburger, 1038; Twombly & Hocker, 1941}

Adrenocortical tumours. Whereas the characterstic feature of these tumours is the high
autput of r7-ketosteroids and percentage of dehydrocpiandrosterone, nmeteen cases
have been deseribed as oceutning in men {one was a chuld of 5) and giving 1se to
fernization, namely gynaccomastia, mpotence, azodspermia and testiculae atrophy.
In six of these cases oestrogen determinations have been undertaken and have been
found to be uniformly lugh Diczfalusy & Luft [1952] submusted the urme in their case
to countercurrent distribution and fuorimetric analysis— 250 mb. of urme yielded 34.5
mg of free ocstnol. After hydrolysis 68.5 mg of ocstrone, 18.4 mg of ecstradiol and 857
mg of ocstriol were recovered from the same specimen of wrme, Unfortunately, in only
three of these six cases were 17-ketosterord studhes also undertaken. fu one of these,
reported by Luft & Sjogren [1049), the 17-ketosteroid outpur was disproporsionately
low compared with the yield of oestrogens. It is clearly of great importance that com-
bined studies of ry-ketosterords and oestrogens should be carried out m furure cases of
this very rare condition.

Pregnancy disorders. The minguing theory of the Smuths [19.48] that many disorders of
pregnancy, such as certam cases of habstual and threatened abortion, pregnancy vomitng,
toxaemya, preeclhmpsi, cclampsia and diabetes are assocated with an imbalance of
placental hormone production, leading to excesstve output of chortonic gonadotrophin
and dimumsshed quantities of urmary oestrogen and pregnanediol, and that this imbal-
ance may be readjusted by admunustrauon of eestrogen (espectally stiboestrol) and
possibly p one, has stmulated the on of obstericians and disbene
experts as well as sterord chemises, and 15 sull the subject of senous, though essentally
benign contraversy. The modemn techmques of oestrogen determunatson which have
been laid before us to-day must obviously be applied to this problesm, and thus & one of
the very few conditions 1 which bloed, as opposed to urinary, oestrogen esnmation
imay prove valuable According to Borth & de Watteville [rgs52] 16103 1. ofoc'srronc/
ml of serum 1 the normal range 1 the Jast timester Apart from the Smiths’ work
there are other fiscmating problems which confront the obstetrician and fus endoctine
tibaratory, One s the sudden &l w cestragen output i ceses of nussed sbostion and
foetal death.

Menstrual disturbances So far as 1 can see, the study of hormonal patrerns m menstrual
disorders 15 an almiost uncharted sea. Some of the pioneer prfots of those wncharted
oceans are here to-day It 1s obvious o any chinwan who has preseribed hormone
therapy i bluskers’ for menstrual disorders as Jong as I have, that no fusther progress
can bt made without an endocrme laboratory unit There are few who have so f:ar had
such fachies De Warteville, ta my opion, s the outstanding example, and for the
results of hus expenence [ zefer you to hus recent article {Bosth & de Wateville, rgszl].
In thus he adopts a cather conservauve attirude to the chinical value of the work which he
efers 1o the studics of §53 cases of menstrual disorder by Pedersen-Bjer-

reviews. He x
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ustrogen m semen comes from the testis, but is rather a biologieal curiomty, and prob-
ably hasno physiologic\l fanction,

That brings me to D Mitchell's paper on the ocstrogen content of the placenta. Here
again, the chief query raised by this paper to brologists 1s what the oestrogen 15 doing
in the phcenta, and whether it Ins any physiological funcnion. The first difficulty
dealing wath this particulir question is the fact that different species vary so much m the
cestrogen content of the placents, and 1t 15 difficule to visualize that 1t can have any
function generally applicable to mamnnls, [ think T am right m saying that, with the
defimte exception of the cow and the possible exception of the horse, oestrogen 15 not
nown to be abundant in the placenta of mammals other than man. That ruses the nexe
and rather obvious comment that the endocnnological charactersuies of the various
reproductive processcs appear to vary morc froni species to spectes than any of the other
endocrmological functions. As I was listening this aftemoon, T recalled the remarkable
endocrinological differences between the pregnant mare and the pregnant wonuan. The
former has a very large amount of gonadotrophum of the ‘pregnant mare’s serum’ type
circuliting m the blood, but not much oestrogen which, however, appears m quanuty
mn the unne. By contrast, m women, there 15 some gonadotrophin and some oestrogen
arculating in the blood, and carly on a large amount of gonadoteophn and later a con-
siderable amount of oestrogen m the urnme. The type of gonadotrophin 15 entirely
different from that m the mare

When the next paper was read by Miss Wood, I began to feel entirely at home, the
word ‘biological assay’ was mentioned, and the vanous difficultics were emphasized.
One of the reasons 1t 15 50 satisfactory to sce chenucal superseding biological methods of
oestrogen detcrnunation is that there are so many different factors which cause variation
m the result of biological assay—a shghtly different method of comparmg the unknown
with the standard will produce very different results T well remember that my first con-
tact with our Chatrman, Sir Charles Dodds, arosc many years ago because we were
obtaming different results m the biologieal assay of the same preparations of ocstrogens.
We had begun to have grave suspicions of cach other when 1t turned out that Prof,
Dodds’ team were usmg stx mjections on rats, while we were wsing four mjections on
mice, aserious discrepancy was thus explamed

There 1s another factor m biological assay which makes dhings very difficult, and that
1s the degree of punfication of the preparation It 15 one of the anomalies of biologicat
assay that the morc punfied the preparation, the less active 1t appears m muany of the
otdinary tests. That, of coursc, 15 because the purified substance 1s absorbed very rapidly
and excreted without having tme to do 1ts job Many of those undertaking biologteal
assays for a chermst have got mto trouble, because the better he worhed the less they
made of his resules Having said thus about biologacal assay, I should add that I realize ful
well that those cngaged m chemical assays also have their troubles, and I was mterested

I SR Y

labour tor everybody concerned, and 1t 15 obvously not quite certam in his mind, and
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(arrernoON session)

Dy Parkes: 1 have been ont of active participation in this particular subject for a number
of years, and ¥ am nat as well up in the details as I ought to be to open this general dis-
cussion. There are, however, a nubcr of general remarks which 1 think can sscfully be
made about the conference. The fiest velates to the interesting division of the two ses-
sions and vartous papers between chemical and bological techmques. In the past, bio-
togical methods of assay had to be rchied upon almost entircly. By contrast, in planning
today’s symposiom the original sdea was to devote the morning session to chemical
technigues and the afiernoon to biotogical techniques. Tn practice the chemical tech-
nigues have overflowed wito the afternoon session, and in only one paper have theauthors
depended entircly on biological assays. Thus, T think, is a very defimte sign of progress.
In 1938 there was a long and ardaous inter 1 confe on the establuh of
internanional standasds for the prnitary hormones concerned with reproduction. At the
end of thus conference we tssued a report, which recorded a senmark made by Sic Hency
Dale that the ultimate mm of biological assay was self-abolion. ¥ think, today has shown
that thus highly desirable process has gone a long way. This conclusion seems to be backed
up by the fact that of parucipanon 1 the discussions s any gude, then the members of
this audience are more chenucatly than brologscaly mmded.*

Turnmg to the papers of this afternoon’s sessions, there 1s firse the mteresting paper
by Dr Diczhilusy on the oestrogen content of human semen. 1 have some particular
mnterest w thus paper because years ago, following persistent reports of small amousts of
oestroges mn semen, I was ured mto dosng some biological experiments, and after some
Bietle work obwtned results that were rather mconclusive. T was very glad so hear today
that the defimte answer was obtamed, on what appears to have been abundant materal,
that oestrogens (all three of the common oestrogens, apparenty)undoubtedly occur m
human semen That s an interesting observation. But the bofogist mmediately asks,
“Where does the stuff come from? And what does it do there?” The answer to the first
question seems preety clear, and has aleeady been claborated by Dr Bishop. The oestro-
gen presumably contes from the testss, probably from the semumferous tubules, and may
be dosely assocsated with the spermatozoon The quesnion of what, if anytng, w its
phystologreal function 1n semen 15, of course, much more difficult to answer. There have
been vartous suggestions from tme to tume, but I thnk we must remember that the
amounts preseat, m iczms of biological reactions, arc very small indeed, Halfa gallon of
human semen 1s not a physiojogical amount. The amount of vestrogen avatlable from
physiological quantities of semen, although st mighe perhaps do something to 2 rax, 1snot
hkely to produce an cffect of any kind 1n 1s natural habuear. | suggest, cherefore, that the

in vieww of Sir Chatles Dioddd's comanents hter tn closmg tbe dicassion § oughn 1 2dd that m making these resicks

§had an et only the a5y of known osstiogens of acsteogen preparations Hiological wsting s, of cavese, wsually
y

savoudable ta the first quablate of acw compounds or for tesceogeme squvaye
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methods of estimation w hen we know we arc expecting rather larger differences than we
think. A simplificanion at the expense of accuracy may be quite permissible when we
arc looking for large differences. Bue I think in the end—and Dr Swyer made this point
n our paper this moming—only the blood values will have any meaning at all, or the
blood together with urinary values.

Dr Parkes: 1 think it is quite evident that the information wanted s as to what 1s going
round in the circulation, not what 1s being exereted. Unnl what appears in the urine is
shown to have some sigmficant relation to what is gomg round wside, [ think the whole
position 1s not on sccure ground.

Miss Stern: Indefence of our method of domg oestrogen determumations on urme, we have
started 1t because urine was the casiest fluid to get hold of and without much bother to
the patient; with blood we may need quite large amounts, Alvo, onc of the ultrmate aims
after examining ocstrogen in blood is acstrogen metaboistn, and before we can do that,
wemust have aceurate methods for determming oestrogens in urne.

Dr Brown While adnmtting that blood oestrogen methods are very desirable, T would
hike to put in a word for urinary oestrogen estimations. In all the menstrual cycles that
we have been studymg, the features have been so constant that we were able to predict,
without any reference to basal temperature cuncs ete., where ovulaton occurred, when
menstruation occurred, and so on. T think for the first ume in history we arc able to
determine what the ovary 1s domg without having to rely on menstruation or any of i
outward physical signs, and that scems very valuable in atsclf.

Dr Parkes: That 1s an nstance of the type I mentioned, where you are able to show that
what you measured i the urne did give an mdication of what was going on nside.
Thatis what we want.

Dr Rumney. ¥ do not want to provoke Dr Parkes any further i connection with the
oestrogen production by the stallion Thus may be a cunosity, but I think 1t 1s established
that the adrenal cortex produces, m addinon to corticosterards, oestrogens and andro-
gens, whale I think the late Dr Dingemanse showed that both androgens and oestrogens
are produced by the ovary. Agamn, virthzation in the Stein-Leventhal syndrome 1s beheved
to be due to ovanan androgens 1 do not see why, if the ovary can produce both cestro-
gens and androgens, the testrs should not normally produce both these substances as well.
Dr Parkes: There 15 no reason at all—n fact 1t does. May I make one more comment
about this stallion busmess. Shortly after Zondek made that remarkable observation of
the cnormous concentratton of oestrogen tn the stallion unne, 1t became popular to
supposc that the ordinary bengn enlargement of the prostate in man had some connec-
tion with the ocestrogen story In assocration wath Prof. Zuckerman, we went to some
trouble to get the prostates of 2 number of stallions, with particular reference to the
uterus masculmus which 1s quite a well-defined organ m the horse The point was that
myected aestrogen, wrrespective of what it may do to the prostate, undoubtedly causes
changes 1n the uterus masculinus of experimental animals. Yet m the stallion we could
find no changes whatever 1n the uterus mascubinus suggesting that oestrogen had been
acting on 1t. And yet the animal exeretes 100,000 units 2 day.

Dr Swyer- An almost analogous situation anses i the case of the pregnant woman given
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it has never been quite certan 1 smune, whether the amount of mfornmation given about
.the patsent—I am not talking about academic or chemical ac buologcal matters—seally
Justifics . That is undoubtedly one of the things that will be cleaced up in future, Part
of this dxfﬁculcy seems 1o be due o the fact that over the years there has been shis intense
concentration on what appears i the urine which, for all we kuow, may be merely what
the orgamsm docs not want, and whach may thercforenotgive much indication ofwhatis
gomg on snside the organisn, Yeass ago I mooted the idea that i€ would be a good thing
to get away from urme and back to blood, and I thunk 1 am sull justificd 1 repeating
that remark. But my chaef fanction here 15 to provoke other people mto speaking, and
Thopelhave at least dong that,
Dr Drcxfalusy: 1 feel I must protest aganse Dr Parkes” conclusions about the ocstrogen
seeretion of the testes He conadered it 1 the nature of a biological cussosity that there
1s qestragen 1 human semen, and that one simply cannot understand why 1t should be
there. Now, I understand that 1t was a provecauve remark because Dr Parkes wanted
us to form an opuon on this problens. I do not see why one nught not assume that the
testss, as an argan of nternal seereion, would secrete otstrogens, and that these oestro~
gens probably have an important function m acting on pstuttary gonadoteophun scere-
uon. I suppose that was the reason why people looked so mtensely for the exisrence of 2
second tesucular hormone.
Dr Parkes 1f, 33 1 take 1t, you refer to the assumed oestrogenc secretion of the testss, that
may or may not have some function to perform. What I meant to say was that 1t was
not n the least evident to me what physiologcal function was performed by such part
of that secretson as gotinto the semen.
Dr Diczfalusy T nusunderstood.
Dr Boscott. 1 wonder 1f Dr Parkes would hke to comment on another spectes difference
He compared the pregnant mare wach the human female How about the stallien com~
paced with the human male? The stalhon excretes as much a5 20 mg of cestrone/ltre,
whereas the human male excretes very much lesy than that
Dr Parkes 1regard the stallion as very much 1o the pownt m showing that these biochem-
1cal curtostties of secretson or excretion do occur and are very difficult ro explan i any
rattonal manner, and mdeed tmay have no rational explanation at all - The fact that the
stallion excretes 1 1ts urine 100,000 unts a day—or something stmlarly enormous—s
st ane of chose things I do not think st means anything m particular .
D Hanselore Braunsberg 1 should very much Itke to support Dr Parkes” “hack~to-blood
movement We are all busy studymg the excrenion of oestrogens, and there ate certan
aspects which nught be worth considering 1 that connection, such s the renal function,
which seems to be ignored If you consider the presence of free ocstrogens as well as
canjugates, surely the degree and efficrency of renal fimcusen must bear some relaton to
the amount excreted, and that nughe obscure any physiological cffects Agam, the day-
to-day 20d hourly vanations may do so0, and even datly varanons may obscure any
phystofopical differences by our not dowmg enough daily specimens In connection wath
the chinzeat value of any oestrogen excretion valucs, surely the difference between normal
2nd abnormal mdividuals 1 not yet established, and we may be able to ssmphfy our
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