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I. CENERAL INTRODUCTION




I, GENERAL INTRODJCTION

The chemical determination of oestrogens in the
urine of human subjects involves the separate problems
of hydrolysis of the conjugated forms, purification and
separation of oestriol, oestrone and ocestradiol-l7p,
and the estimation of the purified substances by
chemical or physico-chemical means, Previous studies
carried out in this Department (Stevenson and Marrian,
19473 Marrian, 1948; Clayton, 1949) resulted in
accurate procedures for the acld hydrolysis of the
oestrogen conjugates, the lnitlal extraction of the
free oestrogens, and the separatlon of oestriol from
the oestrone-ocestradlol-l7p fraction, In addition
their results gave a clear indication of the d4iffi-
culties which arise in connection with the losses of
oestrogen, and interference with production of colour
in the Kober reaction in the presence of urinary and
solvent contaminants, The investigations reported
in this thesls are a direct continuation of this
earlier work,

Initially attention was directed to the develop-
ment of procedures for the partial purification of
the urinary extracts. This was facilitated by the
classification/



classification of possible urinary contaminants into
broad general groups, For example it was to be
expected that oestriol, obtained by water-washing a
benzene solution of the bicarbonate-washed ether
extract, would be contaminated by a group of hydro-
philiec substances. That these would include compounds
of acldic, phenolle, neutral, and basic resction, was
to be anticipated, and was, in fact, demonstrated by
qualitative tests, In this way slmple procedures
were readlly devised for removing large proportions of
these contaminants without loss of ocestriol.

For the final purification of the oestrogen
fractions, and for the separation of oestrone and
oestradlol, it became clear early 1n the course of the
Investigation that it would be most convenient to
employ an application of the differential counter-
current principle. The same conclusion was reached
by all other groups engaged on the problem and four
different applications have been used, Since no
comparative studies of the different methods of
separation of oestrogens have as yet been carried out,
it is impossible to be dogmatic as to which 1s the
best procedure. In any event it is inevitable that
there will be a wlde degree of indlvidual preference
based on such criteria as the previous experience of
the particular operator, convenience of operatlion,and

the/



the facilitlies avallable, It is considered that a
general discussion of the advantages and disadvantages,
inherent in the various applications, would serve a
useful purpose in relating the methods developed in
this study to those of other investigators.

Stimmel (1946) used adsorption chromatography
on alumina for the separation and partial purification
of oestrone, oestradiol~l7p,and cestriol, The method
deseribed was characterized by convenience of use, but
a definite loss of oestrlol occurred and inadequate
purification was achieved, Moreover, other workers
have been unable to confirm his results (ef. Swyer,
1652), possibly because of variations in alumina (cf.
Bates, 1952). Engel (1950) gave a very clear ex-—
position of the theoretical and practical limitations
to the use of adsorption chromatography in guantitative
work, On the other hand, Brown (1952¢), using de-
ectivated alumina and moist eluants, successfully
separated and purified the ocestrogens in urlnary
extracts after methylation. The zero elution zone
of 3=6 ml, between the methyl ethers of oestrone and
oestradiol-l7p was not as large as mlight be desired
and 'the exact detalls of elution of the column
depended upon the activity of the alumina', The
advantages accruing from the ease of preparation of
the columns were to some extent offset by the

incorporation/



incorporation of the methylation procedure, It is
possible that the practice of applying the water-
washed light petroleum and benzene extrécts directly
to the colurn may necessitate careful temperature con-
trol at this stage of the process. The method has
subsequently been conslderably improved, and has been
used for some months now with satisfactory results.

Engel and hils co-workers (1950) employed counter-
current liquid-liquid extraction trains, operating
discontinuously, for the separation of oestradiol,
' oestrone, and oestriol., From the standpolnts of
reproducibility and accuracy, the method is un-
questionably superlor to all other procedures as is
evident from the agreement of observed with theoretical
findings, and from the fact that the reported results
have been completely confirmed (Diezfalusy, 1953).
The elaborate appasratus required and the labour
involved in the combinatlon of the varlous fractions
mey, however, preclude the adoption of the method for
routine assays., |lMoreover, complete separation of the’
oestrogens from urinary contaminants has not been
achleved (of. Slaunwhite et al., 1953). Migeon
(19563), by carrying out further redistributions, has
been able to obtalin complete purification of the
separated oestrogens but, in so doing, has markedly
lengthened the procedure.

Paper/
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Paper partition chromatography has been applied to the
problem of separation and purification of the natural
oestrogens in extracts of urine and tissue (Heftman,
1950; Mitchell, 1952; Axelrod, 1953). The writer's
experience with this technique nas been limited to
qualitative work in connection with selection of
suitable solvent systems, so that it is not possible
for nim to give a fair assessment of the method., It
is probable that the choice between partition chromato-
grapny on paper and on columns will largely be a matter
of personal preference, The inconvenience of elution
of the solutes from the paper 1is offset by the con-
venience of development of the chromatogram, It is
possible that this will be the method of choice for
the separation of quantities less than a few micro-
grams,

In the present investigation psasrtition
.chromatograms, with Celite 535 as the inert support,
nhave been used for the separation and purification of
oestrone and oestradiol-17pE. Qestriol is separated
by partition between benzene and water in separating
funnels end finally purified by a partition chromato-
gram, The effects of variations in the chromato-

graphic procedure have been investigated in some

detail/
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' detail and it is claimed that when these are carefully

' econtrolled the method is entirely satisfactory from the

istandpoints of accuracy and reproducibility.

|
'reported here with those obtained simultaneously but

It is interesting to compare the results

:independently by Braunshberg and her coeworkers (Swyer
and Bréunsberg, 18513 Braunsberg, Stern and Swyer,
11952) ., The same solvent system (benzene-agueous
godium hydroxide) was used in both ceses but in the
lpraaent investigation the dimensions of the column,
|amount of stationary phese, and percolation rate of the
imobile phese, were adjusted to give an K value for the
faestest moving oestrogen (oestrone) suitable for the
separation of this substance from a group of neutral

|
‘and basic contaminants in urinery extracts, Under

these conditions the retention volume of oestradiocl=-

17 was inconveniently large and the elution of oestrioj

from the column was rendered virtuaslly impossible, 1In i

'view of the satisfactory purification of oestrone, ;
lnhowever, the conditions for the chromatogram were |
adopted. Qestradiol-1%7L was removed by the technique
of frectional elution, and oestriol was separated from

the other two by a preliminery partition into water

from benzene in separating funnels, as was advised by |
IClayton (1949). This procedure gave complete |
|

iseparation of all three oestrogens, a zero elution

zone/



zone of et least 20 ml, between oestrone and oestra-
diol-17£, and maximum efficiency in the chromato=-
graphic purification. Ten hours were required for
the separation but the chromatogrems required no
further attention after the change of solvent at the
fourth hour, |

It was found, however, that an additional
chromatogram was required for the final purification
of the sepsrated oestriol end obviously, therefore,
the method would be greatly simplified if all three

oestrogens were separated and purified on the one

- chromatogrem as recommended by Braunsberg and her CoO-

workers (19©52), In this method the phenolic fraction
of urine was leached with small cuantities of mobile
phase (benzene phase) and applied to the column,

Qestrone and oestradiol-1%L were successively eluted

' with this mobile phase, The residual urine fraction

(conteining most of the oestriol) was then trensferred
to the column with carbon tetrachloride-butanol and
oestriol was eluted with this solvent, The procedure
is obviously simple but also unlikely to be very
efficient. There is likely to be incomplete separ=-

ation of oestrone from the group of nitrogenous

| impurities of the phenolic fraction and the zero

elution/




elution zone between oestrone and oestradiol is small,
Some of the oestriol is added to the column in the
initial benzene leaching end the remaining portion is
eprplied to the chromatogram at a time when 1its
cheracteristics are rapidly changing due to the change
of the mobile phase, One would therefore expect that

all fractions would be contaminated by urinery cone-

ponents and that this is 20 has been demonstrated by

Mitchell (16853, personal communication), Bitman end
Sykes (1953) noted gross contamination of the ocestriol
fraction and reported that it was lessened by the
substitution of displacement analysis for the
fractional elution technique, In their modificetion
all three oestrogens are spplied to the column by
leaching with benzene, and, after the elution of
oestrone and oestrediol-1%F with benzene, the pH of
the stationary phase is decreased by blowing C0, into
the bottom of the column, It is obvious that this
procedure will disrupt the bands on the column and
cause gross irregularities in the subsequent elution
of oestriol with benzene, The procedure is salso

open to the criticism that benzene in the amounts used
would not be effective in the quantitative transference
of oestriol to the column, It is the writer's belief

that/




that the wide difference between the distribution of

oestriol and that of the other two oestrogens in the

‘usual solvent systems prevents their separation and
Epurification on one partition chromatogram,
In this investigation the purified oestrogens

have been estimated by the Kober reaction., It was felt

that the specificity of the pink colour developed with

oestrogens, which permitted the complete differentiation
|

from non-specific residual urinery or solvent impurities

|
by means of correction formulae, was a distinct advan- |

tage over the more sensitive but less specific |
fluorescence reaction, Moreover, it was hoped that
the previous extensive investigations of this reaction
would permit the choice of conditions of maximel

etability.

Throughout this study difficulties have been

encountered at every stege in repeating the work of

'previous investigators, This was most pronounced in
connection with the colour reaction, As 1is evident ;
from the literature, the Kober reaction has been

extensively modified since it was originally described

'in 1931. In fect in almost every case when an

investigator begen work on the quentitative estimation

of oestrogens, the first step was a modification of |
|the colour reaction (cf. Cohen and Marrian, 1934;

Venning/
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| Venning et el1,, 1937; Bechman, 163%a; Szego and

| Semuels, 1940, 1943; Brown, 1852b), It is posesible
' that the development of the numerous modifications was
due to the lack of deteil in the published reports or

to the incomplete investigation of the conditions

| necessary for maximal production of colour in each
case, The present investigation has been concerned
mainly with the aydroquinone-aqueous sulpauric acid
method of Brown (1952bh). It has been found thet this
reaction is influenced by the diameter of the tube
used, by the stirring technique, by the degree of
illumination present within the laboratory, and by
the type of analytical reagent grade sulphuric acid [
' used, Moreover, it has been demonstrated that the
reagent recommended for the determination of oestriol
' 18 unsatisfactory in the presence of solvent residues, |
If the existence of these factors had been appreciated
and mentioned in the published reporfs, a great deal of
time would have been saved in tne present study.

At an early stage of the investigation of the
chromatographic¢ procedures, inconsistencies in the
elution patterns began to eppear, For one trained
in adsorption chrometography, it came as a distinct
| surprise to find the profound effect on elution

patterns/




| contaminants, The investigaticn of this factor was

' eliminated, It was found thst recoveries of

oestrogens, added to aqueous mineral acid or to

' the use of chromatograns whose efficiency was proven

=-]l]l=

patterns of minor changes in both the pH and the amount
of stationary phase, of varistions in rates of flow of
the mobile phase, and in particle size and method of
packing, Feilure to realize the importance of these
variables at the outset of the investigsation has
resulted in very considereble delays. It is hoped

that conditions have now been sufficiently well

gstandardized to permit other workers to duplicate the
results reported here,

The final, and perheaps the major, source of i
difficulty in the development of the complete method
has been the relative ease with which oesirogens can

be altered by mild treatment with urinsry or solvent

not poseible until the other difficulties were

hydrolysed urine, were often very irregular even with

| by the demonstration of zero elution zones and quanti- |

tative recovery, end with the use of a colour reaction |
proven to be unaltered by the presence of urinary or
solvent residues, 1he losses encountered were on
occasion as high ss 40-60% end thus could not be
entirely due to manipulative errors, lihen one

considers/




~12=

Ccongiders that measurements sare being made at
dilutions of one in & hundred million, it ies clear
thet destruction of oestrogen, almost infinitesimal
from the sbsolute standpoint, can assume very signifi-

cant proportions under these conditions, Methods of

oeatrogen assay at the present time are operating et a
level of dilution where the slight browning often 'i
noticed by the earlier workers during isolation studie;
in trensferring processes, can invallidate an assay,
It has been found thet oestriol can be heated
in & streem of air with aldehyde-containing ethanol
without loss, In the presence of the residue
obtained from the distillation of peroxide-free
(vensdiur pentoxide) etner, destruction occurs unless

the ethanol is ealdehyde free, This type of reaction,

which appears to be oxidative is the main potential |
source of errcr in oestrogen assays. Carrying out i
all distillations in sn atmosphere of nitrogen has |
been found to be ineffective, To obviate the danger,i
the incorporation of an effective anti-oxidant is |
required. Hydrogquinone has been used for this
purpose and in addition all solvents have been

thoroughly purified.
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A, Survey of Previous Literature.

1. Xober Reaction end 1ts Modiflestions.

In 1951 Kober found that heating oestrone with
concentrated sulphuric acid gave & yellow compound with
greenish fluorescence, which on subsequent dilution
‘with water end reheating geve rise to a pink colour.
The Kober reaction is thus a two-stage reaction in
which the first stage is the formation of a yellow
colour ch heating with concentrated sulphurle acid, the
second stage the conversion of yellow to pink on
heating with diluted sulphuric scid,

Kober also noted thet the pink colour could be
discharged by neutralizetion or oxldetion, He
originally employed phenol to guench the fluorescence
of the final product in order to facilitate vianal
colorimetry.

Cohen and Marrlan (1634) adapted Kober's findings
to the development of a quantitative method of esti-
mation, They found that maximm intensity of flnal
colour was obtalned by & reagent conslsting of 5.6
parts of phenol to 5,8 parts of sulphuric acid (by
volume), Introduction of 5% of water in the reagent
decreased the intenslity wmarkedly and also increased
the time of heating required to reach maximm intensity,
They also found thet thelr condltlons for the second-
staga/
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stage heating found to be optimel for pure oestrogens
caused fadlng of the final product in the presence of
solvent and urine residues, It is highly significant
to the reaulté of the present Investigation that this
defect was corrected by railsing the sulphuric acid
'econcentration of the second stage.

Cartland et al. (1935) heated phenol with sulphurie
aclid and diluted the resulting phenoclsulphonic acid
with 2 volumes of sulphuric acid., After the second
heating stage the solutlon was further diluted before
colorimetry. The authors do not state whether any
change occurs in this step. Plncus and co-workers
(1936) also used a phenolsulphonic acld reagent and
noted marked wvariatlon in the intensity obtalned when
using different reagents, as well as the occasiocnal
appearance of turbidity in the final coloured product,

With the introduction of a sultaeble photoelectric
colorimeter (Evelyn, 1936), Venning and her co-workers
(1937) investigated the Kober reaction in detail, They
used a reagent prepared by mixing phenol and sulphuric
acid in the amounts found to be optimal by Cohen and
Marrien (1934), the utmost care being taken during
admixture to prevent rise in temperature, This
reagent then, at least when freshly made up,contained
a considerable amount of free phenol, Optimel conditions

were esteblished for the first and second heating

stages/
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stages, and dllution to & low sulphuriec acld concen-
tration prior to colorimetry was recomuended, The authors
stressed the necessity for rigid control of heating and
cooling times and for stirring. No mentlon was wmede of
the necessity for selection of reagents, but Vennlng
subsequently (1952) pointed out that the condltions
varied with different batches of sulphuric acild,

Kober in 1638 substituted p-naphthol for phenol as
the reducing agent. He found that traces of water (less
than 5%) improved the intenslty of the colour produced,
as dild ageing of the reagent especlally if exposed to
sunlights moreover he showed that minute traces of
ecetone residues interfered with the development of
the colour, Bachman (1939a) using a reagent containing
an excess of sulphuric acid relative to phenol was able
to combine the first end second stages into one heatling
step at 150°C,, but found that increased colour was
developed from oestriol on standing at room tempserature
after final dilution for colorimetry. He stressed
that fading of the pink complex could occur during
this stage but maintained that with the standardized
procedure the reagent was stable for months, at
least in the determinatlon of the pure oestrogens.
Szego and Samuels (1940, 1943 ) altered the
usual procedare somewhat by heating an ethanollc

golution of oestrone or cestradiol-17§ with concentrated

sulphuric/



s 16w

sulphurie acid in the first stage and adding thiocol
(potassium guaisecol sulphonate) in aqueocus solution
prior to the second-stage. Under these condltions
they obtalned virtually no colour with cestriol,
although a greater intensity was produced when the
phenolic salt was present in the first stage of the
reaction, These authors pointed out that the coloured
compounds did not obey Beer's law completely at higher
concentrations, Umberger and Curtis (1949) investi-
geted the reaction of various oestrogens with concen-
trated sulphuric acid in the absence of phenols and
found the behaviour to be qualitatively similar to the
findings of other workers; 1t 1s significant, however,
that their paper included no demonstration of a plnk
colour with oestriol.

Marlow (1950), using a freshly prepared solution
of p-naphthol in sulphuric acid, investigated the
specifiec groups responsible for the development of the
pink colour in a two-stage Kober reaction, He used
concentrated and 50% (v + v) sulphurlc aclid for his
first and second steges respectively, with no further
dilution for colorimetry. He demonstrated the follow-
ing requirements for the production of the typlecal
pink colour by steroids:

a) Aromatic ring A. (He did not try corticolds).
b) Intact ring D.
¢) Oxygenation at position 17,

a) /
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d) Position 16 either free, alecoholic, or ketonic with
the exception that the 16, 17 diketone was inactive.
Haenni in 19650, using a phenolsulphonic acid
reagent contalining excess phenol, found that traces of
ferric ion in the reagent increased the intensity of
the final colour obtained with oestradiol-l17g8 and ailded
the conversion of the yellow to pink. Cohen and
Bates had shown 1n 194% that pink colours of maximal
intensity could be produced in the absence of phenol.
They however used ethanol as a solvent for the oestro-
gens during the colour reaction, and Brown (19522a)
demonstrated conclusively that the ethenol was re-
placing phenol as a reducing agent, Bates in the dis-
cussion on this paper contested this point, but 1t is
significant that he referred to ocestrone and not
oestriol. Brown (1952b) reinvestigated the Kober
reaction completely, and proposed the use of hydro-
gquinone dissolved in aqueous sulphurilc acld as a re-
egent, He found that there was an optimal ratio of
sulphuric acid to water for each of the three oestrogens
examined, viz. 76%, 66%, and 60% (v/v) for oestriol,
oestrone, and oestradiol-l7p respectively, As has
already been noted, Kober (1938) had already shown
that rigid excluslon of water from the first stage
of the reaction was not desirable, The reaction
when hydroguinone was used appeared to be ideal
from the standpoint of stability, and the rigild

preceutions/
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precautions of the previous methods in regard to
heating times eand stirring were stated to be

unnecessary.

2. Other Colorimetric Procedures.

David (1934) found thet oestriol after heating with
concentrated sulphuric acid and reheating with dilute
sulphuric acid in the presence of arseniec acid, gave
a blue eolour, This reaction has only helf the
sensitivity of the Kober (1931) reaction, He also
noted turbldity of the solutlion wilth urine extracts,
Pincus and Zahl (1937) used diazotized sulphanilie
acld; Pincus et al. (1936) found a pink colour
developed by ocestrone and cestradiocl-l7§8 on heating
in a zine acetle acld mixture with the addition of
benzoyl chloride, Pincus (1951) strongly recommended
the use of an antimony trichlorlde reagent, Bachman
(1939) produced a satisfactory and specific colour
reaction for oestriol using p-phenol sulphonle acid
in 85% phosphoric acid; the colour obtained was
violet pink, absorbing meximally at 540 mAL .

Be Difficulties Encountered With the Phenolsulphonie
Acld Reaction,.

In the voluminous literature on the Kober reaction
which has been cited above one can find almost no
references to difficulties that way arise., On the
contrary, the impression 1s obtained of a perfectly
satisfactory/



satisfactory, robust and stable colour reaction, The
fact that so many modifications have been produced
renders this highly unlikely, and Clayton (1949)
working in this laboratory had clearly shown that
solvent residues can interfere with the development of
the colour from oestriol. In the early stages of the
present investigation a series of experiments was
carried out to test the stabllity of the phenol-
sulphonic acid reaction.

Oestriol was dissolved in purifiled ethyl acetate
(Type 1, Appendix 1), and 175 ml. aliquots containing
46 m g. of oestrlol were treated as shown in Table 1,
the residue remaining after distillation being trans-
ferred to test tubes by ethanol 3 x 3 ml, The
ethanol was removed in & current of alr, The colour
reaction was carried out based on the method of Venning

et al, (1937) and fully described in Appendix II.(p. 6).

Table 1, Variability obtained with phenolsulphonie
acld reaction in presence of solvent residues,

Optical Density

. Bthyl acetate solutlon distilled 0,042 0,083
to dryness 0,069 0,065
Ethyl acetate solution, washed 0,117 0,113
4 x 1/8 vol, water,distilled 0,118 0,104
Ethyl acetate solution, washed 0,138 0,100
1 x 1/8 vol., 8% NaHCO5;, 4 x 0.163 0.124
1/8 vol, water, distilled
46 Mg. of oestriol, dry residue 0,191

untreated 0,187
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That the difficulties encountered above were
merely due to incomplete transfer was ruled out by the
failure to obtain a Kober reaction on the 'residue’
from further ethanol washings of the distillation
flasks, Simllar depressions of colour were obtained
whether distillation was carried out at atmospﬂeric or
reduced pressure, whether the ethanocl was removed in a
current of alr or nitrogen, and if wethanol was sub-
stituted for ethenol as the solvent for transfer. The
| depression was more marked with ethyl acetete from one
manufacturer (McFarlan & Co,) than from another
(Griffin & Tatlock). These results suggested that some

Forme uring Che healing of e<hy/
non-volatile iwpurity o B T A IR

acetate was interfering with the development of colour.
This suspicion was confirmed by using a modification
of the Kober reaction suggested by Brown (1952¢), in
which 2 ml, of water rather thean 3 ml, are added 1in

the second stage; the results are shown in Table 2,

Table 2. Stabllity of modified phenolsulphoniec acid
reactlion to solvent resiques,

0D

a) Dry residue of ocestriol (54« g.) 0,225
0,225

b) 175 ml. of ethyl acetate distilled from 0,218
54 ug. oestriol at atm, pressure 0,218

¢) 175 ml, of ethyl acetate distilled from 0.226
54w g, oestriol at reduced pressure 0,227

It will be seen that thisdglight change has
caused a considerable improvement in the awount of

oestriol/
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oestriol recovered sfter this simple treatment, This
suggeests thet the apparent loss shown in Table 1 is not
due to destruction of oestriol but results from inter-
ference with colour development in the presence of
solvent residues. Cohen snd Marrien (1934) were sable
to overcome the action of solvent residues In inter-
ference with the colour reaction by a similer method of
increasing the sulphuric acid concentration of the
second stage, The colour obtained in the present ex-
periments with the standards was an orange pink,rather
than the true pink of the Venning modification (1937),
indicating incomplete conversion of yellow to pink

end resultant freedom from fading.

At this stege of the investigation the author was
finding greater losses of oestrogen in the presence of
solvent residues than Brown (1852¢)., It subsequently
developed that his technician was carrying through the
colour reaction by a rigid time-procedure in which
colorimetry was carried out within 1-2 minutes of the
development of the colour, This would of course
minimize any difficulties due to fading and is the
probable explanation of the discrepancy between the
findings of the two laboratories,

By using the modified Kober resction it was found
that oestrogen in solution in etner sometimes gave

after distillation, residues which developed & higher

optical/
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optical density than the untreated standards, e.g.

Table 3, Behaviour of the phenolsulphonlc acild
reaction in the presence o? ether residues,

0,De 0,D, after fading Corr.,0.D,

2l.54g. untreated 0,008 0052
oestriol 0,092 O 0,002
Rl,3mg, oestriol 0,100 0,037 0,063
after dlst? of C,0%4 0,028 0,066
150 ml.ether

20 g. untreated 0,065 0 0,095
oestrone 0.099 0,002 0,097
2048, oestrona 0,130 0,044 0,088
after dist® of 0,118 0,039 0,079

150 ml, ether

These coloured solutions were faded according to

' the technique of Stevenson and Marrian (1947) by being
' reheated for an additlonal 1} hours In a bolling water
bath, then reread, and the true ocestrogen content
obtalned by difference between the two optlcal

' densities, This technique showed, as an additional
defect in the colour reaction, that solvent residues
not only may depress the pink coloured products, bub
also may contribute a non-specific component capable
of considerable absorption with the Dge, filter, Thus
falsely high values can be obtalned by measuring the
optical density of the prefaded colours,

Ce Difficulties Encountered in Uslng Hydroguinone
Reagents.

l., General Discussion.

At this stege of the investigatlon it became
apparent that the phenolsulphonic acld reaction as

deseribed/
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desoribed in Appendix II (p. 6) was completely
unsatisfactory as a means of measurement of small
quantitles of oestrogen in the presence of relatively

large amounts of solvent residues, It was declded

| by Professor Marrlan that Mr Brown working in the
' Clinical Endocrine Research Unit should investigate

the necessary modiflcations of the colour resction,
and that I should procesd to a study of the purifi-
cation procedures for the urinary oestrogens described
elsewhere in this thesis, Vhen a new variation of the

Kober reaction using hydroquinone in place of phenol

' had been produced (Brown, 1952b), I adopted this new

procedure, the technique of which is fully described
in Appendix II (Pe 7 Do The wemainder of this
section sets forth the results thus obtalned,

The procedure has been applled over the course of
two years to the measurevent of cestrogens in the

presence of solvent and urine residues, and in its

- original fcrm has been found to be unsatisfactory.

- Evidence has been obtained of thres different types of

depression of colour and it 1s proposed to discuss each
of these in turn, T™is reaction, like all other
modifications of the original Kober rethod (1o931), 1is

g8 two-stage resction in which the first stage is the
formation of a yellow coloured compound with 2 greenlsh
fluorescence, followed by & conversion to & plnk non-

fluorescent/



-2 G-

fluorescent compound on reheeting in less concentrated
Hz S04 This pink colour cen itself be faded on heat=-
ing at low concentrations of H;80,. There are thus
three possible forms of interference with the colour
produced, viz,:-

1) Failure to form the initial yellow coloured
complex (Type I Inhibition).

2) Failure to convert the yellow colour fully to the
pink colour (Type II Inhibition).

3) Instability of the pink colour (Fading).

2. Type I Inhibition

Type I is peculiar to oestriol. For many
years there has been an apparent contradiction with
regard to the ease with which this substance undergoes
the Kober reaction, Marrian (1938), supported by
Bachman (1939),pointed out how readily this compound
could be converted into a pink derivative under conditions
of mild oxidation which did not affect ocestrone or oestra-
diol-178. On the other hand in the Kober reaction and
its modifications, oestriol requires a longer heating
time or higher concentration of H,S0,(Cartlend et al.,
193538zego and Samuels,1940;Brown,1952b),Moreover,it has
been shown (Brown,1952b) that in the case of oestriol
but not oestrone, the absence of an effective reducing
egent in the first stage of tne reaction prevents
formation of the red coloured product in the second

atage/
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stage.,
0.D,
504 ge oestriol No hydroquinone present D.116
2% hydroquinone in reagent 0,289

I have confirmed this finding and in addition
shown that the type of sulphurle acild used is of

importance,
Hopkins & Willlams,AR.H,S0, 0.,D,
25 ug. oestriol To hydroquinone present 0,070
Hydroquinone present 0.202

B.D,H, AR.H.S04
No hydroqulnone present 0,058

It therefore appears that oestriol when heated with
sulphuric acid in the absence of reducing agents forums
a yellow coloured complex which does not readlly under-
' go the second stage of the Kober reaction, Oestrone
!on the other hand needs no reducing agent. (Bates'
(1952) use of oestrone, therefore, to show that

ethanol is not acting as the required reducing agent,
is not justified).

The first indicatlon of diffliculties came in an
investigation of the initial extraction of oestriol
from aqueous minerasl acid with ether. This i1s the
first step of the purification procedure and for the
pure solution recovery experiments which concern us
‘here involves the steps shown on the facling page. On
investigating this step ylelds of 82, 83, 81,90, 91,
95% were obtained in a group of experiments, Simple
mechanical loss was eliminated as the cause by back

extractions/
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extractions and carrying out colour reactions on the
glassware, In addition to the appearent loss of
ocestrogen, these results were highly wvariable, The
first insight into the complsxity of the problem was
‘obtained when three filters Dgo, (green), Dgo, (vioclet)
Dgoeg (yellow) were used to read the colour, and a
simple correction applied as developed by Brown (1952¢),
HE 4Dgo4 = SDgog = Deoy

Ded

The results obtained with this colour correction on

Doorrected =

oestriol taken through this extractlon procedure are
| shown below,

Table 4, Effect of ether residues on development of
colour with oestriol in Germs ol tne colour
eorreccion,

Dgos Dgoa Dsos Dgorr, Doorr.g |

Recovery
Untreated ocestriol 0.175 0,025 O 0.1%5
controls 0,176 0,025 O 0,175

' Extracted oestriol 0,185 0,070 0,034 0,159 86
: 0,180 0.085 0,032 0,142 81
0.1l72 0,070 0,025 0,143 82

IThis explained the varlability of the resulis but

'also enhanced the problem by showing loss on every
ioccaaion. Depression of colour by urine residues

;was also demonstrated, It was found that increase of
‘the hydroquinone concentration from 2 to 5% improved
‘the yields. The eddition of 0.2 ml. ethanol et the
'start of the colour reaction had a similar effect, This
method was in fact used in the earlier recovery

experiments/



experiments reported in the section on extraction, but

was not entirely acceptable due to variation in batches
of alecochol even after extensive purification,including

treatment with meta-phenylenediamine, By a completely

empirical epproach 0,1 ml, of wm-cresol was found to be

& more sultable stabllilizing agent, The efficliency

of this agent 1s exemplified in the experiments listed

in Table 5,

Table &, ABffect of addition of n—cresol to hyvdro-
quinone rearent LN OVEercoming depression by

solvent reslidies,

Expt. Cresol in Reagent % Recovery Dagmm,
a + o4, €6

- 61
b + 87

= s

Tese results are typlcal of a large series of experi-
ments, more examples of which are given in Apperndix IV,
p. 16-18.

Vith the effectiveness of m-cresol thus estab-
lished, it seemed desirable to determine its mede of
action,so that a simpler methed of echieving the same
end could be used, This further investigation wes also
necessitated by the fsct that very frequently turbid
solutions were obtained using the m=cresol or ethanol
stabilized hydroguinone reaction, but never wilth the
pure reagent.' This turbldity could be filtered from
the final solution by a porosity 3 or 4 sinter glacss
funnel, or taken cere of by the colour correction

formla,/



formula; but the first method is cumbersome and the
second a source of error, It was believed that the
depression of colour seen with solvent residues was due
to thelr content of oxidizing agent, which seemed to
overcome the effectiveness of the reducing properties
of hydroquinone and allow Type I inhibitlon to oeccur.
Darkening of the reagent in the cold on the addition of
hydrogen peroxide in small amounts can readilly be
demonstrated., Varlous agents were added to the reagent
in an attempt to prevent this darkening,and of a large
nunmber tried only m-cresocl was effective. Reagents
containing the other cresols darkened on addition

of hydrogen peroxide, but the colour obtained differed
from that obtained with the pure reagent and was
typical of the respective quinones, It was felt that
m-cresol was behaving as an antloxldant to the
hydroquinone and not being able to form a quinone
itself did not darken but prevented the darkening due
to oxidation of the hydroquinone., On the other hand 1t
was almost inconceivable that even ln concentrated
HzS0, solutions m—crescol was a stronger reduclng

agent than hydroquinone, The explanation came

when 1t was found that m-cresol, to be effective,

had to be added to the 2% HQ 76% (v/v) sulphuric acld
reagent immedliately before the colour reaction., In
other words, standing the wm-cresol in sulphuric acid

removed/
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removed the antioxidant powers, The obvious change
to oceur would of course be sulphonation, This
dlrected attention to the precilse composition of the
so=called hydroquinone/sulphuric acid reagent of
Brown (1952b). Pinnow (1915, 1917) studied the
monosulphonation of hydroquinone at temperatures from
50-100°C, using 10-14 M-H3;SO0,, and from his results
one would expect hydroquinone to be almost completely
sulphonated by 76% (v/v) sulphuric scid either by
heating at 100°C, for twenty mlnutes or by prolonged
standing at room temperature,

Hils results relative to the present investigation
were confirmed as follows: 50 ml, of reagent prepared
by dissolving 2 g. of hydroquinone in 100 ml, of 76%
(v/v) HaSO, under the conditions listed below, were
diluted to 1/3 volume with water slowly and with
efficient cooling, The solution was extracted 4 x 1/3
volumes of ether, washed with 1 x 1/10 volume of water,
2 x 1/15 volumes 8% sodium bicarbonate, and 3 x 1/100
volumes of water, The ether was dlastilled to dryness
and the weight of the residue taken as an index of the
free hydroquinone content of the reagent,

Table 6, Effect of method of preparation snd ageing on
the Toos T tvor TN STterE oF Bhy Reaiant,

Age of Reagent Temperature during Free Hydroz

solutlon quinone eontent
24 hr, 20°C, 908 mg./50 mle
3 weeks 20°C, 14 mg./50 ml.
24 hr, 30-40°C, 557 mg./50 ml,

24 hr, 90-100°C, 25 mg./50 ml,



Teble 7. Effect of method of preparation and ageing of
reagent in innlioltion of colour productlion
by solvent resicues,

% Recovery

Reagent Oestriol Dgoe Dgos Dgos A
z L ]
1 Extract 0.179 0,053 0,018 89
" 0,173 0,061 0,019 84
Standard 0,180 0,032 0,004
" 0,186 0,033 0,005
BExtract 0,165 0,052 0,013 85
R 0,174 0,068 0,019 85
Standevrd 0,179 0,031 0,004
* 0,176 0,025 0
2 Extract 0,128 0,040 0,009 65
" 0,143 0,047 0,008 4
Standard 0,179 0,035 0
3 Extract 0,140 0,078 0,029 55
" 0,150 0,089 0,031 58
L 0,157 0,088 0,033 60
0.151 0,088 0,032 59
Standard 0,192 0,048 ¢}
0,190 0,048 0

Reagent 1 - 2 g, of hydroquinone finely powdered
dissolved in 76% (v/v) HoS0, by
shaking at room temperature; used
within 12 hr ®

Reagent 2 - as for reagent 1, but heated at 40-50°
‘ C. to aid solution,

Reagent 3 - as for reagent 1, but 3 weeks old.
'Standard! - pure ocestriol.

'Extract'! - oestriol put through extraction
procedure faclng p.25.
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Hydroquinone monosulphonate is & weaker reducing
agent than hydroquinone (Pinnow, 1915), so it 1is
considered llkely that reagents prepared and used as
suggested by Brown (1952b) permit Type I inhibition
because of lessened reducing power, The change of this
type of reagent has been noted before (Chamot and Pratt,
1909, 1510). Dr Clayton in this laboratory in 1949
noted that the best results in the determination of
oestriol in the presence of solvent residues wore
obtained with a reagent made nup as suggested by Venning
et al. (1937) if the reagent was not more than three
days old, Marlow (1950) also used a freshly preparsed
reagent, The results of experiments designed to show
improvement in the inhibitlon of colour development by
ether residues are shown in Table 7 on the facing page.

It 1s now possible to explain the sction of m-
cresol in stabilizing the hydroquinone reagent on the
basis that 1t 1s a stronger reducing agent than hydro-
quinone monosulphonate. An attempt was made to
obtain & reagent which would be stable on agelng by
substitution of duroquinol for hydroquinone, but it
was found to be too strong a reducing agent, oxldation
to intensely coloured products occurring on heating
in 76% (v/v) sulphuric acid. It was declded,
therefore, to retain hydroquinone a&s the reduclng
agent as suggested by Brown (1952b), but with the
essential/
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essential requirement that hydroquinons must be
freshly added to the reagent immediately before the
colour reaction wis carried out.,

In the case of oestrone and oestradiol it has been
found thet slnce there is no necessity for free hydro-
quinone in the reagent ageing is of no importance. The
recoveries of oestrone and oestradiol from agqueous acid
by extraction with ether are satisfactory whether
freshly prepared or one month old reagents are used,

This is shown in Table II, Appendix IV, p. 18-19.

5. Type II Inhibition

™e second stage of the Kober reaction in 1its
various modifications consists of reheating the yellow
fluorescent product of the first stage in more dllute
Hz S0, during which there is a conversion of yellow to
pink, This change occurs only at concentrations of
HzS04 below 50% (ef. Cohen and Bates, 19473 Brown
1952b), Brown (1952a) showed that this EQEZE could be
facllitated by the addition of ferrie lon or hydrogen
peroxide with the diluting water, This observation
has been confirmed and cupric ion also found to be
effective. ITheae facts suggest that this second stage
13 oxidative in character, Haennl (1850) found that the
addition of traces of Fe™ ™t to a phenolsulphonic acid

reagent alded the coumplete conversion to pink, This
second/



Table 8., Varilations in optical density obtained on
development oI COLOUr wWith pure oestrogen
residues using hydroquinone resgents,

” Oestrogen used Daove

Oestriol (25u«g.) 0,125, 0,125
0.,176, 0,180
0,156, 0,160
0.153, 0,153
0.139

Oestradliol-l7f 0,196, 0,193

(25uge) 0,223 '

0,186, 0.175
0.186, 0,186
0,194, 0,196

Oestrone (25u«g.) 0,237, 04240
0,268, 0,268
0.235, 0,235
0.242, 0,242
0.224, 0,224

Ol G100 Gl G120 Ui IO Féj
o
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This second stage 1s followed in most modifications

by a subsequent dilution to lower sulphuric acid
coneentrations for ease of colorimetry. In at least
two methods (Bachwan, 1939; Brown, 1952b), thils step

1s in fact en active process, in that further conversion
of yellow to pink occurs during standing et room temper-
ature., It was felt that this uncontrolled, almost
fortuitous completion of the reaction was undesirable

in that contaminants from solvent or urine residues
might interfere., Moreover, with the hydroquinone
reagents (Brown, 1952b), appreciable day-to-day
variations were encountered in the final colour pro-
duced by standard solutions of the three ocestrogens

as 1s shown in Table 8 on the faelng page. These
results were obtalned in the perilod December 4-12th,
1951, The reagents used were made from B,D,H,(A.R.)
sulphuric acid exactly as recommended by Brown (1952b);
the colour reaction was carried cut as detalled in
Appendix II (pe 7 ), with the exception that in the
case of oestriol only, 0.2 ml, of ethanol was added to
the dry residue in the reaction tubes (including the
blank) immediately before carrying out the procedure. It
might be argued that this varletlon is unimportant in
that 1t could be corrected merely by always including
standards with the unknown solutions during the colour

reactions, In this period, however, variations

as/
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as great as 15-20% weﬁe encountered in the recoveries
cbtained wlth the complete method, These variations
were not obtalned in the guadruplicates done, but
between 1dentical experiments carried out on different
days, For example, one set ol recoverles for oestra-
diol by the celour correction formula geve values of
68%, 80%, 80%, 80%, and on repeating the experiment two
days later recoveries of 89%, 92%, 93% and 95% were
obtained, There appeared to be some uncontrolled
variable which was influencing the colour developed
by the oestrogens in the hydroguinone reaction., The
possibllity of traces of oxldizing agents in the
glassware was ruled out in view of the rigidly con-
trolled weshing procedure which was introduced very
early in the investigation (see Appendix II, p. 10).
Definite proof of the unsatisfactory nature of the
colour reaction was found in a group of experiments,
examples of which are gilven in Table 9. The oestrogen
used in these experiments was oestriol, and the colour
reaction in one case was carried out exactly as re-
commended by Brown (1952b) - Reaction 2 - and in the
other - Reaction 1 - stabilized by the addition of 0.1
ml, of m-cresol to the dry residue of cestrogen in the
reaction tube, A comparison is shown between colours
obtained from oestrogen extracted from agueous acid in
the method deseribed on p.25 , and those obtained from

oestrogen to which the solvent residues resulting from

a/
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a blank extraction were added:

Table 9, Depression of colour produced by hydroquinone
reagent with solvent residues,

Deorp,
Reaction OQestriol Deoa Dgox DGOQ fecovery
1X Standard 0.180 0,028 0 i
Extract 0,152 0.038 0,003 81%
Blank extract 0,165 0.052 0,009 84%
+ standard
Blank extract 0,014 0,017 0,004
2 Standard 0.162 0.026 0
Extract 0.150 0,078 0,033 0%
Blank extract 0,150 0.061 0,022 8%

+ standard
Blank extract 0,028 0,043 0,015

x Stabilized with m-cresol (see text)

Evidently the apparent loss of ocestriol by ex-
traction was mostly due to inadequate development of
colour in the presence of solvent residues, Attention
was next directed to the precise stage of the colour
reaction which was causing the varlability of results,

In Brown's publication (1952b) no suggestion was made

that prolonged standing at room temperature of the

finally diluted solution was necessary for full

development of the colour.In his Fig.5(loc.cit,.),however,
it can be seen that dilution to 40% without further heating
increased the optical density almost 15% over that ob=-
tained at 60%. It was felt that this increment in
colour might be the cause of Type II inhibition. The
results shown in Table 10 indicated that this increase

in the colour of the finally diluted solution did in
fact/
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fact take considerable time.

Table 10, Increase in colour in final stage of hydrow
MiN0Ne YeechLion on stending at room

gmperagure (0escrlio .

Ixtracted from ether Daoe Dgoa Deos
Read in 10 wmin, 0,169 0,083 0,013
2 hr, 0,173 0,065 0,012
12 hr, 0,178 0,058 0,012
Pure oestriol
Read 1n 10 min. 0,183 0,042 0
2 hr. 0,168 0,035 0
12 hr. 0,178 0.028 0

In this experiment the colour development proceeded
at approximetely equal rates in both cases, Brown
(1953) has confirmed this result end extended 1t to
show that iIn the presence of urine residues the develop-
ment of the final colour at room temperature was
delayed,

This defect in the colour reaction once demon-
strated, the correction seemed to be obvious, Other
workers (ef. Venning et al.,, 1937; Cohen and Bates,
19473 Brown, 1952b) had shown that decreasing the
sulphuriec acld concentration of the second stage alded
the conversion of yellow to pink, Accordingly a re-
investigation of the amount of water added and of the
heating time of the second stage was carried out for
oestriol,

254 g. of oestriol in a test tube (18 mm, x 150 mm, )
were dissolved in 0,1 ml, of m~cresol and 4 mi, of 29
hydroquinone (w/v) &n 76% (v/v) AR, HgS0, added, ™Te

solutions were heeted in a boiling water bath for 20
minutes/



Table 12, Effeet of time of heating in second stage
on modiried oestriol colour reactlon.

Time of heating Dsoe Dgoa

i

0 0,126 0,046
: 4 0,132 0,033
2 0,147 0,029
3 0,155 0,025
4 0,159 0,025
5 0,161 0,025
6 0,161 0,025
7 0.168 0,025
8 0,166 0,023
9 0.164 0,024

N.B. Solutions were diluted to 15 ml, with 33%
(v + v) A,R, sulphuric acid to glve a final
concentration of approximately 40%.
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minutes, shaken thoroughly at 2 and 5 minutes, After
cooling,distilled water in the amounts shown below was
added, thoroughly mixzed by sheking, and the solutions
reheated at 100°C. for 8 minutes, After cooling the
solutions were diluted to 15 ml, to give a final Hy S0,
concentration of 40% (39 and 38% in the case of the 2.5
and 3,0 ml, additions), and read after 10 minutes with
a blank to which 2 ml, of water had been added, The

results are shown in Teble 11,

Table 11, Effect of amount of water added in second
stege on colour developed by Oestriol (L)

Amount of Daoa Dgo

water added - =en
ml,
045 0,128 0,058
1.0 0,139 0.049
1.5 04150 0,045
240 0,155 0,031
2.5 0.155 0.020
3.0 0,140 0,018

It will be seen that 1 ml., of water was insufficlent
to cause maximal formation of pink colour.

In order to determine the optimal heating times a
similar experiment was carried out adding 2 ml, of
water to all the tubes prior to the second stage, and
varying the length of heating time. The results are
shown in Table 12 on faclng page.

T™is modified reaction thus appeared to have over-
come the Type II inhibition previously noted, The dls-~
crepancy with Brown's results (1952b) remained
unexplained, and use of this reactlon still gave

considerable/
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considerable day~to-day variation in the eolours
obtained with standard solutions, It was suspected
that other factors as yet undiscovered were involved,
and these suspicions were confirmed as will be seen

in the following section.

4, Fedling.
It has long been recognized that the plnk colour

obtalned may in turn be converted to a colourless com-
pound, Kober (1931) demonstrated fading by neutral-
izatlon or oxidation, The importance of this type of
interference in explaining depression of colours
obtained by urine residues was first recognized by
Cohen and Marrian (1934), who prevented the fadling by
increasing the sulphuric acld concentration of the
second stage., Brown (1952¢), by the same means,
obtalned more consistent results with the wethod of
Venning et al. (1637). In the present investigation
it was observed that sunlight, to the extent found
within a laboratory, plays & major role in Type II
inhibition and faeding., Typlcal results for ocestriol
are shown in Table 13,

The reagent used was 2% hydroquinone in 76% (v/v)
A,R, sulphurilc acid, In the reaction 4 ml. of the
reagent added to the dry residue were heated in a
boliling water bath for 20 minutes, shaken vigorously
at 2 end 5 minutes, After coollng, an amount of 1 or

2 ml, of water was added as shown and after thorough

mixing/
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mlxing the solution heated for 5 minutes, The tube

was cooled and tha contents diluted to 15 ml. by the

addition of either 30% (v+v) or 33% (v+v) sulphuric
ecid to give a final concentration of approximately

| 40% sulphuric acid, The colcur intensity was read at

5 minutes end subsequently as shown,

Table 13. Influence of sunlight on develonment of
oestriol colour,

a, In sunlight in all stages

l ml, H.O 2 ml, Hz0
¥in. Dgos Daox Deos Beoa
5 0.170 0,044 0,151 0.048
15 0.160 0,042 0.148 0,036
20 0.1556 0,043 0,140 0,025
120 0,153 0,041 0,132 0,032

be In laboratory at night

1l mi, H,O 2 mi, H;0
Dsoa Deg o1, Deoa Dgox

15 0,189 0.072 0.200 0,053
90 0,194 0,065 0,199 0,049
120 0.198 0,057 0,199 0,048

These results ere obviously "ost complex and show
the interplay of two separate variables, viz., illumin-
ation end H 80, concentration, The following facts
seem to be established:

1., Lowering sulphuriec acid concentration has aided the
conversion of yellow to pink as shown by lower Dgoy
readings in both cases with the 2 ml, diluent,

1i. A sivilar facilitation is shown by the amount of
1llurination present in the laboratory on this
particular day.

i11. /
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111, In the absence of sunlight, 1 ml, H;0 diluent is
insufficlent to bring about full conversion of yellow
to pink during the colour reasctlon; this requires
prolonged standing of the finally diluted solution,
This is indicative of the Type II inhibition to which
reference has already been nade,

iv. In the presence of sunlight even with 1 ml, of
water as dlluent, the low initlal optical density
suggests that feding has occurred during the second
stage or immedlately on dilution., This effect 1s
markedly increased at the lower concentration of
sulphurle acld for the second stage with which even on
irmmediaete colorimetry a 257 depression of colour
Intensity has occurred,

v. Only in one case was & satlsfactory stable
coloured product obtained, This was done by carrying
out the reaction away from bright light at all stages
and evolding Type II inhibition by the use of a second
stage of approximately 50% rather than the recommended
(Brown, 1952b) 60%.

These results offered a reedy explanation for the
day-to-day varlations in the intenslty of colour pro-
dueced, and for the dlscrepancies between my results
(Teble 11, p. 36 ) end Brown's (1952b) in the optimal
amount of water added in the second stage, The
kinetics of the photocheumlcael reaction involved were
not investigated. This experiment was conducted under

conditions/
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econditions of illumination similar to those under
which the original work had been carried on by Dp
Brown (l.e. western exvosure). The heating procedures
were carried cut in a wetal bath, but in the diluting
steps the tubes were exposed in en open rack, This
finding offered a loglcal explanation of the dis-~
crepancics obtained in the 1nvestigatlon of the hydro-
quinone colour reaction: since the laboratory never
received any direct sunlight, Under the usual oper-
ating condltions, therefore, it was to be expected
that with the recommended 60% sulphuric acld concen-
tration for the second heating period difficulties
would be encountered in full conversion of the yellow
to the pink, Type II inhibition belng present unless
there was & long interval between final dilution and
colorinetry. This effect was of such practipal
importance that 1t was reinvestigated under differing
conditions of light, 'The results of these experiments
and the results obtalned with oestrone and ocestradiol-
17@ are shown in Appendix IV, p.21-3, It 1s of
intereat that the sulphuric scld colour reaction for
cholesterol is known to be photosensitive (c¢f. Kenny,
1¢52), and that Szego and Samiels (1943) kept thelr
solutions in the dark at one stage of the reaction,
Kober (1938), too, noted the effect of sunlight on his

p-naphthol resgent,

P, /
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D. Developuent of & Modifled Hydroquinone Sulphuric

2Acid Resetrion,

l. CGeneral Discusslon

It was apparent {rom the results already presented
that the use of the modlified Kober reaction daveloped
by Brown (1952b) was an unsatisfactory method for
quantitative estimation of small amounts of cestrogen
in presence of relatively large amounts of solvent or
urine residues., Three possible forms of interference
with the colour development have been demonstrated, In
the first of these, the Type I inhibition, 1t appears
that in the case of oestriol the absence of an effective
reducing agent during the first heating stage of the
reaction allows & yellow coloured complex to be pro-
duced which falls to undergo conversion to plnk on
reheating with diluted sulphuric acld. In practice
this econdition is found when an aged reagent (in which
all the hydroquinone 1s sulphonated) is used for the
determination of oestriol in the presence of ether or
urine residues, This fault can be eliminated by the
addition of ethanol or m-cresol toc the reagent immedl-
ately before production of the colour. This, however,
frequently results in the appearance of turbidity in
the coloured solutions, A more satisfactory wmethod 1s
to use only freshly prepered reagent or to add

hydroguinone/



immediately before use,

The other two types of colour interference are
found with all three oestrogens and are due to the
fact that the colour change from yellow to pink is a
graded oxldation which, 1f excessive, results in dis-
eppearance of the colour, There are thus two addition-
al forms of interference with colour development, One
of these, the Type II inhibition, the fallure to con-
vert the yellow complex to the pink derivative, is
overcome by the presence of sunlight or the use of a
more dilute sulphuric acid concentration for the second
atage. The 6ther, fading of the pink colour, results
when the second heating stage is carried out at a
sulphuric acid concentration of 50% in a brightly

1l1luminated laboratory,

2. Modification of Procedure

Brown had shown that the colour produced by using
a 60% sulphuric acid concentration was stable even on
heating for 2 hours. This suggested that elimination
of the final dilution to 40% would remove any tendency
to fading. Moreover, since only 7.5 ml. were required
for colorimetry, it was decided to substitute thils
final volume for the 15 ml, recommended and thus double
the intensity of the colour produced, In order to
provide a convenient means of varying the sulphurie

acid concentration of the second (and in this case the

final/
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final) stage, dilution was effected with aqueous
sulphuric acid in fixed volume rather than pure water.
For convenlence the procedure was adopted of adding 4
ml, of the reagent, prepared as in Appendix II, p. 7
and heating for 20 minutes, After cooling, 3.5 ml., of
aqueous sulphurle acid were added, and the effect of
heating times investigated.

The results obtained with oestrone are shown in
Fig. 1 opposite. It wlll be seen that adding 3.5 nl.
of 53% (v/v) HgSO, to a serles of 11 tubes each con-
taining 25« g. of oestrone, and withdrawlng samples
at 2 minute intervals from 0-20 minutes gave values of
optical density increasing in dlrect proportion to the
heating time with the green 604 filter (upper graph)
and steadily diminishing values with the violet 601
filter (lower graph), Even with 20 minutes heating
maximum formation of pink was not achieved. This then
is indicative of Type II Inhibitlon. On the other hand,
when 3,5 ml, of 10% (v/v) HaS0, were used, giving a
second stage concentration of epproximately 40%, the
maximim intensity of the pink colour was found after
only 6 minutes of heating. (The samples which were
heated longer showed lower values of 0,D.gog, indl-
cating fading). The residual yellow colour as shown
by 0.D.g0y was lowest under these condltlons, A
similar but less marked effect was found in the time

heating curve obteined with 3.5 ml, of 20% HgySO4,

giving/
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giving a second stage concentration of approximately
45%. The graph also shows that with 3,5 ml, of either
30 or 40% (v/v) HaSO, and 15-20 minutes heating full
conversion of yellow to pink was achieved (l1.e. Type
II inhibition overcome) with no tendency to fading.

In these experiments Pyrex test tubes (18 mm, x
150 mm,) were used, In order to minimize changes in
final volume due to the loss of water from the solutions
or condensation of steam inslde the tubes during the
heating perlods, tubes of larger bore with standard
taper glass socket joints fitted with tops (see
Appendix III, p,., 13 ) were introduced. It was found
that this increased both 0,D.goe 8nd 0.D,goy, the in-
crease in the former belng proportionately greater, It
was felt that this enhancement was due to lncreased
exposure to atmospherle oxygen, This was confirmed
by showing that continual stirring (breaking the sur-
face of the solution) in the second stage increased the
colour obtained in the narrow-bore tubes to that
obtained in the others,. The larger bore, however,
allowed optimal aeration since continual stirring
produced no increase of colour over that obtalned in
the standard procedure of shaking the tube 5-10 times
after dilutlion and prior to heating. Thus in the

small-bore tubes 0.,D.goq fOr cestrone obtalned with

3.5/
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Fig 2. Effect of Variation in H,SO, concentration of second stage (oestriol)
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3.5 ml., of 30% (v/v) HgSO, and & second heating period
of 15 minutes was 0,465, 0,459 with mixing only at
start of second stage, and 0,483, 0,479 with continuous
stirring during the second heating., With the larger-
bore (hereafter called Kober) tubes values of 0,479,
0,483 were obtalned with mixing only, and 0,480, 0,483
with continuous stirring, Subsequently the Kober
tubes were used and the contents mixed vigorously
shaking 5-10 times before the second heating, The
final colour obtained in all cases remained stable

for hours, Thus if the second stage conditlons are
unsatisfactory for full converslion of yellow to pink,
the resulting Type II inhibition cannot be overcome by
further reaction on standing at room temperature.
Similerly 1if the conditlions of the second stage are
such as to cause fading, this will occur during the
heating period and wlll not be increased on standing
et room temperature,

A similar experiment showing the relation between
time of heating and HzS0, concentration of the second
stage was carried out using 25« g. quantities of
oestriol, The results are shown in Fig, 2 opposite,
Again Type II inhibition and fading were demwonstrated
at second stage concentrations of 40% and 60%

respectively. The graphs obtained with 30% or 20%

(v/v) /
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38| Fig3. Effect of Variation in H,SO, concentration of second stage (oestradiol)
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(v/v) HgoSO0, indicate freedom from both Type II in-
hibition and fading with heating times of 15-20 minutes,
These results were obtalned with a reagent prepared the
same day by shaking finely powdered hydroquinone (2%
w/v) in 76% (v/v) HySO, at room temperature, This
reagent, since 1t contains free hydroquinone, would be
capable of preventing Type I inhibition from solvent
residues, Simllar results were obtalined with an aged
(3 weeks) oestriol reagent, the same relationship
exlsting between heeting times and H;S0, concentration,

Fig. 3 on the facing page shows the results of a
similar investigation of the most suitable diluent
and heating time for cestradlol-1l7p. Type II in-
hibition is demonstrated with a diluent of 604 H;S0,
(second stage concentration of 60%), and fading is well
shown with 104 (v/v) HgSO, as a diluent. 1In general
these two effects were somewhat less marked than with
the other oestrogens, but the greater irregularity of
the graph suggests some instabllity of the reaction
even at second stage concentrations of 50 and 55%
H, 504 ¢

In this investigetion of optimal conditions for the
second stage reaction, it will be noted that for each
of the oestrogens the H;S80, concentration of the flrst
stage was exactly as Brown (1952b) recommended, His
experiments were repeated and confirmed in full, The
use of 76%, 66% and 60% (v/v) HySO, for the preparation

of/



of the reagents gave optimal formetion of the yellow
coloured complex in the first stage. Brown (1952b)
originally suggested a 609 (v/v) reagent for both
oeatrone and oestradlol-l7p, but subsequently (1952¢)
usad separate reagents as above,

At this stage of the lnvestigation 1t was thought
that the difficulties of the hydroquinone ecolour re-
action had been eliminated and that these modifications
of procedure had removed the three possible forms of
interference with colour development. With the
removal of the unnecessary final dilution no effect of
sunlight could be demonstrated., The modlfied procedures
based on experiments such as have been shown in Figs,
1-3 were as follows:i~

The reagents were prepared as descrlbed in
Appendix II, p. 7 , with the exceptlion that the
solution of hydroquinone in the cestriol reagent was
effected at room temperature and used within 24 hours,
The appropriate reagent (4 ml.) was added to the dry
resldue of oestrogen in a Kober tube, a top fitted,
and the solution heated for 20 minutes in a bath of
bolling water, the tube being shaken at 2 minutes and
5 minutes, and then cooled in running tap water; 3.5
ml, of 30, 40, or 50% (v/v) HpS0, were added to
oestriol, cestrone and oestradiol-l7p respectively,
the tubes shaken vigorously 5-10 times, and reheated
with/
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with tops in place for 15 minutes, After cocoling
in running tep water the optical densities with the
green 604, violet 601 and yellow 606 Ilford fllters
were read in a Spekker colorimeter against the

approprilate reagent blanks,

3. MNodiflcatlon of the Reagent.

The application of this modified colour resction to
recovery experiments of the three oestrogens gave en-
tirely satisfactory results, It was, however, noted
that the solutions did not completely obey Beer's
law, some deviation at the higher concentrations being
found, More will be sald of this later, At this time
Cox (1952) working in this Department was finding a
marked difference in behaviour of A.,R., grades of
auiphurio acid in the Barker and Surmerson colour
reaction which he had adopted for determination of
acetaldehyde, It seemed possible, therefore, that
different batches of 'pure'! sulphurie acid might behave
differently in the time heating curves feor the second
stage of the reaction, Venning (1952) noted the
dependence of the conditions developed for the phenol-
sulphonic acld reaction (Venning et al., 1937) on the
bateh of sulphuric acild used, In the determination of
oestrogens by their fluorescence in sulphurlc acid,
variation with the type of sulphuric acid has been
noted (ef. Engel et al., 1950), Before finalizing the

present/
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Fig4. Effect of type of H,50, used in second stage  (oestradiol)
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present colour method the effect of A.R, HgySO, from
two manufacturers (British Drug Houses and Hopkins &
Williams) was tried. The results with cestradiol-l7pg
are shown in Fig, 4 on the fecing pege. The marked
difference between 0.,D.40¢ Obtained with reagents wade
from B.D,H, sulphuric ac¢id and those obtained from
Hopkin & Willlems reagents, as well as the markedly
different slopes of the graphs, is apparent. The
effect of inclusion of 30 mg.4 (w/v) of CuSO,.S5Hg0
in the 60% Hz80, used for dilution 1s also shown,
Qualitatively simllar effects were found by the
addition of 0,3 mg.% NaNOg, 30 mg.% FelNHg (S0, )g.12H0,
These results were considersd highly significant
and 1t was felt that they rendered all conclusions so
fer reached virtually valueless, In the first place,
1t was apparent that the type of sulphurie acld used
could csuse differences in intensity of colour as wide
as 15%, and although this could be corrected by the
inclusion of standard sclutions in each oestrogen
assay, the‘poasibility existed that certain batches of
sulphuric acid would give so little colour as to
diminish seriously the sensitivity of the method,
Secondly, the investigation was clearly not being con-
ducted under conditions optimel for the production of
the colour, so that trace contamination introduced
during the course of the reactlon might cause erronsous

results, Finally the alteration in the shape of the
time/
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time heating curves suggested that conditions chosen

as most sultable for the exclusion of Type II in-
hibition without fading might vary from one reagent to
enother., This was the most serious defect, and although
not spparent from Fig, 4 1s a real danger, as will be
shown later,

It was felt at thils time that these effects seen
with different batches of sulphuric acld were related
to the deviation from Beer's law found at the higher
concentrations, It seemed possible that these sub-
optimal conditions resulted from a deficlency of some
particular oxidant in the sulphuric acid or reagent,
end that this defect would become more pronounced at a
higher concentration of oestrogens, As wlll be seen,
this supposition was later proven to be at least
partly false, but the ldea was responsible for the use
of 50u g« quantities of oestrogen in the subsequent
investigations,

The initial approach to the problem was entirely
empirical, It was felt that an ldeal oxidizing agent
had to be found simller to that presurmably present in
B.D,H, HgS0¢, On this basls literally scores of
experiments were carried out using possible contamin-
ants of sulphuric scid such as Pb, NOz™, NO0g™ and
Fe'**, Te results were inconclusive, demonstrating
only the instabllity of the reagents and the enhancing
effects/
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effects of oxidlizing agents in generel, The inclusion
of the oxidant in the first stage gave more intense
colours than 1f it was merely added with the second
stage diluent; morecover the intensity varied with the
age of the reagent, A wost informative experiment 1is

shown in Table 14,

Table 14, Effect of time of addltion and age of re-
agent on enhancerent of colour proouced b
__xﬂar' OfeNn peroxide IoesfradIoI-IgE, BQIg.E

Addition of S50ug. of Hz0,in first stage.

DG 04 Dl o1
5 weeks o0ld reagent 0,682 0,161

0,697 0,192
I'resh reagent 0,770 0,165

0,762 0,166

Addltion of 50« g. of H.0 in second stage.

Dgoe Dgoa
3 weeks old reagent 0,613 0,190

0,698 0.176
Fresh reagent 0,666 0,169

0.687 0,170

N.B, 3.5 ml, of 60% (v/v) Hopkins & Willlams H;SO,
added in second stage, heated 15 minutes,

One notices that greater intensities were pro-
duced by the addition of the oxldizing agent in the
first stage of the reaction, Moreover the deeper
colour was found with the freshly prepared reagent.
This suggested that the degree of sulphonatlon of the
hydroguinone/
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hydroguinone in the reagent affected the enhancement

of colour by the added oxidizing agent, S8ince hydro-
guinone monosulphonate 1s more stable to oxidetion than
free hydroguinone (Pinnow, 1917) it was possible that
the oxidants were exerting their effect on the reaction
of the cestrogens indirestly, by oxidation of the hydro-
quinone itself, Vhen Professor Marrian's suggestion
that qulnone be added to the reagent was Investigated,
i1t was demonstrated that a large excess of hydro-
quinone was required in the resgent in addition to the
guincne, Moreover, the order in which the quinone

and hydroquinone were added made a significant differ-
ence., The results of a typlcal experiment using 60%
HeS04 concentration for the second stage are shown in

Table 15,

Table 15, Effect of mode of addition of guinone and
hydroquincne In vreparation of the reagent.

Reagant DQ 04 Da 01
1 0,775 0.1569
0,761 0,162
2 0,685 0,183
0,874 0,102
3 04663 0.186
0.654 0,196

Solvent throughout was 60% (v/v) Hopkins &
Willlams H;50,.

Reagent 1 - 2 mg,% quinone in solution, then made 2%
hydroquinone by addition of solid
(opalescent)

Reagent 2 - 2% hydroquinone in solution, 2 mg.%
quinone added,

Reagent 3 - 4% hydroquinone in solution added to equal
volure of 4 wug.% quinone in solution,

One/



Table 16, Effect of var;igﬁ mixbures of guinona/
hyaroquinone in e reagent.

Reagent

l.

2.

Se

4.

Se

2 mg.% quinhydrone in 60%
HaS0,

Reagent 1 + 0,5% hydro-
quinone

Reagent 1 + 2% hydroquinone

100 mg. hydroquinone in 60%
H,S0, containing 1 mg.%
NaNOg

2 g. hydroguinone in 60%
Hg SO, containing 1 mg,%
HalNOg

Dgos

0,583
0,553

0,638
0,658

0,694
0.684

0,569
0,550

0,690
0,676

Dgox

0,243
04243

0,174
0,179

0,170
0,170

0,168
0.150

0.167
0,167
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One sees that the most effective reagent was pre-
pared by adding solid hydroquinone to a solution of
quinone in 60% (v/v) HzS0, and that the least effective
resulted from mixture of the two in solution, This
finding was confirmed repeatedly. The former reagent
was opalescent but removal of_thi;;g§v;;1tration
through porosity 4 sinter glass did not lessen its
effectiveness, It seemed desirable before proceeding
further to obtaln some idea of the mechanism of these
pecullar effects.

Brown (1952¢) suggested that the hydroquinone
reagent on ageing in fact represented an oxidetion-
reduction system of the hydroquinone = guincne pair,
The peculiar results Just reported suggested that
something more than thils was in fact required, and
experiments were carried out to test the hypothesis,
The findings, shown in Taeble 16 opposite, suggest
thet & poised system of hydroquinone/quinone is not
desirable but that a large excess of hydroquinone is
required, since reagents 2 and 3 are better than re-
agent 1, and reagent 3 than reagent 2, The results
obtained on addition of hydroguinone to 60f sulphuric
acld containing an oxidizing agent were highly
significant, Reagent 4 was a pure lemon yellow much
more intense than reagent 5, Assuming this to be

due to the greater content of quinone in the foruer

reagent/
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reagent, one might suspect that in the preparation of
reagent 4 there was enough oxidizing agent to convert
the hydroquinone through the semiquinone to the
quinone, wheress in reagent 5, with its much larger
content of hydroquinone, more of the available
oxidizing agent was utilized in the conversion of
hydroquinone to the intermediate stage, At any rate,
no other explanation of this effect suggests itself,
It 1s true that semiquinones do not exist in dilute
aclid solution due to the availabllity of hydrogen
ions (Michaelis, 1935), but it is conceivable that this
sltuaetion does not apply in strong HpySO0, solutiouns,

It was demonstrated that hydroguinone was mich
more soluble in 60% HgS0, than gulnone, and guinone
more soluble than guinhydrone, Dissoliving quinone
in 60% H,S0, gave & colourless solution which on
heating turned green and became cloudy, This occurs in
all types of sulphuric acid and is not prevented by
oxidlizing agents. Addition of solid hydroquinone
causes a disappearance of the green colour, the solution
becoming pale yellow and cloudy. The turbidity mey be
due to the formation of the semlqulnone radical, but
regerdless of the mechanism, for each individual type
of sulphurlc acid, this wmethod of preparing the reagent
gives a cloudy solution vhich after flltratlon causes

maximm pink colour formation with oestrogen on

applying/



Fig-5. Comparison  between pure reagent and reagent containing quinone,
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applying the modified hydroquinone reaction, A slight
difference (about 5%) ean still be found between HySO,
from different suppliers, This difference can be
eliminated by the addition of 1 mg.% NaNOz to the
diluted H.S0, before the quinone, Since the type of
sulphurie acid used in the dlluent was found to
influence the reaction slightly, this possible variation
was elimlnated by returning to the former practice

of adding distilled water in the second stage in order

to obtain the required salphuriec acid concentration.

4, N¥odified Procedure and Reagent

A comparison of the two reagents in the medified
procedure with 504 g. of cestriocl is ghown 1a Fig, S
on the facing pege and Appendix IV, p. 23 . Preliminary
experiments showed that & second stage concentration of
approximately 55% was required in order to avoid Type
IT inhibition with the Hopkins & V1lllams reagent, and
this was obtained by heating 5,5 ml. of the reagent
end 100 mg, solid hydrogquinone for 20 minutes and
diluting with 2 ml, of water, The figure shows that
low values of 0,D.g0e a7e obtained, that the ratio of
0.Dvgoa/0sDegoy gradually rises with increasing heating
time, and thaet occaslonal high values result, due
probably to chance contamination. Ageing of the re-
agent aided the conversion somewhat but did not
inerease the intensity significantly or lessen the
irregularity/
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irregularity. It 1s spparent that the conditiocns
optimal for svoldance of Type II inhibition with the
Hopkins & Williams reagent in fact result in a tendsney
£o feding when the B.,D.H, reagent is used, The use of
freshly prepered modifled reagent containing NOz™ and
quinone and a second stage concentration of 60%,
clearly facilitated the conversion of yellow to pink
and produced maximum intensity of colour,

Fig. 6 of the facing page chows the effect of
ageing on the modifled reagent. There is a slight
decroase In 0.D, g0 attended by a diminution in
OeDegoa/ODegoys The latter effect is shown more
clearly in Appendix IV, p. 25 . This was felt to
be undesirable when a colour correction formule is
being used, and it 1s seen that the effect caen be
revergad by adding another 100 mg. hydroqulnone at the
stert of the second stage. A similer addition to the
pure reagent also corrected thls tendeney but did not
remove the other defects already noted, Since the
precise amount added is not critical, for convenlence
a spoon spatule was cut down 80 as to hold when filled
the required amount of powdered hydrogquincne, This
readily dissolves within 4 minutes. On the besis of
these results this reagent and a second stage heating

time of 15 mlnuteg were adopted. ™e full detalls
of /
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of the procedure are givan in Appendix II, p. 8.

A coumparison betweén the pure and modifiled re=-
agents under optimal condltions for each is shown in
Fige. 7 on the facing page and Table VII, Appendix IV,
Pe 26 « Preliminery experiments showed with all
reagents that there is an increese in Dg,, with ageing
and that this could be largely prevented by the
eddition of 100 mg. of so0lid hydroquinone at the start
of the reaction, This is similar te the procedure
for oestriol, in which in any case fresh hydroguinone
is required 1n order to prevent Type I inkhibition,
The addition was therefore incorporeted into all the
reactlons, The results shown are quantitatlvely
gimilar to those found with cestriol, Using 29
hydroqguinone in 66% (v/v) Hy50, (Hopidns & Williams),
i.e., 'pure reagent', one finds a certain amount of
Tvpe II inhibltion, but with 15 minutes heating et a
second stage concentration of 53% HgS0,, thisizvoidad
without fading, though an occasionsl errstic result
is seen, Ageing of the reagent under these same
conditions exhibits fading and greater intensity of
coclour, With the modified reagent rmexirum intensity
is obtained together with stabllity, freedom from
fading and the highest 0.Dugoe/OCeDegors The sctual
difference in intensity between the two reagents 1is
legs then 1n the case of oestriol but still =signifi-
cant,

The/
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The effect of agelng of the modified oestrone
reagent 1s shown in Fig, 8 on the facing page, The
agelng removes the slight irregularlities seen with the
fresh reagent end gives a perfectly stable reaction
with no tendency to Type II inhibition or fading., It
has ceused & diminution in the C.D.g04/0.Dsgoy vhich
in this case 1= slightly improved by the additlion of
hydroguinone, Here too, for uniformity of procedure
it was decilded to add 100 mg. of hydroquincne in the
second stage as well, Als0 shown are the results
obtained with this modified reagent at a second stage
concentration of 564, These show a 8light tendency
to fading. This result is included because, as will
be seen, it was one of the methods used In an endecavour
to make the reaction conform coupletely with Beer's
law,

The procedure adopted therefore was to use the
modified reagent at a second stage concentration of
60% HgSO., &8dding 100 mg, of solid hydroquinone at
the start of the first and second stsges., The preclss
detaills of the procedure sre given in Appendix II,

Pe 8 . The stability of this reaction was seen in
experiments in which trace awounts of SnClg, CuSO..
S5H;0 ,As,05, NaNOy, added with the diluting water in the
second stage, produced virtually no chenge in the

intensity of the coloured product,
Fig. /
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Flg. 9 on the faclng page and Appendix IV,p. 29
show the result of e comparilson for 50« g. of
oestradiol-l7p between pure and modified reagents
under optimal conditions for both, Hydroguinone
(100 mg.) is added in the first stage to prevent the
8light decrease in intenslty otherwise seen with all
the reagents, The pure reagent with Hopkins &
Williems Hp80, requires a £6% second stage concen-—
tration to avold Type II irhibition without fading.
Ageling censes a slight fall off in intensity and
diminution ©f 0.D,g0s/0sDegore Under the same con-—
ditions a pure reagent prepered from B.,D.H, HgSO,
shows a very slight tendency to fading. Meximal
intensity is obtalnod with the modlfled reagent at a
second stage congentration of 60%. An effect specific to

oestradlol-=l7p is seen in these charts: with all
reagents there is a variability which is unrelated to
the time of heating, A similar effect can be found
by cerrying through gquadruplicate determinations, The
variation is unrelated to type of reagent used or the
I, S0, concentrations of the first or second stages

and seems to be specific for ocestradiol~l7p, This may
be due to a difference in the colcur complex obtained
(see FPig. 11, p. 61) for difference in absorption
spectra , The eddltion of various oxldizing and
reducing egents in the second stage was without effect
but when the standardized procedure was used with the
modified/
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modified reagent variation in gquedruplicates dropped
from 9% with a fresh reagent to 4% efter 5 days ageing,
with no scatter at ell after two weeks,

Flg. 10 completes the series in showing the
effect of ageing the modified reagent. Here again the
addition of solid hydroquinone 1in the second'stage
appears to be advantageous in preventing the dimin-
ution in intensity. It has therefore been incorporated
in the finalized procedure, agaln to achieve uniformity.
The detalls of the modified colour reaction and reagent
are given in Appendix II, p. 8.

The results reported in thils section show the
necessity of modifying the hydroguinone reagent in
order to secure satisfactory colour development. There
is such a large varlation in different types of A.R,
sulphuric acid that conditions cannot be made suitable
for all brands, Thus a Hopkins & Wllllams reagent
requires a second stage of 50-55% HzS0, in order to
overcome Type II inhibition; at these concentrations
reagents made from B,D,H., acid show fading., This
precludes the use of an unmodifled reagent and can only
be avoided by pooling large amounts of acid and
developing the operating conditlions at the start of
each serles, Moreover it is posslble that certaln
brands of untreated sulphuric acid inhibit the
formation of the colour completely., It is of
interest that Mlller and WMuntz (1938) were unable to

obtain/
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obtaln any colour with acetaldehyde using p-hydroxy-
diphenyl in sulphuric aeld purified by distillation,

If sulphuric acid is treated after dilution with 1 mg.%
of sodium nitrate uniformlity i1s achleved in the oxi-
datlion reduction potential of the system, The
addition of hydroquinone to 2 mg.% quinone in acid so
treated ylelds a reagent which does not require ageing
to reach maximum values in colour development and which
is stable, Its sole disadvantage is that the blanks
are 8lightly coloured, but this has not been found to
cause any inaccuracles, Reagents prepared in this way
from B.,D,H, A.R. sulphuric acld have exactly the same
characteristics in the second stage as Hopkins and
Williams modified reagents in regard to intensity,
pattern of development and stability.

The absorption characteristiecs in the visible
range of the colours developed by oestrone, oestradiol~-
17¢ and oestriol with the modified reagents and pro-
cedure (Appendix II, p. 8 ) are shown in Fig, 11 on
the feclng page, the ratio of intenslitles belng
1:0,84:0,79 réapectively. Measurements were carried
out in 1 em. cell with Unicam spectrophotometer 5r-500,
There is a slight difference in the absorption at
400=-430 m &+, and this also is sapparent from Tables vi-
xi of Appendix IV, p. 23, where the 0.Dsgo0s/0eDegos
varies slightly for the three oestrogens, This

necessitated/
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necessitated a slight modification in the divisor of
the correction formula (Brown, 1952¢) which up to
this time had been:

Dgog = SDgoe = Dgoa

D =
corr .=
3.8

Table 17. Investigation of appropriate factor for
¢colour correction equation.

DQ 04 Dﬁol DBOG Factor
12,44 g. of oestrone 0,258 0,058 0,005 3.72

0,249 0,081 0 3481

0.252 0,049 0 3.81

24.8 4 g« of oestrone 0.480 0,100 0,002 379
0,450 0,100 0.004 3.78
0,495 0,107 0,006 3475
0,502 0,111 0,006 3.74
49.6u gs of oestrone 0,930 0,190 0,008 3,78
0,930 0,192 0,008 377

0,940 0,195 0,010 3476
0,930 0,196 0,008 377

The results of a recheck into the appropriate
factor for the new procedure and reagent are shown
in Table 17 for ocestrone, The factor 1ls obtalned in
each case by calculation in the above equation making
Dgoe = Dgopp,s The mean of all the determinatlions is
3477 80 that this was selected as the divisor for
oestrone, Similar experiments established factors of
34,72 for oestradiol-l7p, and 3.69 for ocestriol,

b, Deviation from Beer's Law

Clayton (1949) had noted the fallure of the phenol-
sulphonic acid reaction to conform to Beer's law,.
Throughout this investigation with all the reagents
used the same tendency was found, On the other hand

moat/



Table 18, Deviation from Beer's law due to Type II

inhlbltlion,
Reaction 1 Regction 2
/“St Dso-‘ D DB 04
oestrone Dgog¢ Dgor Deor Dimes Dsoe Dgoy Deoz
12,5 0.223 0,084 2,7 0,242 0,044 5,5

Ge222 0,084 2.6 0,232 0,054
25.0 0,400 0,148 3.
2

4
0,473 0,094 5
0400 0,150 5

0,473 0,094

37.5 04607 0,208 2.9 5 0.690 0,138 5.0
0,592 0.203 2,9 " 0,680 0,138 4,9

50,0 0,780 0,279 2
2

0,868 0,182 4.8
OT5 0.277 5,61 4.6

o8
8 0892 0,195



moat of the published methods (ef. Vanning'éélgi., 193%3
Brown, 1952b) claim a linear relationship between
optical density and concentration, Szego and Samiels
(1943) on the other hand found deviations from
linearity at higher concentration, In the present
investigation a very large number of experiments has
been done in an attempt to explain this discrepancy.

It appears that three separate and distinet factors

are involved and these will be discussed in turn,

a, Deviations from Beer's law due to Type II inhibition

On theoretical grounds it seemed likely fhat when
the colour reactlon was carried out under conditions in
which the conversion of yellow to plnk was difficalt
greater relative intensities could be produced at the
lower concentrations, An example of this effect 1s
shown in Table 18 shown on the facing page.

In the first reaction 6.8 ml, of a three month
0old 2% hydroquinone in pure Hopkins& Williams 66%

(v/v) HaS0, were added to the dry residues in Kober
tubes and heated for 20 minutes, After cooling 0,7 ml.
HgO was added, and reheated for 15 minutes after
thorough mixing. For the second reaction the same
reagent and heating times were used, but 6 ml, only
used in the first stage and 1,5 ml. HgO added as the
diluent., It will be seen that D/D;..s deviates more
from the theoretical values of 2, 3 and 4 in the

former/
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forrver case. The low Dgoq/Dgoy seems to indicate
Type II inhibition and is indeed a possible cause of
deviation from Beer's law., In the development of the
modlfied procedure, however, 504 g. of oestrogen were
used and second stage concentrations were adjusted to
avold Type II inhlbition., Under these optimal con-
ditions for ease of gonverslon of yellow to pink
deviations from Beer's law cannot be due to Type II
inhibition,

b, Conformity with Beer's law due to fading.

By the same reasoning it should be possible to use
conditions for the second stage which would allow
fadlng to occur, thus affecting the lower concentrations
more., An example of this type of effeect is shown in
Teble 19.

Table 19, Effect of fading on relation between
optical denslity and concentration

De 04 D

A go oestriol Deos Dgox Peos Diges
12,5 0,171 0,030 5.7
0,171 0,031 5,5

25.0 0.534 0.061 5.5 1.99
0,346 0,068 5,0

57 .5 0.504 0.104 4.8 2.93
0,610 0,110 4,6

50,0 0.685 0.150 4,6 4,02
0,690 0,155 4.4

These results were obtalned by using the modified
oestriol resgent contalning quinone end nitrate, but

the/



the reaction was altered from the standard one by using
5.5 ml, of reagent in the first stage and diluting with
2 ml, of HgO, These conditions were shown to cause
fading on heating during the second stage. It will

be seen that linearity has been achleved but thet
Dgoe/Deoy falls as the concentration rises, In

this example the fading has been just enough to
counteract the tendency to deviation from Beer's

law which seems to be inherent in the reaction, and
thus achieves linearity of the relatlonship between
optical denslty and concentration, Obviously on
occaslon the two opposing effects may be unequal, so
that relatively more intense colours could apparently
be developed at the higher concentrations, It 1s
significant that Clayton (1949) also noted this effect,

¢e Inherent lack of conformity with Beer's law,

In the procedures which have been developed in
this investigation Type II inhibltion and fading have
been effectively eliminated from the colour reaction,
Nevertheless strict conformity with Beer's law has
never been obtained even under optimal conditions and
regardless of the reagent used. This has already
been shown in Table 18, p. 63 for a pure Hopkins &
Williems reagent, It 1s true also of B,D,H, pure
reagent and the modified reagent recommended in this
investigation, This fact (with the probable
explanation/
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explanation) is shown in Table 20,

Table 20, Effect of instrument on deviation from
Beer's law.,

Ag. |Spekker| D Junior |D Unicam|D
oestrm ﬁlg.s Unleam ﬁlg .5 SP.,O“‘ 313 5
ODgoe ODg1z+8 ODg1z+8
12.5 0,189 0,174 0,237
0.181 0,174 0.231
25‘0 0'568 1095 0'315 1.8 0'454 1.93
0,362 04323 0,450
37«5 | 0,560 | 2,94 0,455 | 2,62 0.684 2,93
0,555 04457 0,686
50,0 | 0.726 | 3.8 0,588 | 3,36 0,220 3.88
0,715 0,588 0.898

These results suggest that the slight epparent
deviation from Beer's law is inherent in the colour
reaction and the degree varies with the perticular
instrument used, Strict linearity of the relationshlp
between concentration and optiecal density is only
obtained with wmonochrometic light, Vhere hetero-
chrometic incident light is used solutions with sharp
absorption maxima such as we have here tend to show
deviations from Beer's law (West, 1946),

The relation between optical density and concen-
tration for the other two oestrogens in the standard-
ized procedure - Appendix II, p. 8 , 1s shown 1n
Table 21, the Spekker colorimeter belng used.

Table/
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Table 21, Relatlon between optical density and eoncen-
tratlion for ocestrone and oesEr&&IoI—IVE.

Oestrone _ Oestradiol-1l7p¢
_b=ge OC8trogen ODgoq D ODgog D
128 25
12,5 0.266 0.218
0,266 0,228
&
25,0 0,516 1,95 0.441 1,97
04520 04435
37 «5 04732 0,650 2.9
04735 2476 loieso "
0.944 SRl 0.824

This slight deviation could really be disregarded end
the readings taken from a standard curve, but for in-
creased accuracy it 1s preferable to inelude known
smounts of oestrogen In the range expected to be found
in the unknown solutions,

6o Medhanisms of Kober Reaction,

It is considered desirable to record briefly
some of the concepts of the mechanism of the Kober
reaction which developed in the course of this investi-
gation, Brown's finding(1952b)that the use of agueous
sulphuric acld reagents for the first stage resulted
in enhanced c¢olour formation, led him to the belief
that sulphonation was notimportant in the reaction,
Pinnow (1915-1917) had demonstrated that sulphonation
of hydroquinone to form the o- or p-monosulphonate
occurred very readlly with 15-20M-H,S0,, and that use
of concentrated H;SO, led to disulphonation and
oxidation/
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oxidation. A similar effect occurring with the
oestrogens would offer an alternative explanation

for the decrease in colour at the higher acid concen-
trations. Certainly the results quoted with m-cresol
suggest sulphonation of this monohydric phenol and it
is possible that mono-sulphonation of the oestrogens
occurs in the first stage of the ¥Eober reaction.

The evidence suggesting that the second stage is
oxidative has already been summarized (pe 31). The
relation between dilution with water and oxidation is
not readily apparent. Raman spectra (Woodward and
Horner 1934), and conductivity measurements (Hall and
Voge 1933), indicate that dilution of sulphuric acid
to 60% (v/v) should actually increase ionization and
thus the acidity of the solution. Acidity function
determination (Hammett 1940) shows the reverse to be
true. Professor R.A. Morton suggested that the
discrevnancy was due to the formation of ion pairs only
revealed by Hy. Brown's theory (1952b) that dilution
decreases the acid coneentration is therefore probably
true. This, however, would have little effect on the
oxidation potential of the system.

It is more possible that the main result of the
dilution with water is to alter the degree of
ionization of the sulphonated oestrogen complexes.

Some/



Some evldence of thls was obtalned by measurement
of the absorption characterlstics, in the ultra-violet
region of the spectrum, of scluticns cf cestrcne in
60%=100% %504. This representa a possible method of
further study of the problem, and 1t is to be hoped
that the investigation willl be continved, It i1s of
interest that Lantz (1939) demonstrated definite -
changes in the ionization of aromatie sulphoniec aclds
in the vieinity of 60% (v/v) sulphuric acid, Iinford
(1952) correlated the changs in peaks of ebsorption in
sulphuric acid solutions of ocestradlol-l7p with the
hydroxyl groups in the molecule,

Since oestriol requires a significantly higher
concentration of sulphuric srcid and longer heating
time in the first stage, it 1ls probable that an
additional resction 1s involved, The similarity of
the absorption spectra of the coloured complexes formed
with oestrone and cestriol suggests that thls may be
dehydration of the 16, 17-dilhydroxy grouping to ocestrone.
It is interesting that isooestrlol, in which the
hydroxyl groups have a ¢is relationship to one another,
is more sensitive than oestriol In the Kober reactlon
(Marlow, 1950), Marrian (1¢38) showed that oestriol
but not cestrone could be readily oxldized to a pro-
duct which turned pink in dilute sulphurle acld, and
suggested that the oxidative product was the 16, 17-
diketo/
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diketo derivative which formed & pink oxonium salt in
sulphuric acild, It is the author's belief that in the
absence of en effective redusing sgent oestriol is
oxldized rather than dehydrated to oestrone, Narlow
(1650) showed that the 16, 17-dlketo derivative did
not form a pink colour in the Kober resasction, It is
concelvable that the formatlion of this compound by
oxidation is the cause of Type I inhibltion, end that
reducing agents prevent this formation and allow

dehydration to occur,
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A, Historicel Introduction.

The various procedures about to be described
for the purification and separation of urinary
oestrogens are based directly on earlier work in this
field. The modifications are extensions rather than
new departures except for the use of partition chroma-
tography, which has been developed independently of
the simultaneous work of others in the field., It is
therefore considered that a survey of previous investi-
gations is required as an introduction to the results
presented below. For simplicity, the discussion will
be confined to methods utilizing the Kober reaction
or its modifications,

The eerliest attempt to place urinary oestrogen
determination on & quentitative basis was made in 1934
by Cohen and Marriean. The method was developed as a
guide to isolation studies and these workers did not
claim strictly quantitative recoveries, However,since
their procedure has formed the foundation of all future
studies it will be considered at some length. Firstly,
they made a significant contribution to the problem
of releasing the oestrogens from their water-soluble

conjugates/



conjugates found in urine, During the course of

the present investigation a review was prepared of the
various hydrolytic procedures that have been applied

in the initial step of urinary oestrogen determinations,
A reprint is sppended to this thesis and no further
comments will be made on this subject. Cohen and
Marrian also fully appreciated the other problems
involved and made significent contributions towards
their solution.

They selected ether as the solvent for the
initiel extraction and stressed that it must be per-
oxide-free, This selection has been fully justified
by all subsequent work, Initiel purification of the
ether extract was achlieved by washing with aqueous
sodium carbonate. A method of separation of ocestrone
and oestriol was developed based on differences in
their pK values, Thus they demonstrated that oestriol
could be removed from ether by washing with N/10
sodium hydroxide without contamination by oestrone,
Moreover, they showed that in order to sepearate
oestrone from non-phenolic 'neutral' components in the
extract the ether had to be removed and extraction
done from a less polar solvent (toluene) with N-sodium
hydroxide, In view of these findings they introduced
the terms strong and weak phenols for the oestriol and
oestrone fractions respectively, retaining the terms

acids/



acids and neutrals for the bicerbonate washings and
toluene residue respectively. Cohen and Marrian did
not claim that their partition was quantitative. They
pointed out that traces of oestriol were not in fact
removed from the etner by N/10 sodium hydroxide. More-
over, they reported no results for oestradiol-17f.

With the problem inherent in hydrolysis, ex-
traction and partial separation demonstrated and
effectively solved for their particular requirements,
they turned their attention to the fourth and finel
problem, This was the removal of non-oestrogenic com-
ponents which when present in the Kober resction gave
not the typical pink colour (since tne reaction is
gpecific for oestrogens), but a brown background colour
capable of significant contribution to the aebsorption
in the pink renge of the spectrum, Their method of
separating acidic and neutral fractions was of con-
siderable benefit, Their extracts, however, still
showed the presence of these nonspecific chromogens,
which were only partially compensated for by addition
of hydrogen peroxide to the final coloured product,
This caused fading of the pink due to the oestrogens,
and had little effect on the nonspecific brown colour.,

Cartland end his co-workers (1835) used butenol
as the initial extractant, removed the acids with

sodium carbonate, and introduced the use of partition

between/
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between aqueous alcohols and hydrocarbons for partial
purification and separetion. Venning and others
(1237) by use of the newly developed photoelectric
colorimeter approached the problem from a different
standpoint, They found that hydrolysis of the
oestrogenic conjugates obtained by butanol extraction
of urine caused a significant decrease in non-specific
contaminants, In order to avoid losses they did not
attempt separation or purification but carried out the
phenol-sulphonic acid reaction directly on the residue
from ether extraction of the aqueous phase after
hydrolysis, The presence of chromogenic impurities
was allowed for by a formula based on differences in
absorption maxima of the products formed in the Kober
reaction by oestrogens and their contaminants,

Smith and her co-workers (16839) reported quanti-
tative separation of oestriol, oestrone and oestradiol-
178 by the Cohen-Marrien (1934) procedure, stating
that the diol was retained in the weak phenolic
fraction. Thus with its isolastion from urine (Huff-
men et al., 1940), they had no nesitation in applying
the partition in a study of these two distinct
fractions in the urine of women. Since they used bio=-
assay, any loss of oestradiol-17f into the oestriol
fraction would have seriously altered their findings.
That such loss undoubtedly occurred has been demon=
strated by subsequent work (cf, Bachman and Pettit,

1941/
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1941). Thus begen a series of difficulties which has
continued to the present (cf, Smith and Smith, 1952),
An important advance came with the publication of
partition coefficients of oestrogens in meny of the
common solvents (Bachmen and Pettit, 16413 Mather,
1942), as the pure oestrogens became availeble for
such studies, From these it became evident that sodium
carbonate would remove some oestriol from ether along
with the acids, On the basis of the distributions
established, a reesonably quantitative method was
developed by Bachman and Pettit (19841) for the chemical
determination of urinary oestrogens, Ether, or benzene
(4 x 1 volumes, urine satureted with salt), was used
for the initiel extraction, somewhat purer residues
being found with benzene. Qestriol was sepsrated
from oestrone, oestradiol-l%g by extraction from
benzene with sodium carbonate solutions, The
efficiency of this method was apperent from the
pertition coefficients and was established independently
by Mather (1640). Bechman end Pettit showed also
that water was equally effective except in the presence
of large amounts of urinary residues, An additional
purification of the oestrone, oestradiol-17p fraction
was obtained by waeshing the benzene with strong
sulphuriec acid, This step caused considereble
purification but (es appesred from the partition co-

efficients) a loss of esbout 10% of the ocestradiol-

17e /



178. It is obvious that purificetion was still in-
edequate since the final colour was extracted with
benzene to remove impurities,

Bachman and Pettit (1941) elso pointed out that
separation of oestrone and ocestrsdiol-178 was necessary
for maximal accurecy in colorimetric assay., At this
time techniques using Girard's reagent were applied to
this aspect of the problem (Talbot et al., 1941, FPincus
and Pearlmen, 1941).

In the post-war period, & new approach was made
to the problem by the use of adsorption chrometography
on columns (Stimmel, 1946a). This technique had been
widely used in oestrogen isclation studies (cf, Heard
et al,, 1041), Stimmel (1946b) reported complete
separetion of ocestradiol-17f, oestrone and oestriol
with considerable purification, although a correction
wes still necessary for the non-specific background
colour, Other adaptations of the countercurrent
principle followed. Engel and his co-workers applied
the discontinuous countercurrent distribution metnod to
the purification and separation of oestrone, oestradiol=-
178 end oestriol (1950). Haenni and his co-workers

(see Panes et al., 1950, Carol et al., 1950) applied
pertition chromatography with 0,4 N-sodium hydroxide as

stationary phase, benzene as mobile phase, to the

separation/



separation of various closely related oestrogens,
Friedgood and othere (1950) using peper chromatography
with e propanol-water system determined Ry values for
various steroids, The similarity of the velues ob-
tained for cestrogens made 1t cleer that this system
was unsuited for their separation. Swyer and Erauns-
berg (1¢51) have utilized a stationery phese of 2,3
N-sodium hydroxide, mobile phese of benzene to seperate
end purify oestrone and oestradiol-l%f. This has
been extended (Stern, Braunsberg and Swyer, 1¢52) to
the separation of oestriol, Nyc and others (1951)
used reverse phase partition chromatography for the

sepasration of pure oestrogens, Boscott (1951) has

devised a variety of solvent systems for paper
chromatogrephy analysie, Mitchell (18€52) has
described a similar method.

Concurrently there have been occesional reports
of chemical sepearation, Stimmrel in 1950 advocated
the partition of oestriol and oestradiol-l%7g as their
hemi-phthalates, oestrone as the Girard derivative,
It is clesr from the variety of published methods
that the problem is in e heelthy state of sctivity,
‘but thet no entirely adequate method has yet been
devised, That femilierity with the literature is
essentiel is shown by a recent attempt (Finkelstein,

1952) to remove phenols from ether instead of benzene
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(¢f. Cohen and Marriasn, 1034).

B, General Discussion.

The basic method for the present investigation
is shown in Fig. 12 on the facing page. The procedure
was developed in this Department (Stevenson and Marrien,
194%; Clayton and Marriasn, 1949) and represented the
best combination of the classical methods of extraction,
purificetion and partial separation of the oestrogens
at that time, Clayton (1949) modified the procedure
by substituting ethyl acetate as the extractent at all
stages, Quantitative extraction was achieved by the
use of only two extractions, one with 100 ml., the
second with 50 ml., A disedventage was that the
aqueous phase prior to extraction was neutralized in
order to overcome the appsrent losses on extraction
from acid solutions, in the belief thaet these were
due to hydrolysis of the solvent with relesse of
ethanol, While it is true that mineral acids will
catalyse the hydrolysis of ethyl acetate, even in
their presence the reaction is & very slow process
at room temperature (Lowry and Cavell, 1947). A
more probable explanation is the sappearance of a
trace impurity which interferes with the develoﬁment
of colour, The phenol sulphonic acid reaction was
found to be particularly unstable in regard to

impurities arising from ethyl acetate (? acetaldenyde)
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(see p. 18 ), and a return to the use of ether was
made at an early stage of the present investigation.
The separation of oestriol from oestrone and
oestradiol-l1%f represented a definite simplification
of the older methods, It was shown (Clayton and
Marrian, 1949) to be no less efficient than partition
with disodium hydrogen phosphate (Friedgood et al.,
1948), It is therefore preferaeble to discard the
terms strong and weak phenols, substituting the terms
hydrophilic and lipophiliec phenols., The dissociation
constants for oestrone and oestriol being 0.44 x

-9. 9. see
(Marrian, 1938b), it seemed

10 end 0,77 x 10°
unlikely that separation could be achieved on this
besis, The evidence suggesting separation by
pertition with water wes presented by Bachman and
Pettit (1941) and the significance of these findings
noted by Cleyton and Marrian (1949).
One theoreticel objection to their method was
the omission of the water weshes subsequent to the
sodium bicerbonate weshing of the urine extract, It
wes felt that treces of bicarbonste entrained in the
ether might be converted to carbonate during the
distillation and cause destruction of the oestrogens
at this point; From the beginning of this investi-
gation two washings with 20 ml., of water were introduced,
There were two problems in connection with

further development of the method: separation of

oestrone/
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oestrone and oestradiol-l1l7g, and further purification
of all fractions, The separation of the two lipo-
philiec phenols, &s pointed out by Bachmen and Pettit,?
(1¢41), is necessitated by quantitstive differences :
in their behsaviour in all modificaetions of thé Kcber
reection. Further purification was essential for
quentitative estimation of amell amounts of oestrogens
in urine, The best method of overcoming the non-
specific colour produced by urine residues in the
Kober reaction was the feding technique of Stevenson
end Marrian (1947), and these suthors considered it to
| be of value only in urines containing more than 2 mg.
oestrogen per 24 hour specimen, The various methods
which have beéh applied to the solution of these two

problems are consldered in the remainder of this

section,

C. Preliminary Attempte to Purify the Phenolic Extracts

of Urine.

1, Selection of Solvent.

Qbviously, the ideal solvent for the initial
extrection is one which will extraect all three
oestrogens efficiently buﬁfgave an unfavourable
pertition coefficient for the impurities, .In order to
fecilitete this and subsequent discussions it is pro-
posed to diff'erentiate between solutes that prefer

polar and those that prefer non-polar solvents,

In/



In the absence of such terms it hes become the
practice to refer to a sclute that will partition

between polar end non-polar solventes in favour of the

former as & polar solute, Thus polarity of a solute
is inferred from the polarity of the member of the
solvent pair which it prefers. In this discussion the

term poleripetal will bée used to denote a solute wniéh

prefers the more polar solvent of & pair, and polari-
fugal to denote the reverse.

The difficulty in selecting & suitable solvent

for the extraction of oestrogens is due entirely to
the fact that oestriol is much more poleripetsal than
oestrone and oestradiol-l1l%g, Indeed this fact hes
been used in the present partition procedure., As heas
elready been stated, two extractions 1 x 1, 1 x 3}
volume with ethyl acetate guantitatively remove
oestriol from en aqueous solution, Unfortunately,
they alsgo remove those urinery residues which form
brown coloured products in the Kober reaction, Beﬁzene
on the other nand is inefficient in removal of non-
specifie chromogenic material but the partition
coefficient for oestriol between benzene and water is
only 0.28, This can be increessed to 2 by the
sddition of sodium chloride to the aqueous phase

(204 w/v)(Bachman and Pettit, 1941). The stendard

extraction formule is (Creig and Creig, 1950)



Yn = l n
Kr + 1
where Y, = amount of solute remaining in aqueous
phase after n extractions

K = partition coefficient between organic end
agueous phess

r = ratio.of volumes of organic and agueous
pheses

n = number of extractions.

Use of this equation shows that in order to
extrect oestriol from 20% saline, four extrsctions with
equal volumes of benzene (yield ©8.8%) or six ex-
tractions with half volumes of benzene (yield 98,5%)
are required, It is obvious that such procedures are
not suitable for a routine method in which 500 mi.
portions of urine are to be anslysed. Swyer and others
(1852) recommended benzene ss the initisl extractant
end suggested volumes less than the theoretical ones
listed above, It is perhaps significant that at tne
same meeting they reported contamination of their
oestriol with a more polarifugel substance whose
intensity in their fluorescence reaction (Braunsberg,

1962) was much greater than that of cestriol,

Since the partition procedure requires the use of
benzene in the second extraction, it is obviously
desirable to use benzene as the initial extractant,
Accordingly 1t hecamq necessary to investigate the
practicebility of continuous extraction with benzene,

Two/



Two problems eppeared: destruction of oestrogen and
inadequate extraction, Grant (1949) found losses of
oestriol on beiling in benzene, .Table 22 shows the
resulte of his end other experiments,

Teble 22, Effect on oestriol of boiling in benzens

Experiment Time of boiling % loss
ar.
J.K.Grant 12 ' 42
6 19, 47
3 10, 8
Present investi- 6% 29,2%7,25
gator 6 4, 2

® Done with redistilled A.R.benzene, labelled thio=-
phene-free,

At this time Professor Marrian was erperiencing
difficulties with thiophene in toluene, and recormended
purification of the benzene by refluxing with concen-
trated sulphuric acid, (The details of the procedure
ere given in Appendix I)., Boiled in A,R, benzene thus
purified, the loss of oestriol was reduced to the
insignificent levels snown in the author's second
experimrent,

A standard continuous extractor (see Appendix II)
was used to extract urine saturated with salt, Much
difficulty was of course encountered with emulsifi-
cetion, but this was completely prevented by the use
of urine purified by the ion excheange procedures to be
discussed later, Even under these conditions the
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yields obtained were low and erratie, due to the

separation of solid particles of oestriol at the inter-
fece, This could be overcome only by the addition at
frequent intervals of alcohol or acetone to the ex-
tractor, and these solvents interfered with the sub=-
sequent water partition procedure, The conclusion was
reached that the benefit to be gained by the use of
benzene as the initial extractant was far outweighed by
the Qifficultiea involved in its use,

2, Veariations in Hydrolysis

It wes inown thet hydrolysis of urine in the
presence of zine as recommended by Smith and Smith
(1937) prevented the visible charring which takes place
when urine is boiled with acid in the absence of a re-
ducing egent. A study of the chromogens produced from
mele urine was underteken in order to see if the for-
mation of chromogenic material was meinly oxidetive in

character., The resultes ere shown in Table 23,

Teble 23, Effect of reducing sgent present during
hydrolysis on the formation_of chromogens
(1/5 allquot, 24 hr, specimen)

0.D. .
15% HC1 ?ﬁ Zine
Hydrophilic phenols 0,133 0.123
0.140 0.120
Lipophilic phenols 0,114 0.077
0.113 0.072

It was considered that the decrease obtained in

this/



this strongly reducing medium weas insufficient to
justify further investigation with the weaker re-
ducing agents which would have to be used routinely
in order to prevent reduction of oestrons,

Stimmel (1946) stated that preliminsry extraction
of the urine with buteanol and hydrolysis of an acueous
solution of the residues diminished thie procduction of
chromogeniec impurities, This procedure is=s not
particularly suitable for introduction into a routine
procedure, On the other hand it was considered
possible that the removal of ether-soluble material
before hydrolysis (and the addition of it to extracts
of the hydrolysed urine) might prevent formatlon of
certain impurities, This was tried but found to be
completely unsuccessful: the residue extracted before
hydrolyeis was itself brown in colour, and when it was
corbined with the ordinary extracts no purificastion was
demonstrated. A variation of this procedure, in which
the urine before hydrolysis was taken to pH 13-14 and
extracted once with an equal volume of either ether or
benzene (these being discerded), did effect & purifi-
cation of 18% in the one urine tried. Such proe
cedures, however, were cumbersome and in view of their

relative inefficiency were not investigated further,

3. Purification by Adsorption

Boscott (1949) stated that filtration of the
oestriol fraction through & column of cellulose

(Fortisan/



(Fortisan, British Celanese) was effective in the re-
moval of indigoid pigments, The present investigator
could not confirm his findings.

Stimmel (1946) used adsorption chromastography
with alumina for the separation of oestriol, oestrone
and oestrediol-17E. In his hands the method wsee most
effective in the separation, the only defect reported
being a consistent loss of 15% of oestriol which he

aseribed to teiling., Other workers (Cleyton snd

Marrisn, 1949; Swyer, 1952) were unable to confirm his
findings, In view of these irregular results,
Professor Marrian felt that adsorption chromatograpny
was not suited to the quantitative estimation of
oestrogens, Nor was he alcne in this opinion: Engel
(1850) strongly advised against its use because of the
wide veriability of different batches of elumina,

the inherent tendency to trailing boundaries due to
curved partition isotherms, and the influence of im-
purities on the retention volume of the oestrogens,
Dasler (1948) showed thet decomposition of certein
labile steroids occurred on alumine, and Dobriner
(1850) reported irreguler behaviour of oestrogens,

In view of these objections to adsorption
chromatography and the obvious convenience of sappli-
cation of adsorption, krofessor Marrian recommended
adoption of & batch-wise use of alumina, This method

was investigated at some length and found to be most

useful/
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useful in the removel of impurities chromogenic in the
Fober reaction.

The technique adopted consisted of stirring a
solution of urine residues and oestrogens in 10 ml.
of a suiteable solvent with 3 g, of alumina of known
activity in 2 one inch sinter glass funnel (kyrex SFla,
Porosity 3). £fter adequate contaect (2 minutes) had
been achieved, the funrel wes sucked:. dry and the process
repested, The alumina used was purified and standard-
ized 2# shown in Appendix II, p. 1l1.

It wes enticipated that the difficulty would be
greatest with ocestriol and attention was first directed
to this. Recoveries of pure oestriol from scid-weshed
Crede IV (Brockmann) alumina are shown in Table 24,

Tahle 24, Retention of oestriol by ascid-washed alumina

Expd Oestriol | Eluent Eluate | Qestriol | Kecovery
applied (rl,) in %
eluate
1 107.6 UEg.| 1:4 Methanol | 0«10 41,0
Benzene 10-20 0345 70
20-50 1.0
30-40 0
40-65 0
1:1 Metnanol | 65-115 6.0
Benzene
2 | 10%u«g. 1:4 Methanol | 0=-10 36,5
Benzene 10-20 38.5 70
20-30 0
30«40 1,0
1:1 Methanol | 40-50 0
Benzene 50-~60 1.0
3 2lug. 1:4 Methsnol | 0-10 38.0
Benzene 10-20 65.5 77

3
o
20-30 0
S0-40 0
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These typlcal results demonstrated a retention of
oestrlol by the columns not characteristic of tailing
alone, The third experiment was done with oestriol
sub jected to preliminary purification on a similar
column procedure to eliminate the possibility of the
retained material being an impurity in the oestriol
itself. Elution with more polar solvents like acetone
failed to remove the oestrogen completely. Tiselius
(1947) showed that secid-washed alumina functions in
part as an anlon exchanger, and 1t was believed that
this waa the cause of the retention.

Accordingly, alumina purified without preliminary
washing with mineral acld was used subsequently. The
results of the first experiments are shown in Table 25,

Table 25, Elution of ocestriol from alumins,
Expe Oestriol Eluant Eluate Oestriol in Hecgvery

added (ml,) eluateug. %
Methanol 10-20 50,2 95

Benzene 20-30 13,5

30=40 £+2

Methanol 40-50 2.0

2  39UB. 1:4 0-10 14,8
Methenol 10-20 19,5 103

Benzene 20-30 5.2

30=40 0

In the first experiment 3 g. of alumina were
used gnd the tendency towards delayed elution (tailing)
noted., This was overcome as shown in the second
experiment by the use of only 2 g. The activity

was/



was Grade I (Broekmeann),

Alumina of this activity

is not sulted for routine laboratory procedures as it

alters on standing,

A change was therefore made to

Grede II (Brockmann), since this activity can readily

be obtained from alumina once activated to this grade

merely by heating in a boilling water bath under

diminished pressure to the degree obtainable from an

efflcient water pump,

The recoverles of oestriol

obtained using 2 g. Grade II activity alumina by this

stirring procedure are shown in Table 26,

Teble 26, Elution of ocestriol from 2 g. alumina in 1"
sinter glass funnel.
Oestriol]l Eluant Eluate | Oestriol in |Recov-
Exp, | added (ml.) |eluate («g.fery. %
U Fe
1 50,0 1l:4 Methanol O=10 14,5
Benzene 10-20 28,8 28
20=30 445
S0=40 L2
2 50,0 l:4 Methanol 0=10 16,0
Benzene 10-20 24,0 08
2030 6,0
S0=40 2.0
3 48,8 1:4 Methanol 0=10 12,2
Benzene 10=20 28.5 94
20-30 348
30=40 1.8
4 I135.6 1l:4 Methanol 0=10 58,56
Benzene 10=20 20.0 100
2030 17 .0
30=4.0 9.0
5 50,0 1:4 Methanol O=40 49,5 99
Benzene
6 50,0 l:4 Methenol 0,40 50,8 102
Benzene
v 50,0 1:4 Methenol 0,40 50,8 102
Benzene
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The recoveries of cestriol having been established
as quantitative, the method was applied to male urine
resldues from the oestriol fractions of the extraction
procedure, In the normal urines which were tried
elumina, under the conditions standardized above, re-
moved approximately 50% of the non-specific chromogenic
material, Other adsorbents were tried and Celite 535
(Kies elguhr, Johns Manville) proved equally effective,
With this weak adsorbent and 3% methanol bengene 1t
was possible to elute all the ocestriol but only 509
of male urine residues,

A slmllar type of procedure was developed for the
purlficetion of the oestrone, oestradiol—l?ﬁ fraction,
In thla case 1t was possible to remove oestrone quanti-
tatively using 107 methancl-benzene. Typical recovery
experiments are shown in Table 27,

Table 27, Elutlon of oestrone from 2 g, of alumina in
1" sinter rlass funnel.

Oestronq Eluant %luage Ogstroniaén) Recover}
Exp,|added ml., eluate o )
k e £e
e 40,6 |10% Methanol| 0-10 16,2
Benzene | 10-20 2565 104
2030 260
30=40 0.7
2 52,4 [10% Methenol| 0-10 45,1
Benzene | 10-20 i 103
20-30 1.0
350=40 O
3 52,4 |10% Methanol| 0~40 55,0 103
Benzene

The application of this procedure to the lipo-
philic phenol fraction of male urine caused considerable

purification/
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purification, For example, in three different urines
the removal of chromogens was 8l1%, 74% (ethyl acetate
extraction) and 65% (ether extraction)., A siwmilar
procedure with 2 g. of dry Celite 535 and 3% methanol-
benzene was also found to be effective in purifying
urinary residues (45-60%), and there was no loss of
ocoestrone, These experiments were conducted at an
early stage of the investigation, Since they still
left the residual chromogens at too high a level and

| did not of course separate oestrone anﬁ oestradlol-l7g,
it was necessary to find other purification procedures.
The development and incorporation into the method of
these more efficlent processes have removed the need for
the adsorption fechniques end they are not included

in the routine wmethod. Their inclusion is un-
desirable since it 1s more than probable that different
behaviour patterns will be found with different batches
of adsorbent., However, 1f experience with pathologicel
urines should indicate th& necessity of further purifl~
cation, these methods could be applied, In such an
event the preferable procedure would be the use of
Celite since this could be applied to the residue from
the initiel extraction before partition between

benzene and water,

4s /



4, Ion Exchange Adsorption

A full investigation of the use of Amberlite IR-
4B, a weak base anion exchange resin, in purification
of the urilnary phenolic fractions was carriled out, It
was thought that separation of the oestrogens as thelr
conjugates prior to hydrolysis might be useful, In
feet 1t was found that the time-consuming processes of
quantitative adsorption end elutlion were not sultable

for incorporation into a routine method,

5« Removal of Urinary Components Prior to
Hyarolysis

The most widely known method in oestregen esti-

mations of removing e group of substances by precipi-<
tation prior to hydrolysis 1s the use of phospho-
tungstic acid by Jayle and his co-workers (1949). In
the present investigation no significant degree of
purification was obtained by hls method, Urine freed
of urochrome by precipitation with potassium bismth
iodide (Lawson.gg.g;., 1950) dild not char on hydrolysis,
but the material removable from ether by normal sodlum
hydroxide gave as intense a colour 1ln the Kober reactlon
as an untreated control, Removal of purine derivatives
from urine prior to hydrolysis, by the method of

Kruger and Schmid (Hawk et al., 1949), gave a somewhat
diminished residue in certain urines, However, since
all chemicel methods were consldered possible sources
of loss of oestrogens, no fufther investigation weas

done along these lines,
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D, Methods Adopted for the Purification of Oestrogens.

1. General Characteristlics of the Chromogeniec
Impurities.

a, Relation between brown colour of urine residuesg and
brown colour developed in the kober reaction.

The most rational approach to the problem of
elimination of the non-specific brown impurities of the
Kober reactlon, it seemed, was to investigate the
general properties of this group of substances.. In
the first place it was necessary to esteblish the
relation between the brown residues of the final ex-
tracts and the brown colour develcoped in the course of
the Kober reaction, It was found that the oestriol
fraction corresponding to 1/25 of 2 24 hour specimen
of male urine gave in the phenol-sulphonic acld colour
reaction an optical density of 0,168, whereas a similar
procedure substitutling concentrated sulphurie acid for
the reagent gave 0,239. Thus less brown colour was
developed from urine residues by the phenol~sulphoniec
acld reagent than ‘8y. pure sulphuric acid, It was
further demonstrated that a 1/25 aliquot from another
male urine gave an optical density of 0,160 in the
phenol-sulphonle acid reaction, whereas a similar
aliquot, with 604 sulphuric acid (v+v) substituted for
the reagent, gave an optlcal density of 0,201, Thus
the phenol prevented the development of the non-specific

colour/
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colour not just by dilution but in some more direct
manner, possibly by its anti-oxidant powers. This is
an important point in fluorescence reactions where no
phenol is used,

be Chromogenic impuritles arising from molecular
oxldatlion,.

In any event the brown colours developed during
extraction were considered to be a guide to at least
some of the constlituents of the chromogenic impurities
and attenticn was directed to them. By this stage of
the investigation characteristlic behaviour patterns of
this group had been observed, It will be seen 1in the
extraction procedure (p, 78 ) that bicarbonate washings
of the separated pherols were done in addition to @
simller wash of the criglnal ether extract. This
latter step invariably resulted in a brown wash the
first time, but a third wash at this stage was always
colourless, The colour is undoubtedly due to acldie
material with pK less than 6 elther present as such in
the original urine or formed during the course of
hydrolysis, These will be referred to as the preformed
aclds,

It was noted that the lipophilic phenolie
fraction inveriebly turned brown during its removal
from benzene by sodium hydroxide, that the cclour of
the agqueous phase diminished somewhat on acidiflcation

with hydrochloric acid, but that the bicarbonate wash
of/



=05«

of thils fraction after reextraction from ether was
always coloured brown, On the other hand the oestriol
fraction which was never exposed to alkali was rarely
coloured brown nor was its blcarbonete wash, On
occaslon, however, the water washings from benzene were
dark, Moreover, not infrequently it was found that
duplicate extractions from the same urine bshaved
differently, some belng brown on removal from water and
glving & brown bicarbonate wash, others being colour-
less at both these stages, Flnally 1t was noted that
frequently oestriol residues darkened on standing or
during transfer with ethanol to Xober tubes,

These various observations led to the conclusion
that there were in the phenolle residues of urine a
group of substanceas susceptlble to oxldation to brown
coloured products, This oxldation occurred readily
in alkall and was apparently reversed to some extent by
acidification; the products were at least in part
capable of being removed from ether with a blcarbonate
solution, Without exposure to alkalil the oxidation
was more uncontrolled, sometimes occurring at one or
other of the different stages but frequently not,
Dihydrie phenols, known to occur in urine (Dobriner et

al., 1942), have these characteristlice and eas a gulde

to/
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to purification it was considered that weakly acidie
material arlsing by oxidative changes in this group of
substances constituted a component pert of the urinary
chromogenic impurities,

In the light of these facts the relationship
between the chromogen content of urinary exitracts and
pPH was investigeated, It belng established at the outset
that sodium hydroxide will remove more material from
benzene than from ether, the declsion was taken to use
in these initial experiments the somevhat less complex
mixture of 'total phenola' obtained by extracting the
bicarbonate-washed ether extract of hydrolysed urine
with 1 x 1/2, 2 % 1/4 volumes of norral sodium hydrox=—
lde., The 100 ml, quantities of total phenols obtained
in this manner were elther acidified with HC1l as called
for in the procedure, or brought to neutrality (univer-
sal indicator paper) by passing COg into them, The
solutions were then extracted with ether (1 x 1/2, 2 x
1/4), the scildifled one washed with 8% sodium biearbon-
ate (3 x 20 ml,) and both washed with water (3 x 20 ml.).
The residues were taken through the phencl-sulphonie
acid reaction, The results of such comperisons are
shown in Table 28,

Teble 28. Comparison between reextraction of total
phenols from acioilied and NEeuTtre L1260

solutions,

g, 88 oestriol

Urine AcidITIed Nentralized
i i 113 89
2 75 556
3 76 70
4 130 100

Tha/



The explanation of this improvement was not at
once apparent, With unchanged partition coefficient,
certainly the washing with bicarbonate should have been
more efflclient than reextraction from blcarbonate, The
acidification recommended in the procedure (20 ml, of
concentrated HC1l for 100 ml. of N-NaOH) would increase
the ioniec content over that obtained by neutralization.
It was shown that when the pH of the aqueous phase was
8.5 the addition of sodium chloride to saturation in-
creased the partition of chromogens in favour of the
ether by 10%. The impression was formed at this time
that mach of the Iimprovement with the neutralization
by COg was connected with the decrease of colour (?
reversibility of oxidation) seen with acidification,
but experiments designed to prove this were inconclusive,

Engel and others (1950) by adjusting the pH of the
aqueous phase to 9 + 0.5 obtained purification of the
total phenolic fraction by reextraction of the alkaline
washings of toluene, Their published partition
coefficients showed that this ellowed quantitative
extraction of the oeatrogens, It was thought that
part of the effeect shown in Table 28 might have been
due to incomplete neutralization with carbon dioxide.
Accordingly experiments were conducted in which 'total
phenols' obtained as described above were either

acidified/
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acldified or neutralized and then taken to different
values of pH before extraction. ™e ether solutions
ware then washed with 8% sodium bicarbonate snd water
in the usual way and the ether residues taken through
the phenol-sulphonic acid reaction., The resulis are
shown in Table 29.

Teable 29, Effect of pH of egqueous phase on reextraction
oI 'total phenols',

Urine Acidified pH for extrection _«g. as oestriol

: 4 + 0¢85 126
+ 9,0 81

2 + 0e5 130
+ 8,0 101

3 + Ced 130
+ 1.2 120

+ 27 100

— 9.0 80

4 - 8,05 66
- 8.6 62

- G,.05 40

- 9.5 42

- 8.8 63

- 9,35 60

i 945 54

These results confirmed the findings of Engel and his
co-workers that purification can bte achieved by ad-
justing the aqueous phase to pH 9 % 0.3.

It was reasoned that if the chromogenis lmpurlties
resulted from molecular oxidation of phenolic msterilal,

1t should bs possible to forestall thelr appearance
by/
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by introducing wmild reducing agents during contact of
the urinary residues with alkall, In order to check
this, 'total phenols' were extracted from ether in the
usual way by N-sodium hydroxide with and without 5%
sodium sulphite or 7.5% sodium metabisulphite (freshly
made up) as shown. Reextraction from pH 9 was then
carried out and colour developed as usual, Typical

results are shown in Table 30,

Table 30, Effect of reduci¥g agents present during
alkkaline extractlion of total phenols,

Urine N&,S0s Na,S5,0 M4 g. Chromogen
Srine a0 e )
1 - - 120
+ - 78
o - - 04
3 - - 956
+ - 83
4 - - 70
- + 54
5 - - 50
7 - - 70
- + 58

These experiments provide additional confirmation

of the formation of chromogens by molecular oxidatlon

in/
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in alkeline solution of certain phenolic substances,
It will be seen that the removal of such impurities

is incomplete even by reextraction from pH ¢, for less
chromogen is found when the oxidetion is prevented, It
was believed, however, that this was more of academic
than of practical importence, since experience
suggested that it was prefersble to allow these
chromogens to form at a stege of the procedure where
they can be mainly eliminated. If reducing agents
are to be used at all they must be used throughout,
but this does not seem feasible,

¢. Chromogeniec impurities due to amphoteric substances

In eddition to the weakly acidic materials that

result from molecular oxidation of dihydrie phenols,
evidence of the existence of a group of basic sub-
stances was found in this prelimineary survey. Firstly
it was found with ether as an extractant, that 25%
more chromqgenic impurities could be extracted from
hydrolysed urine if this wes neutrelized. This
suggested that the hydrochldric acid usually present
at this stage was effective in preventing the removal
by ether of & group of substences, end wouf&%’ﬂﬂlain
why the chromogens were incressed by etnyl acetate
extraction, which, as slready stated, was done from

2 neutral agqueous phase, In order to utilize this
fact, the aqueous phase was made 10 N with sulphuric

acid/
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acid after hydrolysis and prior to ether extraction.
Viegible charring of the aqueous solution occurred and
the phenolic chromogens were in fact increased by
this modification. Since this group was present in
the lipophilic phenols es well se thethydrophilic
fraction, the existence of a phenolie or enolic group
must be hypothesized, Moreover the bshaviour des-
cribed here 1is typical of the presence of basic groups.
Accordingly this group of chromogens is considered to
be amphoteric in nature, Nitrogen anelyses carried
out on the phenolic residues from four different male
urines showed the presence of nitrogen to the extent
of 3.3%, 2.8%, 4% end 4.1% in the oestriol fractions,

and 2%, 2%, 1.67 and 2% in the lipophilic phenolic
residues, It was tnought that this group might ineclude

methylated xanthines, but attempts to demonstrsate
thelr presence by paper chromatography were un-
successful,

2. Preliminery Purification of the Qestriol
Fraction.

a, Removal of acids,

The preliminary experiments described above
indicated the desirability of allowing molecular
oxidation of lsbile material to occur in alkeline
solution and of eliminating moest of the acidliec pro-
ducts by reextraction from pH ¢ t 0.5. Hydrophilic

phenolic/
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pnenolic fractions of hydrolysed male urine (100 ml.
aliquots) were obtained by the Clayton-lerrian
fractionntion procedure (see p. 78 ). The agueous
solutions ohtained from the benzene pertition were
reextracted in the usual way after treatment es given
below:

(1) Nothing sdded to the water.

(2) 2 ml1, KgCO;/KHCOs buffer, pH 9.3 =2d4ded,

(3) Solution taken to pH 13-14, shaken, then taken
to pH 2.3 with CO;p.

Typical results are shown in Table 31,

Table 31, Purification of oestriol fraction by
alkalinization and extraction from pH 9, 3.

AL g. of chromogen 28 oestriol

Urine Ext. (1) Ext. (2) Ext. (3)
1 108 63 27
2 117 68 49
3 120 69 36
4 75 50 34
5 - 18 16

The results in the first four urine extracts clearly
demonstrated the benefits obtained by extraction from
pH 9.3, and moreover showed this purification to be
ehhanced by preliminary exposure of the urine residues
to a higher pH, The latter effect was not seen in the
fifth urine. This specimen was more than 24 hours old
when hydrolysed and had intentionally been allowed to
stand without e preservative, The water washes obtain-
ed from benzene in this cese, but not in the others,

were/
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were brown, It is probable that bacterial oxidation
in the aged urine fulfilled the function of strong
alkallzation in the fresh.

This simple treatment was incorporated into the
final procedure, Experiments showed that the exact
PH of the agueous phese was not critical for purifi-
cation, but since it was important not to exceed 9.5
for oestriol recoveries electrometric determinaticns
were carried out on each sample. As will be seen,
this was subsequently changed,

b. Removal of bases,

The amounts of chromogen shown in the preceding
tables were found in 100 ml, aliquots of undlluted
urine, Since it was desirable to use at least 1/5
of the daily output 1t was apperent that sufficient
purification had not yet been attained, Moreover
certain urines, even after the steps for the removal
of acids. had been taken, still contalned large
amounts of impurity. ™e frequent appeerance of plink
or purple, suggesting indigolds, pointed once more
to the possibility of nitrogenous contaminants, The
method of eliminating such compounds was obvious, but
was arrived at only indirectly. The clue was fur-
nished by an unsuccessful partition chromatogram that “
was actually being devised for thls purification.

A/
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A chromatogram with 4% butanol in ethylene dichloride
as the moblle phase and N-NaOH as stationary phase
showed marked retention of oestriol, but a pigment

band moved exceedingly fast in thils system. This
immediately suggested a modification of the acid
remwoval technique, in which the aqueous phase of the
benzene partition, made normal by the addition of solid
sodlum hydroxide, was extracted by ethylene dichloride
(2 x 1/2 volumes), The expected result followed: the
ocoestriol was not extractable, but was recovered quanti-—
tatively from the aqueous phase on adjustment to pH
9-9,5 and ether extraction, The ethylene dichloride
did however remove a considerable amount of material;
thls was precisely the behaviour one would expect of
substances with basic groups. Rimington (1646) stated
that indigoids could not be removed from chloroform

by sodium hydroxide. The results of this purifl-
cation step in urines with a high indican content are
shown in Table 32,

Table 32, Effect of extraction with ethylene dl-
chiloride Of the oestriol iraction in N-NaOH,

L ges 88 oeatriol
Urine Control EtClp Extd, EtClp Ext . EtClp Blank

1 44 29 19 2.0
2 81 48 59 4.5
S 116 100 42 Sed
4 40.4 27 22 Sed

The third urine represented 2/5 of a 24 hour specimen,
the others 1/5. ‘The econtrols were the aqueous

extracts/
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extracts from benzene, alkallzed, adjusted to pH 9,5
and reextracted in the usual manner, Aliquots of the
same urine (EtClg extracted) treated as above were
extracted with ethylene dichloride at the intermediate
alkallne stage. The colours were developed by means
of the hydroquinone sulphuric acid reagent (unmodified).
In every case there has been a significant decrease in
the non-specific chromogens.

S« Partition Chromatography of Oestrlol Fraction.

From the beginning of this investigation it was
realized that partition chrometography with coluumns
would be required for the final puriflcation, A search
for the appropriate solvent system was begun in 1950,
and the finalized system has been in continual use
since early 1951, In this time minor inconsistencies
in the elution behavicur of pure oestriol have been
noted, On each occasion the cause of the inconslstency
has been found and eliminated. The effect of possible
varlable factors has been investigated, and these
factors eliminated by rigld standardization of the
procedure at the appropriate stages, The approech to
the problem has been galmost entirely empirical, The
speclific effect of varlable factors was established
by experiment, and then consideratlion was dlrected to

the/
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the theoretical explanation, The matter presented here
will be treated in the same way,

a, Materials and technique.

Evidence had previously been obtained (see p. °0)
of the low adsorptive powers of kiesselouhr for the
oestrogens, Thus when Martin (1949) proposed 1ts use
as the inert support for partition chromatogram
columns it was the obviocus cholece for the present
investigation., Of the various types available, Celite
535 (Johns Manville Co., Ltd., London) was adopted
because the particle size was such as to permit
adequate flow of solvent, On the advice of Synge (1950)
columns were deslgned as shown in Appendix III, p.13
with no constriction at the outlet, The technique
of adding a definite amount of equilibrated stationary
phase to a welghed amount of Celite and packing with a
perforated dise (Martin, 1949) was adopted. Full
detalls are glven in Appendix II, p. 11 , and
descriptions of the special apparatus in Appendix IIT,
pe 13 4 Since the solvent systems selected for the
final method were such as to permit ready solution in
equilibrated mobile phase, this method of application
to the column has been asdopted, During this step, in
order to minimize frontal analysis (Tiselius, 1947)
with resultant spreading of the bands, the solute was
introduced/
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introduced into the column by three separate 1 ml,
washes of the residue, Eech wash was allowed to go
into the top of the column before the next one was
applied, Collection of eluate was not begun until
the third wash had gone in,

b. Terminology.

The use of the terms stationary phase and mobile
phase require no comment, Reversed phase chromato-
graphy (Howard and Martin, 1950) denotes that the less
polar of the two phases is preferentlally held by the
inert support. Percolation rate (Rp), as used here,

means the rate of flow of the solvent.,

c. Search for a sultable solvent system.

There are three avallable methods of selection:
(1) WVhen the partition coefficients of the solutes in
various systems are known or obtalnable, the
optimum system is one 1n which the ratios are 9
and 19 (Synge, 1950)., These ratios allow adequate
separation with a minimum of band-spread from
vertical diffusion in the second component,
Accordingly this wmethod has been adopted in
selecting the system for ocestrone and ocestradlol,
(2) When the solutes are of known composition and can
be demonstrated on paper, a variety of solvents
can be run in paper chromatographlc analysls and

that/
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that system selected which glves the widest separation,
(3) When the partition coefficients are unknown and
uncbtainable and the nature of the solute un-

determined, selection must remain purely empirical.

In the partlcular case of oestriol purification, in
view of the indeterminate nature of the contaminants,
only the empirical approach was feasible, Since one
component of this fraction (oestriol) was known, the
range of solvents was restricted to those in which
oestriol showed marked polaripetence so that the
reversed phase technique could be avoidqd. Moreover,
for routine purposes, the desired method of applying
the solutes was to dissolve them in the mobile phase,
Thus what was needed was a palr of immiscible solvents
wlth oestriol pertitioning markedly in favour of the
more polar yet still being reasonably soluble in the
less polar, Moreover for simplicity 1t was desirable
to keep the number of components of the phases to a
minlmum,

By this reasoning the range of possible systems
was definitely narrowed, The early investigations
were carried on before the partiesl purification of the
oestriol fraction, by removal of acldle and basic
constituents, had been accomplished, Systems deslgned
specifically for elimination of these groups were thus
tried/
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tried first. Some very interesting systems were tried,
but disadvantages inherent in them all precluded their
adoption. A summary of these investigations is given
in Appendix V, p. 32 . The results are of interest
not only in esteblishing the general behaviour
patterns of oestrliol in various solvent systems but
also because the chromogens are clearly separable into
two distinet groups behaving as acidic and basie
substances,

After the development of the preliminary stages
for the remwoval of acldic and basic substances of the
oestriol fraction, it became clear that partition
chromatography was required only to remove trace
impurities., In view of the degree of purification
which earlier workers had obtalned by using aqueous
methanol in seperating funnel partitions, it was
declded to try this as the statlonary phase, Ethylene
dichloride was chosen as the mobile phase because 1t
seemed to be the least polar substance which was a
reasonably good solvent for oestriol, Initially 50¢%
methanol was trled as the stationary phase but oestriol
aeppeared in the eluate before the complete removal of
the residual chromogens, The partition of oestriol in
favour of the stationary phase was lncreased by
relsing the methanol concentration to 70%, and this

system proved to be highly effectlve,
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d. Results of purification of oestriol by partition
caromatoyrapny.

It was established in preliminary experiments
that the elution of oestriol in this system began after
15 ml, Before proceeding, it was desirable to show
the relation between the purification obtained by dis-
carding the first 12-15 ml,, and that obtained by
removal of acidic and basic impurities, Accordingly
chromatograms of the oestriol fraction were run |
collecting the appropriate cuts, with and without
prior treatment, The results are shown in Table 33,
The control urine represented the water washings from
benzene taken to pH 14, re-extracted with ether at pH
9.3, washed with water and distilled to dryness., The
ethylene dichloride purified extract was obtained by
making the aqueous solution of hydrophilic components
Negodium hydroxide, washing with ethylene dichloride
(2 x % vols.,) and re-extracting from pH 9.3 as in the

control, Al1 extracts represented a 1/5 aliquot 24

hour male urine.

Table 33, Relationship between chromatogrem and ethylene
dichloride extraction,

AL g. a8 Qestriol

Urine 1 EIE“” 2
ml.of Eluete Control EtCl,Extd., Control EtCl, Extd,
0-14 ' 80 3% 138 5
1440 24 12 37 1%

The/
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The 8scond urine extract was heavily contaminated by a
purple and red pigment (% indigoid). The purple band
moved rapidly down the column being eluted by 5-t ml,
This was followed by & red band which was not com-
pletely removed until 15 ml. Neither of these bands
appeared in the same urine after ethylene dichloride
purification, It was obvious from both samples that
this letter procedure wass highly effective not only
in decreasing the total'bhromogen content, as hsas
already been seen, but also in removing the specific
impurities esccompanying oestriol in the chromatogram,
The method of reextraction with ether from .3
was by now so well established in the method that its
relation to the chromatogram was not investigated.
However, the procedure of purification in use at this
time involved adjustment of the aqueous phese from
pH 14 to 9.3 prior to reextraction with ether. The
finel pH was checked electrometrically and buffered
by borate-sodium hydroxide. Occasionally in making
this adjustment too much hydrochloric acid was added
in the partial neutrelization and the solution went
to the acid side. This wes always accompanied by a
lightening of colour in the solution, which was not
fully reversed on return to pH 9.3. It appeared
that such extracts were more contaminated than those

which/



FICURE 3. SEPARATION AND PURIFICATION OF OESTRIOL.

HCOZ ,H,0 WASHED ETHER RESIDUES.

I'Sml. ETHANOL
25ml. BENZENE
BENZENE
2x25ml H.O
2X12:5ml HO
1
[HYDROPHILIC PHENOLS | LIPOPHILIC PHENOLS.
ADD 75ml ION NaOH NEUTRALS
2x25ml EtCl,
' |
Etci, AQUEOUS
INDICOIDS 95 WITH CO,
POLYMERIZED QUINONES Et,0 4%40ml.
BASES.
AoiTEous ETHER
QUINONES| 2:10mlIH,0
WEAK ACIDS.
I 1
AQUEOUS ETHER
TO DRYNESS

PARTITION CHROMATOCRAM
s.p. 70% METHANOL
MR EtCl,

OESTRIOL
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which never went below 8,3 after strong alkalization,
Table 34 shows the chrometographic behaviour of two such
extracts, which were washed with ethylene dichloride

in the strongly alkaline medium,

Teble 34, Effect of acidification during edjustment
of agueous phase from pd 14 to 9.3.

ml, of Eluate Q=2 | 2=4 | 4=6 |6=8 |8-10 | 10=-12 12-1‘

Lg. as oestriol 5.9 | 12 5.9 (4.7 |2.6 1.9 1o
PH 14 to 2 to 8.3

l(g. 8s oestriol 5.0| 5 |4.2 |2.6 |1.8 1,3 1.1
pH 14 to 9.3

A gignificant decrease in impurities hes been
achieved by avoiding ecidification during this stepe,
The procedure was modified by the use of carbon dioxids,
A simple manifold was devised witk five outlets, four
for tne urine fractions under test and the fifth for e
blank conteining water, A sodium hydroxide sclution
(7.5 ml, of 10 N) was edded to each, and & few drops
of thymolpnthelein to the blank, C0p, was passed
into each until the indicetor was decolorized in the
fifth sample. A final check cn the pH of the test
solutions wes made with accurate indicator paper
(Johnsons, 8410). The deteils of the procedure
ere shown in Filg. 13 on the facing pege,

When/
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When attention was directed to recoveries of
oestrogen from the chromatographic procedure, it
was found that there was a steady loss of oestriol
of 15-20%. For example, collection from 15-30 ml,
of the eluate from a chromatogrem of a purified
oestriol fraction of mesle urine (1/5 aliguot, 24
hour sample) yielded 5.64g. of endogenous oestriol
and residual chromogens, whereas the same urine
residue to which 144 «g. of oestriol had been added

gave in the 15-30 ml, cut 122,6 «g. as oestriol, This

represented a yield of 82% (122.6 - 5.,6) . Since
134

these results were obtained with the unmodified hydro-
quinone reaction (Brown, 1952b), it was suspected that
residues from the column were interfering with the
production of the colour, The suspicion became &
certainty when the residue obtained from collection of
the cut from 15-30 ml, from a blank column depressed
the optical density of oestriol stendards from 0,300
to 0.25¢ (i.e. 14%). The residues from 15 ml, of
mobile phase on the other hand did not appreciably
affect colour development (0.340, 0.335 for standards,
0,330 in presence of solvent residues), It seemed
that something being eluted from the celite was inter-
fering with colour development, Accordingly, the
celite was pertially calcined and treated with
concentrated hydrocnloric acid as suggested by

Martin/
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Martin (1950). The details of the method are shown
in Appendix I, p. 2.

When the above experiment was repeated the
impurity had been removed (standards 0,340, 0.339;
in presence of residues from blank chromatogram 0,330,
0.330). Subsequent recoveries of oestriol from the
chromatographic analysis were satisfactory.

The overall purification achieved was demon-
strated in a series of experiments, of which Fig, 14
shows a typlcel result, Three chromatograms were run
under identicel conditions, two with pure oestriol and
the third with the partially purified oestriol fresction
from male urine (1/5 aliquot, 24 hour collecticn),
Similer eliquots, one by the Clayton-Marrisn procedure
(see p. 78 ), the other with reextraction from 9.3
(without the sthylene cichloride extraction), geve
without chromatography residues correspending to 152
and VQ/ig. as oestriol respectively. Thus removel of
the acids formed by oxidation in alkaline solution
caused & H2% purification, but the complete three-
stage procedure removed 6% of the chromogenic
impurities,

A compersble degree of purification was found
in other male urines, the final residue representing
5-204g. (es oestriol) per 1/5 eliquot of a 24 hour

specimen/
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specimren, Some of this undoubtedly represented
endogenous oestrogen, but most of the residues snowed
very faint traces of brown, It was then shown that
the residue from 50 ml, of ethylene dichloride dried
over B,P., anhydrous calclum chloride during the puri-
fication procedure (see Appendix I, p. 4 ) gave an
optical density corresponding to 5.6 «g. of oestriol.
Substitution of A,R, celcium chloride es the d?ying
agent improved this blank to 1.7,;(3. The same
Iaample on being redistilled through a column with cold
finger, discarding large head and tail fractions,
showed a residue corresponding to 4.5 u«g. &8s oestriol.
It thus appeared that the limits of purification from
e practical standpoint had been reached, and that the
unelimirable trace contaminents must be taken care of
by the colour correction formulsas (Brown, 1852c¢) (see

P 26)s

8, Control of variebles in the partition chromatogram.

Since in the routine method it was essential that
a definite portion of the sluate be taken as the true
oestriol fraction, the behaviour pattern of the column
hed to be rigidly standardized. The most obvious
variables were temperature, percoclation rate and
perticle size of the slurry. It was decided to
equilibrate the solvents and cerry out the chromato-
graphic analyses in air enclosures thermostatically

controlled, The simple appearatus devised to this
end/
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end 1s shown in Appendix III, p. 13. Preliminary
experiments led to the adoption of 10 ml./hour in a
10 em, oolumn as the most satisfactory percolation
rate (RP) for the mobile phase, This rate allows
time for adequate equilibration (improving the separ-
ation) without excessive wertical diffusion (end con-
sequent spreading of the bands). It has been adopted
in all the experlments, and by relating the volume to
height can be expressed as ]12.8 em, per hour, which
figure can be adapted to a column of any dlameter,

The homogenization of the slurry which 1s done in the
packing procedure resulted in uniform paerticle size,
It was found however that the celite after purifi-
cation was quite deliquescent. TUnless precautions
were taken to protect it from molsture during storage,
it absorbed sufficient water to alter the particle
size of the slurry.

With these precautions the uniformlity in
elution patterns of the chromatograms was shown by
experiments with different batches of material con-
ducted over the course of a year, The results
obtained, plotted in the form of & scatter dlagranm,
are shown in Fig. 15. The solid line represents
the mean of the various readings., In each case the
standard procedure was adopted: the solutes were

dissolved/
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dissolved in the equilibrated mobile phase (3 x 1 ml.),
and each 1 ml, wash allowed to go into the top of the
column separately. Collection of the eluate waz not

begun until the third wash had gone in.

The effeet of variation in Rp is shown in Fig.
16 on the fecing page. It will be seen that with the
faster rate of flow there has been less spreading of
the band, but not enough time has been allowed for
equilibration. T™is meant that the column was not
operating at maximum efficlency and oestriol appeared
earlier in the elution. This variable did not
present a problem since with a 1ittle practice,
columns were packed with a sufficlent degree of
firmness to attain a percolation rate of 10-12 ml,/
hour, The method of maintalning a constant level
of mobile phase on top of the column is shown in
Appendix III, p. 13 . The perforated disec used
for packing originally had unnecessarily large con-
centric holes (S.,W.G, 19), When a disc with smaller
holes (S.W.G., 22) was substituted, the resultant
decrease in particle size (giving more rapid
equilibration) made the column less dependent on
Rp. Thus the permitted wvarilation was increased to
10-15 ml,/hour.

Fig. /
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Fige. 17 demonstrates a comparison obtained by

varylng the amount of statlonary phase applied to

the ceiite. As was expected, a decrease caused
8light increase 1n the rate of flow of the oestriol.

An incresse to 5.5 ml./5 g. of celite caused a slight
broadening, This variable was effectively controlled
by adding the 6 ml, of stationary phase from a bulb
plpette.

One finel theoretical wvariable that defled
effective demonstration was the loss of stationery
phase while it was being mixzed with celite by
stirring in & beaker, This should have been of
importance since this phese contained three com-
ponents cof varying volatility. 1In any event to
eliminate the possibility of variation, 5 ml, of
statlonary phase were added to § g+ of celite in a
welghing bottle (Callenkamp, 12239) and stirred for
a few secondsj the bottle with top in place was
then placed in a microild flask shaker (Griffin &
Tatlock, B45-460) for 15 minutes,

4, /
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4, Purification and Separation of Oestrone,
Destradiol-1l7(3.

8. Preliminary partition chromatograms,

From the outset of the investigation 1t appeared
that the more difficult problem in the lipophilic
phenols was the separatlon of oestrone and cestradiol-
173, and that by a sultable application of methods al-
ready described purification could ve achieved,
Initially a solvent systom was tried which had been
shown to separete the diazo-~gaters of ocestrone and
oestradiol-1l7p (Heftman, 1950)., It was to be expected
from theoreticel considerations (Martin, 1949) that a
system suitable for the seperation of the derivatives
of the oestrogens would alsc be effective in the separ-
ation of the free compounds. Heftran gquoted Rf values
of 0,91 and 0,85 which were not in the range sultable
for partition chrowmatogrephy (Synge, 1949), This in
fact was soon found to be the case and the system was
abandoned after a few slmple modifications had been
tried.

A more rational epproach to the selectlon of a
sultable solvent system was made possible because
partition coefficients were known, MNartin and Synge
(1941) in their first paper on partitlion chromatography
related the point of elution of a solute to its

partition coefficlent as follows:
R/
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A
b w A, + aAg (1)

where R = ratio of movement of position of maximum
concentration of solute to similtaneous
movement of surface of moblle phase in
eupty part of tube above chromatogram
column,

area of cross section of the column,

=
i

Ag = area of cross sectlon of statlonary phase.
A7, = area of cross section of moblle phase,
¢ = partition coefficient,ie., ratio of con-
centration of solute in stationary phase
to conecentration in moblle phase, at
equilibrium,
Butt and eo-workers (1951) modified the equation to
a= R ~ 4 (2)
& X3
where L = length of column

and Vg = volume of eluate in ml. to peak
concentration (retention volume).

Tis may be rearranged to

Vg = GL.Ag + AgL (3)

It follows that

le - VRa = C(GJ_ - ﬁg) (4)

where C = L A- ,
Therefore, for any glven proportional dlfference
between @, and a,,the ease of separation,resulting from the

difference/
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difference in movements of the solutes on a column,
will be greater as the partition coefficients are
further removed from unity,

Thus from the published data (Bachman and Pettit,
1941) solvent systems were selected with pertition
coefilcients greater than unity and widely seperated
for oestrone and oestradiol-17f. For 'ordinary
phase' partition chromatogrephy, where the more polar
of the two solvents is held statlionary, two systens
seemed to be suitable, These weres

(1) 30% ethenol/petroleum ether, in which the
partition coefficients in favour cf the station-
ary phase (30% ethanol) were 1,8 and 11,5 for
oestrone and cestradlol~l7p respectively,

(2) W-sodium hydroxide/benzene, in which the
partition coefficients in favour of the

stationary phase (N-sodium hydroxide) were 4
and 19 for oestrone and oestradiol-l7p
respectively.

Since the oestrogens are dissociated in alkaline
solutions and should thus show a non-llinear partition
isotherm, attention was first directed to 30%
ethanol/petroleum ether, Investigations were carried
out at some length, and it was conclusively shown that
with & 1 x 10 em. column, separation could readily be
effected, Oestrone was eluted from 15-35 ml., with

oestradiol/
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oestradiol not appearing in the eluate until 85 wml,

A ma jor difficulty, however, in connection with the
gquantitative application of the solutes to the column
arose from the slight solubility of the cestrogens,
It was found impossible to transfer the dry residues
guantlitatively with 3 2z 1 ml, washes of the moblle
phase, BRven after dissolving the oestrogens in
acetone, mixing the solution thoroughly with a small
amount of dry cellte, allowing the solvent to evapor-
ete, end pouring the dried powder on top of the
chromatogram, marked band spreadlng occurred and the
oestrone was eluted from 11-85 ml, MNoreover, 1t was
found that thls system was not effective in the purifi-
catien of oestrone: the eluate fractlon was not com-
pletely separated from & rapidly moving bend cf
chromoganic wmaterial,

With the demonstration of the acldic eand basic
nature of some components of the lmpuritlies, 1t became
desirable to use a system which would ald in theilr
removal, At thls time the use of a benzene/sodium
hydroxide system in the chromatographic separation of
various oestrogens was reported, This was therefore
investigated. As has been pointed out (p.1l21) the

pertition coefflcients are favourable for separation

vy/
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by chromatography. Moreover, as Professor Marrian
noted, the use of such a system would eliminate the
necessity of separating the lipophilic phenols and
neutrals early in the procedure, 500 ml, (1/5
aliquot of a 24 hour specimen) of male urine were
hydrolysed and taken through the extraction procedure
to the stage of lipophilic phenols + neutrals (see

P. 78 ). The residue was applied to & partition
chromatogram with N-sodium hydroxide as the stationary,
benzene as the mobile, phase. The elution pattern
found is shown in Fig. 18. The results obtained
with oestrone and oestradlol-l7f are shown in Fig,

19. It will be seen that there was a remarkable
purification, A large band of chromogens, presumably
"neutrals', were eluted well in advance of oestrone,

A distinct brown residue was left on top of the
column, This was presumably acldic materlal formed,
by molecular oxidation, on contact with the strongly
alkaline stetionary phase, One difflculty with the
pure oestrogens was the delayed elutlon of oestradiol-
17, The separation obtained was in fact too good.
The elution pattern of thils substance was confirmed
several times, and 1t became obvious that a modifl-
cation was required to lncrease the rate of its
elution,

"he/
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The behavilour of the pure oestrogens was what one
would expect on theoretical grounds, It wlll be
remembered that partition coefficlents of 9 and 19
have been quoted as the i1deal values for separation
and purification of solutes (Synge, 1950, see p. 107).
As an examination of Martin and Synge's original
equation (p. 120 ) shows, for any given ratio of
partition coefficients maximal separation of two
solutes will be obtained when the wvalues are greater
than unity. In the solvent system N-sodium hydroxide/
benzene, the partition coefficients for oestrone and
cestradlol-1l7p are 4 and 19 in favour of the polar
phase, The 1 x 13 em, column used 1;?2xper1ment
was required in order to galn maximal efficlency in
the separation of ocestrone from the rapldly flowlng
contaminants of the neutral fractions, but such con-
ditions resulted in a proiongad delay in the elutlon
of oestradiol-l7p. Thus with partition ratlos of 4
and 19, adjustment of conditlons to glve optimal
efficlency for the wore rapidly moving component: has
glven such a wide zero elution zone between the two
that the second component has undergone marked vertical
diffusion on the column, In this way, the efficilency
of the columm for the second component has been

markedly decreased. If the partition coefflclents

were/
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were somewhat closer together but still away from

unity, the chromatogram could be used with a high
degree of efficiency for both components, This seems

to be the reason for selecting solvent systems with
partition ratios of about 9 and 19 for the separation
and purification of two known solutes as was recommended
originally by Synge (1950).

On the other hand for the particular purposes
of this investigation, the system under discussion
presented certain definite advantages, The separ-
ation of the two oestrogens was so marked thet a
large safety factor was introduced into the method.
Moreover, the chromogens had separated into two
distinct bands, The neutral (and presumably also the
baslec) components were eluted well shead of the
oestrone. The acidic products of oxidation of non-
oestrogeniec phenols appeared to be firmly held on
top of the column,

The real difficulty therefore lay in the
inconvenience of continulng elution to the 200 ml,
which would be required to ensure quantitative
removal of the diffuse oestradlol-l7f band, It was
declded to elute with 50 ml. of the original moblle
phase in order to ensure complete rewmoval of oestrone
and then to modify the procedure in order to sharpen
the elution pattern of the second oestrogen.

Theoretically/
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Theoretlecally 1t should be possible to do this by
changing from elution analysis to displacement
analysis, Accordingly traces of dilute mineral acid
were Introduced into benzene and this substituted for
the original mobile phase, This was effective, the
oestradlol-l7p being displaced in front of the chromo-
gens, This was a true displacement in that the acid
added to the moblle phese acted by alteration of the
partition coefficient (Martin, 1949). It was con-
sldered, however, to be a possible source of loss in
that destruction of the oestrogen might occur due to
the presence of traces of acid during removal of the
solvent,

The problem was then epproached by the technique
of fractlional elutlion which has been s0 widely used in
adsorption chromatography (Reichstein and Shoppee,
1942)., Immedlate success was obtained by the use of
75% ethylene dichloride-benzene, This solvent was
substituted for the original moblle phase when the
eluate was 50 ml, Marked sharpening of the band
occurred and guantitative elution was readily achileved,
This procedure was used for more than a year., Never
in this time was oestrone found in the eluate after 35
ml., and so for economy of time and materlal 1t was
declded to change the solvent at 40 ml, All the data
in the following Figures have been obtained by thils

procedure,
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b. Effect of variables on the elution of oestrone,
oestradiol-1"E.

Repeated chromatography by the method outlined
above soon demonstrated that tnere were ratner serious
variations in the elution patterns, particularly of
cestrone, On occasion it began to appear in amell
eamounts in the 8-10 ml., fraction, It was decided that
a full investigation should be conducted, 1%The importe
ant variables found are discussed below,

(1) Effect of variation in the normality of the
stationary phase,

All other factors were kept constant, but
the normelity of the stationary phase was varied
from 0.5 N to 1N-NaOH, The results are shown
in Fig. 20 on the facing page. It will be seen
that et this high operating temperature, the
highest peaks and sharpest curves were obtained
with 0.5 N-NaQOH,but oestrone was eluted too quickly
for the removal of the neutral and besic impurities,
Increase to 0,6 N advanced the elution only very
slightly. There was, however, a significant
change at 0.7 N-Na0H and further increase to a
normal solution did not alter the pattern of
elution, Obviously therefore the best choice
offering least possibility of variation was
0.8 N=-NandH, This has been adopted and to avoid

excessive/
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excessive changes due to carbonate formation, a
standardized solution is prepared each week,
Further increase in concentration was undesirable
in that inorganic residues would be present in the
benzene in quentities sufficient to lead to
destruction of oestrone during the removal of the
solvent,

In these experiments approximately 150 4g.
of oestrone and oestradiol-l7f were trensferred

to the column with 3 x 1 ml, of equilibrated
stationary phase, allowing each wash to go into

the top of the column, Fractions were collected
every 2 ml, and analyzed for the appropriate
oestrogen by the hydroquinone sulphuric acid
colour reactions,

The results were highly interesting in that
(in conjunction with the data of the next section)
a complete explanation was obtained of the only
important variations encountered during the past
three years, When this solvent system was
originally used, the practice was to mix Celite
and a large excess of approximately N-NaOH
(previously equilibrated with benzene) in a beaker
with thorough stirring to secure a uniform

dispersion/
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dispersion of the stationary phese in the Celite,
The mixture was then poured on to a Buchner funnel
to form a pad of about half en inch in depth, and
sucked 'dry' with an efficient water pump. In
this way the excess of stationery phase weas
removed and a uniform standardized amount left
within the cellular metrix of the Celite, which
could of course not be removed by suction., fThe
'dry! powder was then made into & slurry with the
mobile phese and pecked in the column in the usual
way., Subsequently when verietions in behaviour
occurred this step seemed the most probable source
of error, It was thought that the prolonged
passage of COp-laden air through the Celite ped
during the filtration was causing a pertial neutreale
ization of the sodium hydroxide, Addition of
various standardized alkali solutions in the volume
shown to be retained on the Celite after the
filtration procedure, and obteining uniform dise
persion in the usuel way by stirring in a beaker,
proved that the originel method gave colurms come
parable to those obtained by the addition of 0,5-

0,6 N-NaQH. In order to achieve uniformity

with/
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with earlier results, the stationary phase was
chenged to freshly prepared 0,58 K-NaQH., For a
wihnile very consistent results were obtained and it
wae considered that the verlable had been removed,
Subsequently, however, the difficulty reappeared,
It was noticed thet eearly elution of ocestrone

occurred during times when the laboratory wes

warm, With the standard separating funnel
technique, an attempt wes made to show a variation

in partition eccefficient with temperature, This
was unsuccessful, presumebly because the change
was too smell to be demonstraeble with the colour
reaction, It has elready been seen in Fig, 20
that 0,6 N-NaOH at 70°F. ellowed oestrone to
appear in the cut from -8 ml,, whereas experiments
carried out over the course of the previous six
montns hed esteblished 12 ml, &8 the point at
which oestrone ordinarily appesred, Intermediate
velues had occasionelly been obtained asnd these
inveriasbly occurred on the warmer days., FPrelime
inary experiments clearly indicated that the
veriations found with temperature and normelity of

the stetionary phese were interrelated,

(2) /
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(2) Effect of variastion in temperature,

A series was done varying both these factors
and typical results are shown in Fig., 21 on the
facing page., It will be seen that at T0°F. with
Oel N~NaQH a8 the stationary phase no separation
at all was obtained, both oestrogens being
completely eluted by 8 ml, Cuts taken up to
100 ml, contained no oestrogen, At 60°F, with
this stationary phase the two were just separable,
When the normality was increased to 0.8 N-NaQH,
variation in temperature still had an effect on
the elution patterns of oestrone and oestradiol-
178, but to nothing like the same degree, Even so
it was obvious that if 1 x 12 cm, columns were to
be used the tempersture should be below 70°F., to
allow & zero elution zone between the chromogens
and oestrone, In the finalized procedure the
column length has been maintained at 12 ¢m, end
the operating temperature fixed at 65°F,

The explanation of these marked effects is
obscure, &n 1increased temperature is desirable
in that a closer epproach to equilibrium is
obtained (Tompkins, 1949). Moreover, on basic

principles/
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principles one would expect less deviation from

ideal solutions at high temperatures, On the other

hand, more alkali would be taken up by the benzene

and proportionately less left in the stationary

phase on equilibration, This would explain the

greater effect at the lower concentrations and

is probebly the correct explanation,

(3) Effect of variation in amount of stationary
phase,

Indications were obtained in the course of this
work of a slight variation in elution behaviour if
the Celite after drying in en oven for 48 hours was
exposed to moist air before use, An experiment was
conducted keeping eall other factors constant but
varying the amount of stetionary phase added.

The results are shown in Fig. 22 opposite, It
will be seen that 6 ml, and 8 ml, per 10 g. Celite
were virtually identical for oestrone, but that
oestradiol-178 was eluted somewhat eerlier and
more sharply at the lower concentration, Much
more pronounced effects were seen with further
increase in the amount of stationary phase added.
Agein the veriation was more marked for the slower

moving/
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moving component and quite marked spreading of the

band occurred.

From theoretical considerations, since

R = A (1)
AL + a AS

one would expect that decrease in AS (with increase
in Ap) should increase R. In other words, with
less stationary phase the solutes would run faster,
Consideration of the general distribution lew
suggests a similer conclusion, The expected
result was found es demonstrated in Fig. 22, There
is, however, an upper limit to the amount of
stationary phase, At a concentration of 10 ml,/
10 g. Celite, the advantage gained in delaying the
elution of the oestrogens wes lost by the marked
band spreading which occurred, It was observed
that the slurry obtained under these conditions was
greanular, whereas in the other two cases it was
finely flocculent, Formerly 9 ml, had been added,
and it was on these occasions that the necessity

of keeping the Celite dry was seen, Even with this
precaution irregularities were sometimes noticed in
the elution curve for ocestradiol-178 (cf, Fig.20).
As Martin (1949) pointed out, the consistency of
slurry obtained with the packing technique adopted

here/
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here depends very largely on the interfacial
tension of the two liquids, With benzene-water,
where this tension is high, it is necessary to use

a disc containing lsrge holes (S.W.G,19) in order
to force the packer through the slurry. The

resultant particle size therefore tends to be
relatively large. An excess of stationary phase
increases this effect and results in a granular
slurry. Under these conditions a longer time is
necessary for adequate equilibration so that pere
colation rate becomes more criticel, Moreover, as
Glueckauf (1949) has pointed out, the larger the
particles the greater the tendency for the bands
to be disrupted by chennelling down the walls, It
was decided to use 8 ml, stationary phase per 10 g.
of dry Celite in the finalized method, To
decrease this further seemed likely to result in
too smell & zero elution zone between cestrone and
the group of polarifugsl impurities of urinary

extracts,

(4) Veriation in size of column,
That variations in the height of the column
will affect behaviour calls for no demonstration.

The height of 12 em, hes been adopted because with

the/
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the other varisbles controlled the desired elution
pattern is obtained, Where higher operating
temperatures ere used, column length must also be
increased, The diameter of the column has been
erbitrarily fixed at 1,0 cm, Partridge (1950)
recormended maintaining a height-diameter ratio

of approximately 10 to 1. Glueckauf (1949)
pointed out that if 'the column is too short and
fat, disturbances due to channelling and tilting
of the boundaries become predominant, effects

which cannot be assessed numerically, If the

column chosen is too thin end long then the area
of the larger pores at the wall becomes an
appreciasble fraction of the total cross-ssctional
area of the column end severe wall-channelling
arises leading to & boundary form in the columm
of the type which csuses mixing of the different

separated solutes in the elueate',

(5) Effect of mode of addition,

It will be recalled that an advantege of this
solvent ayétam.is that the equilibrated mobile
phase is en efficient solvent for both oestrogens,
 In the stendardized procedure the residues in a
round bottom flask are transferred to the top of

the/
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the column by three individual 1 ml, washes, each
entering the column before the next is added.

Where a larger volume is used the effect of frontal
anealysis is seen in a marked spreading of the

band (Martin, 1949). The solutes are insuffi-
ciently soluble and spread over too large a surface
to ellow the use of an asliquot of a single 1 ml,
wash, On the other hand, it was desireble in a
routine method to add_the three washes successively
without waiting for each to enter the column, A
comparison of these two modes of addition is shown
in Fig., 23. It will be seen that for the faster

moving component (oestrone) there is a slight
tendency even at 60°F, for somewhat early elution,

The effect is more marked and the curve more
irregular for oestrediol-l1%g. It was concluded
that the method of separate addition was preferable,
(6) Effect of veriation in percolation rate of
mobile phase,
Originally it was believed to be impossible
to obtain the desired percolation rate with
grevity feed to the column, As more experience

was/
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was gained in packing chromatograms, the problem
was largely eliminated, As has elready been
stated, the optimal Rp represents a compromise
between the two opposing factors of adequate
equilibration and vertical diffusion, Cook
(1949) found the volume of the band to increase

markedly when the rate of flow was decreased from
10 ml,/hr. to 1 ml./hr, and ascribed it at lsast

in part to verticael diffusion, Fig. 24 shows
the significant edvance in point of elution as

the Rp was increased to 20 ml,/hr,

(7) Effect of concentration,

Fig. 24 also shows 2 comparison between
elution pattern at 25 and 150«g. concentrations,
It will be seen that qualitatively similar elution
patterns were obtained at both concentrations,

In elution analysis such as has been used here,
the permissible loading of the columns is low,
If the quantity of solutes applied is too great,
the partition coefficient is affected and
asymmetry of elution pattern results,
characterized by steep leading edges and

decreased/
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decreased zero elution zones (Tompkins, 1949;
Martin, 1949), The range investigated here
however is sufficiently wide that only in late
pregnency urine might the permissible concentration
be exceeded and in such 2 case a suitable aliquot
should be epplied to the column,

The relative symmetry of the curves at the
higher concentrations is rather unexpected, It
will be recalled that doubts were felt ébout
using this solvent system for fear of curved
partition isotherms and resulting tendency to
tailing in elution, Certainly Levl (1949) found
isotherms of the Freundlich type when buffers were
used as the stationary phase in elution analysis
of various orgenic acids, In the system under
investigation here, the large excess of alkalil
would ensure that the cestrogens are present in
the agueous phase a2s the ionized sodium salts,

The results obtained suggest that this same ilonic
species is also present in the moist benzene, =0
that a linesr not a curved isotherm results, Thus
the psrtition coefficient of oestrone between
benzene end N-sodium hydroxide may depend on the

amount,/
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amount of sodium hydroxide taken up by the benzene,
end on the partition of the ion. This would
explain the marked dependence on temperature seen
in the chromatogram, especially when the available
alkali is small (0,1 N-NaQH stationary phase),

The efficiency of the chromatographic proe-
cedure in the purification and separation of
oestrone, oestradiol-l1l%g is shown in Fig, 25 on

the facing psage,

¢, Preliminary Purificetion of Qestrone, Qestradiol-l1l%Eg,

Difficulty was encountered in dissolving com=-
pletely the residue of lipophilic phenols and neutrals
in certeain urines, Moreover in some cases no gzero
'elution zone was found between the chromogens &and
'oeatrone. For these reasons it was considered desire
eble to carry out some preliminary purification, As
has elready been stated, when the concentrated residue
was placed on the chromatogram & dark band formed on
top of the column end was not eluted by 75% ethylene
dichloride in benzene, This zone, which the author
.believea to arise from molecular oxidation of labile
phenols, did not contaminate the final oestrogen

fractions/
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HCG, H,0 washed Ether Residues

I'5ml Ethanol
25m! Benzenc

Benzene
2x25ml HP
2x125 ml! HO
Aqueocus Benzene
| Hydrophilic Phenols| 125 mi Benzene
Sm! N NoOH
Shake
5mi 187, H,50,
Shoke
Benzene Aqueous
2x5 m! H,0
|
Benzene Aqueous

To dryness
Partition Chromatogrom
O8N NgOH — stat. phase
Benzene—Mobile phase
8ml SP/10G Celite
Rp 1O-12mi/hr
Ix12cm. 65°F
Eluote
O-I0OmI Neutrals, Residual boses;Discard
0-40m[orurond
Change Mobile Phase to757.EtCI,-'B¢nun¢
40~115mi-[Oestradiol 174 ]
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fractions, Partial removal of 1t beforehand, however,
eliminated the difficulty of dissolving the residue

in the mobile rphese, This removel wes accomplished

by shaking the benzene solution with N-sodium hydroxide

and washing with N-sodium carbonete after acidification,
The chromogens appearing in the eluate
immediately prior to cestrone (4«10 ml,) were not
lessened by separation from the neutral fraction as
in the Clayton-Marrian procedure, It was thought
that this band represented basic material and it was
markedly decreased by washing the benzene with 15%
(v/v) sulphuric acid as suggested by Bachmen and
Pettit (19041).
The modified procedure is shown in Fig. 26

on the facing page.
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Figure 27. Procedure for Extroction ond Puriticotion of Oestriol.

SOOmII':Jg aliquot ’24 hr :pecimm) to 8oi'ing Point
Add 75m! !ON minera! ocid.

Boi! lhr, Coo!.

ixi50 ml.
3x425 ml.
1
Aqu‘cou: Ether
3x35m! 8'57,NakCO,
x25m! HO
Ethr Aqueous
To dryness
I'Sml Ethano!
25ml Benzene
2%x25m! HO
21125 m! HP
|
Aqu eous Benzene
Add 7:5ml ION NoO ; Lipophilic Phenols
2x25ml EtCI,
—
ETClH, A_Iqutous
CO,to pH 95
4x40ml Ether.
Aqueous Ether
2x5m! HO
Aqueous Ether
To dryness

Partition Chromatogram

Mobile Phaose—EtCl,
Stat Phase — 70/,M¢OH
Ix10cm. 25°C-.
5ml SP/5G Celite
Eluote

' s 10 = 35m! Oestriol
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IV, SOURCES OF ERROR IN THE METHOD,

The informatlon set forth in Part III has been
primarily concerned with the efficiency of wvarious _
procedures in the purification of the oestrogens in
acld hydrolysed urine., It will have been obvious
however that in the selection of methods for the re-
moval of lmpurities full conslderation was glven to
the necesaity for quantitative recovery of oestriol,
-oéatrone and oestradiol-~l7p. This aspeet of the

problem is discussed below,

A, Loss of Oestriol on Extraction from Agueous Acid.

| 1, General Discussion.

The method adopted for the extraction and '
ipurification of oestriol from urine after acid
}hydrolysia is shown in Fig. 27. Initially A,R. hydro-
ichloric acid was used since this had been widely used
by various workers since 1934, The exhaustive ether
Iextraction was adepted in view of the discrepaney in
the literature in regard to the partition coefficient ‘
of oestriol between this solvent and dilute mineral |
acid, Mather (1942) used bloassay and found a value

of 6.1, Tis was confirmed by Brown (1952¢). Bachman i
and Pettit (1941) however reported a ratlo of over 20, |
Engel/
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Engel and his coworkers (1950), and Diszfalusy (1953)
!/i;eagreement with this higher ratio, The varied
| results of the different lnvestigators may possibly
be due to contamination of commereial oestriol by a

more polarifugal component, As has already been

stated, Swyer and his coworkers (1952) reported an
impurity in their ocestriol which was intensely reactiein

fluorimetric methods of determlinatlion, Experiments

conducted by the present author showed a partition

coefficlent of 5.,5~6.0, and this has been used to
 determine the procedure for the ether extraction,

Data published by all the investigators indicate

| that the blcarbonate washes wlll not remove ocestriol,

- The smell water washes were lntroduced to avoid poasiblb
destruction during distillation of the ether, The
efficiency of water, in the amounts shown, in the re-

' moval of oestriol from a solution of benzene containing

56% ethanol was concluslvely demonstrated by Clayton

iand Marrian (1949). The present author has shown that
no loss of oestriol occurs on shaking in normal sodium
hydroxide nor does ethylene dichloride extract any

!from this medium, Engel and his coworkers (1950)

' showed that the partition coefficient of oestriol

| between ether and an aqueous phase does nct fall

appreclably/
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appreclably until the pH 1s over 9.5, and this has
been confirmed by Brown (1952¢) and by the present
investigator, '

The introduction of the partlition chromatogram |
resulted in a small loss of 3=57%., 'This has been
demonstrated repeatedly over the course of the past
 three years., Invariably a component giving the
typical pink colour in the Kober reaction has appeared
'in the eluate from O0-3 ml, As yet thls has not been
fully investigated but it 1s belleved that this merely
indicates trace contamination of the oestriol being
used in thils department by a more polarifugal sub-
stance. This has been disregarded in the present
investigation.

All of the procedures of the methed were thus |
virtually quantitative and 1t was felt that recovery
experiments would merely represent an assessment of thei
technical skills of the operator., Initially in order |
to avoid complications arising from endogenous meta- |
‘bolites, oestrogen was added in known amount to a
mixture of 500 ml, of water and 75 ml, A.Rs hydro-
chloric acid in the cold and treated as shown in the
flow sheet in Fig, 27, Typlcal results showlng the
recovery of cestriol are listed in Table 35, A more

complete serles is shown in Appendix VI, p. 35.
Table/
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Table 35, Recovery of oestriol from 500 ml. of water and
75 ml, concentrated HCl.

Qestriol %
B Deoa Dgoa Dsoe Deorr, Kecovery
150 0.145 0,045 0.004 0.138 74
0,141 0,045 0,006 0,132 71
0.144 0,038 0.001 0.141 75
0.138 0.037 0.001 0.135 "2
25 0,104 0.081 0.014 0,085 45
0.110 0.06% 0,014 0,080 48
0,150 0.060 0.014 0.131 70
0.14%7 0.062 0.014 0.130 70
Stds. 0.186 0.038 0 0.186

0.180 0,038 0.001 0.189

In each case the first 8 ml, cf eluate from the cnromata-
gram was shown to contain only the trace contaminant
already mentioned end continuing the elution beyond

40 ml, did not increase the yield. The results include
experiments in which the ether volumes &t all stages
‘were increased, equilibration times prolonged, and
distilletiones carried out under nitrogen. None of

these mesasures was in any way beneficlal,

The results clearly indicated that the recovery
of oestriol from pure solution was completely unsatis=-
factory. Not only were the yields low in all the
experiments but some showed markedly decreased values
for no spperent reascn. It was clear that the causes
of these effects had to be found., The individual steps

were investigeted end it was soon found that loss was

occurring/



(ss3nrwa ol) (awvosia)

Y3H13 SNO3INDV
L J
’4 /,
O'H |wgz xZ (auvosia,
Y3HL3 SNO3NDV
L J
S0DHON p1vs
|WG € x€
SNO3NOV H3IHL3

L ]
WwGsZ|xy «_UEJ

IDH 'YV |W&/L QQVv
OH WOOS + 1OMNdLS30

‘Q1DV IVH3INIW SNO3NOV AOYd TOI¥LIS30 30 NOILDWYHIX3 8Z Dl



occurring in the initial extraction, which is reproduced
in Fig. 28 on the facing page. Attention was therefore

directed to this procedure.

2. Colour Reaction

Much of this investigation was carried out
prior to the demonstration of Type II inhibition and
fading, which have been discussed in Part II, 1In all
the experiments, however, the reagent was stabilized
by the addition of ethanol or m-cresol so that the
major defect in the estimation of oestriol in the
presence of solvent residues had been eliminated.
Investigation of these faults was carried out over a
period of months with different reagents and under
different conditions of illumination in the leboratory,
but never were quantitative recoveries obteined from
the simple procedure shown in Fig., 28, Definite proof
that the hydroquinone colour reaction when stebilized
with m-cresol or ethanol (see Appendix II, p., 8 ) was
not the cause of the loss was obtained by carrying
through a blank extraction and adding pure oestriol
to the residues obtained on distillation of the ether,
Typical results are shown in Table 36. 'Oestriol
extracted' is the residue obtained by extracting
2%/Lg. of oestriol from a mixture of 500 ml, of
distilled/
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distilled water and 75 ml, A,R, hydrochloric acid@ with
ether as shown in Fig. 28, p. 1,5, and transferring to
a Kober tube with ethanol, 'Blank extraction +
oestriol' is obtained by adding 25« g. of oestriol to
a Kober tube containing the residues obtained from a
similar extraction from aqueous acid containing no
cestriol,

Table 36. Stebility of m-cresol modified hydroquinone
colour reaction in the presence oi etner

reasidues,
Expt. Deoa Dgox Dgos Dcorr. Recofery

1l Qestriol extracted 0.162 0.086 0,034 0,119 72
Blenk extrect + ocestriol 0,212 0,100 0,036 0.168 100
Blank extract 0.032 0,048 0,022 0.003
Standard 0.169 0.028 o} 0.169

0,163 0,025 O 0.163

2 Qestriol extracted 0.183 0,089 0.034 0,141 @ 83
BRlank extract + ocestriol 0,219 0,105 0,038 0,168 99
Standard 0,172 0.029 0,004 0,168

0.175 0,029 0,0C5 0,173 .

3 Qestriol extracted 0,191 0,085 0,02€¢ C,158 85
Blank extract + oestriol 0,206 0,070 0,021 0.182 o8
Blank extract 0,022 0,046 0,017 -

Standard 0,182 0,028 0,003 0,182
0,192 0.032 0.003 0,192

4 Qestriol extracted 0,170 0,088 0,036 0,126 72
Blank extract + oestriol 0,201 0,088 0,036 0,156 89
Standard 0.175 0,026 0 0.1%5

0.175 0.026 0O 0.175
These results have been selected to show that at least
on occasion type II inhibition and fading did not inter-
fere with the colour reaction. At no time however was
quantitative recovery of oestriol from dilute

hydrochloric/
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hydrochloric acid achieved, This was teken a=s a
definite indication of loss of oestriol during this
simple procedure and invéstigation was directed towsard

finding the source of this loss,

3. Loss on Transferring Residues to Kober Tubes

It was considered possible that a slignt loss
might be occurring during the transfer from a 1 litre
round bottomed flask to the Kober tube, This was done
by introducing 3 ml, of ethanol from a bulb pipette,
washing down the walls of the flasks in the process,
and transferring tne solution with another pipette. i
The procedure was repeated twice snd the ethanol re-
moved in a fine jet of compressed air, the tube being
immersed in & boiling water bsth, The sir was cleaned
by passing through cotton wool and then through a finel
sintered disc, The results obtained with the ethanol
stabilized hydroquinone colour reaction are shown in

Table 37,

Table 37. Transfer of 25 «g. of oestriol from 1 1,
fTuasks to Kober tubes,

D
Degoa Dgoa Dsos COEL

Oestriocl transferred 0,186 0.072 0,021 0,160
0.18% 0,054 2.020 0.16%7
0.178 0.054 0.013 0.163

Standard 0.172 0,032 0,002 0,172
The/
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The findings suggested a slight loss of oestriol
and the introduction of extraneous material during the
transfer process, At this time the 1 litre round
- bottomed flesks were cleansed by standing overnight in
chromic acid, rinsed with water to remove most of the
cleaning solution and then given a&n alcohol rinse to
remove the final traces of oxidant., They were then
rinsed twenty times with tap water and three times with
distilled water, No particular attention was being
- paid to the ground gless joints however, The procedure
was modified so thet the flasks were filled to the top
with cleaning solution and the Joints immersed in
ethenel for two or three minutes during the rinsing
process, Repetition of the transfer procedure from
flesks cleaned in this manner gave gualitetively and
quantitatively more satisfactory values for opticsal
| density es shown in Table 38,

Table 38, Transfer of 25.Lg, of cestriol from 1 1,
r.0, 1169KS Imoﬁ%ff?d’eleaning procedure)
to Kober tubes,

D
Dgoa Dgox Dave corr,
Qestriol treansferred 0.1%8 0.048 0.009 0.168
do. 0.183 0.041 0.008 0.1%6
Go, 0.1l 0,043 0.008 0.,1%3
Standard Q. 192 Q0,032 0,002 0.1%2

In/
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In all subsequent work, glassware with ground
glass joints was treated as described above, It will
be obvious however that this modification did very
- little to improve the recoveries, At the same time it |
wag shown that prolonged heating of the oestriol in a
stream of 2ir during the removal of the ethanol being
used at that time was not harmful even in the presence
of ether residues, These results are shown in Table 39.
Table 39, Effect of heating oestriol (25« g,) in the

prasence >f 20lvert residues (ethanole
hydrogquinone colour reaction),

Dgoa Dgo1 Degos Dcorr.

Qestriol + 10 ml, ethanolsy 0,162 0,039 0.C03 0.158
heated for additionsl 30 0.168 0,045 0,006 0,160
min.

Standard 0.166 0,038 0.003 0,162
0.169 0,040 0.002 0,166

Extracted oestriol in 12 0,145 0,058 0,028 0,115
ml, ethanol just to drye

ness

Extrascted oestriol in 10

ml, ethsnol; heated for 0e¢145 0,060 0.023 0,118
additional 30 min.

Standard 0.164 0,023 0,005 0,160

The evidence cited above clearly indicated that
no significant loss or destruction of ocestriol was
occurring during the transfer procedure, It was clear
then that the low recoveries were due to processes

ocecurring/



Tabls 40, Destruction of ocestriol bxﬁFe+++

BExtracted from Y5 wml. HCL

and:

500 ml, tap water
500 ml, distilled water
500 ml, glass dist, water
500 ml, dist, water +

0.5 mg, Fet++

500 ml, dist, water +
045 mge Cutt

- Standerd

Dgos

0,148
04149
0,142

0,035

04143

0.173
0.173

Dgoz

0,072
0,084
0,073

0,063

0,074

0,030
0,032

Daoe

0,023
0,031
0,021

0,022

0,021
0,003

DGOFP.

0,119
0,111
0.114

0,003

0,114

0,172
0,172

Recover

69
68
66

2

66
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occurring either while the oestriol was in contact
with the dilute hydrochloric acid or during the
extraction-distillation procedure,

4, Loss of Qestriol on Contact with Fe+++

Rosenmund (1948) demonstrated the destruciion
of oestrogens by acid hydrolysis in presence of traces
of ferric chloride, It was thought possible that this
ubiquitous contaminent might be contributing to the
losges encountered during extraction., In order to teaﬁ

 this hypothesis, 254 g. of oestriol werse added to 500

ml, of water of different degrees of purity and 75 ml. |

of A.R. hydrochloric acid, Ferric chloride (0.5 mg.

+++

Fe ) end cupric sulphate (0.5 mg.) were added to two

. of the flasks, The solutions were allowed to stand at |

room temperature for 48 hours, The ocestriol in =all
cases was extracted as shown in Fig., 28, The results
obtained using the sthanol stabilized hydroquinone
colour reecticn ere shown in Table 40 orn the fsacing

' pege. The results clearly indicated that rather large
emounts of Fa'H+ added to the agueous pheese caused
complete destruction of cestriol cn standing at room
temperature, Cu+* caused no destruction, The experi-

ments with tap water showed the same recoveries as that

' obtained/
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obtained with water distilled in an all glass spparatus,

though the former would undoubtedly contain more iron.l

Further experiments were carried out in an

attempt to establish the mechanism of the reaction,and

the most important results are shown in Table 41, !

++ =induced destruction

Table 41. Characteristics of Fe+
of oestriol.

Expt. Conditions Dgoa Deor Dsgos Deorn
1 Immediate extraction 0,144 0,116 0,033 0,096 |
4 hr, standing 0,061 0,048 0,015 0,040
Standard 0.183 0.028 O 0.185
0. 193 Oc 029 O 0. 195 |
2 12 hr, standing 0,050 0,068 0,027 0,013
12 hr, standing + 0.186 0.118 0.035 0,137
100 mg,vit, C
Standard 0.181 0.031 0.003 0.180

0.183 0,031 0,003 0.182

3 1 hr, standing 0.098 0,096 0,043 0,043
1 hr, standing +
1,4 mg. hydroquinone 0,195 0.089 0.037 0.151

Standard 0.155 0.018 0 0.156 |
0.163 0.021 0.002 0.l1l02

In all cases 0,5 mg, Fe**? was added to tne aqueous

phase along with the oestriol and nydrochloric acid.

The solution was extracted immediately, or allowed to
stand at room temperature for the time shown, The
results show that prolonged standing was not required,

there being 50% destruction even with immediate ex-

traction. Vitemin C in a concentration of 1/50,000
was effective in preventing the massive destruction.

Hydroquinone/

Rec%very

50
11

=27
°15)



| obtained from water samples of different iron content,

' between the hydrophilic antioxidant Vitamin C and the

| Hydroquinone (1/50,000) protected in a similar menner |

. Dr, Ramegay in this Department was unable to demonstrate
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and moreover allowed quantitative recovery of the
oestriol., It thus appeared that this antioxidant was

able to prevent not only the iron-induced oxidation

but also the loss which up to this time invariably

occurred,
The results shown in Tables 40 and 41 suggested

*++ was not related

that the destruction caused by Fe
to the low recoveries of ocestriol which occurred in

the routine ether extraction., S8Similar recoveries were

3

Relatively large sasmounts of Fe**™ were required to

cause additional loss., There was a definite difference

lipophilic antioxidant hydroquinone, although they

would be equally effective in reduction of Fe***t,

the presence of any iron in the glassware used or in

the final extraction residues, by means of the sensi-

tive 2-2'-dipyridyl reagent, Moreover, 1 mg., of Fe'**

added to the aqueous phase was removed during the

| washing procedure, none being demonstrable in the final

extracts, It was concluded that this contaminent did
not present any problem provided A,K, reagents were

used throughout. ‘
5./ |
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5., Antioxidants

It was noted that hydroquinone was effective

not only in preventing the massive destruction by

' Fet** put also geve quantitative recovery., This fact

was confirmed on several occasions and other antie
oxidants were tried, Typical results are shown in
Table 42, and the complete set of investigations is i
recorded in Appendix VI, p. 35. !

Table 42, Effect of antioxidants in protecting against
destruction of oestriol during extraction.

D :

Antioxidant Dgosa Deoz Dgos corr,
7 mg. hydroguinone 0.184 0.074 0.024 0.153
0.225 0,169 0,049 0.152

' Standard 0.165 0,033 0 0.163
0.164 0.033 0.003 0.160
100 mg. Vitamin C 0.188 0,158 0,045 S.121
0.188 0,109 0.040 0.138
0.,18% 0.154 0,082 O.116

Standard 0.186 0.035  0.007 0,181
0.182 0.038 0.008 0,176

' was in the ether phase, since the lipophilic agent was

It will be seen that hydrogquinone prevented the
spparent destruction of oestrogen during the extraction
process, whereas Vitemin C even at a higher concen- |
tration was ineffective, As shown in the complete
series in the Appendix, amino naphthol sulphonic acid

was also incapeble of increasing the yield. This

suggested that the loss was occurring when the oestriol

effective/ |

%
Recovery

9%
25

68
65
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effective and the hydrophilic agents ineffective, The
disadvantage of hydroquinone was obvious in that as
has been seen in Part III it is a source of non-
specific chromogens, This is evident in Table 42,
by the large difference in the Dgo¢ readings in the
duplicates., Moreover, since the purification method
has been designed to eliminate hydroquinone it would
be necessary to add it at each stage and accept the
brown residuzs which so readily form. The primary
usefulness of this series of experiments therefore
was that they indicated the ether phase as the site

of the destruction,

6. Peroxides

Long before the indication from the hydroquinond,

| the possibility that peroxides in the ether were the

cause of the destruction had been considered, Proof
of this hes, however, been difficult to obtain, On
the other hand, it was readily demonstrated that

residues resulting from distillation of the ether

caused a non=-specific component in the colour developed

in all modifications of the Kober reaction., Thus

| without s correction formula it would be believed that |

ether was enhancing the colour, A typical experiment

| 18 shown in Table 43,

Teble/
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i Table 43, Stability of oestriol during distillation of |

ether.
Expt. Dgoa Dgo1 Dgosg Dcorr.:
|
1 0.180 0,072 0.012 0.161
0.190 0.085 0.014 0.106
2 0.168 0.048 0 O.1c4 .
0.188 0.069 0.008 0.173 ‘
Standard O.162 0.028 0 ' 0.168 |
| 0.168 0,028 0 0.168

| Expt. 1 - 254g. oestriol was dissolved in 500 ml, of
ether (weter saturated), asnd the ether dise |
#illed almost to dryness, The solution was !
then traensferred to a Kober tube with 3 x 3 ‘
| ml, ethanol, and the solvents 'puffed down' |
at 100°C, in a current of air, |
Expt, 2 - As for Expt. 1, but the distillation was
‘ taken to dryness end the dry residue heated
‘ an additional 5 min, in @ boiling weater bath.
The results shown are typicel of many similar |
- experiments carried out., The ether used was A,R.,
‘ purified by weashing with e concentrated solution of

. ferrous sulphate in dilute sulphuric acid, and

distilled through a column (4 ft.). It gave a

negetive venadium pentoxide test like all other etnersi

. which heve been used in this investigation., There 1is ‘
no evidence of destruction or of enhancement provided |

the/



Table 44, Effect of hydrogen peroxide and acetaldehyde
on _the COlour Droduced DY OeSLrinl in the
m=cregol stabllized nvdroqulnone colour
reaction.

Conditions Dgoa Dgoa Dava Dcorr.

25U g, oestriol + 5 nmg. 0,160 0,036 0,008 0,152
Hﬁ 02

25 ug. oestriol + 5 mg, 0,175 0,080 0,008 0,156
HyOp + 254 g+ AcH

25u ge oestriol + & mg. 06192 0,135 0,011 0,157
}{QOQ + 50/6(8. AcH

25ug. oestriol + 5 mg, 0.202 0,182 0,010 0,156
HaOg + 75 ge AcH

Standard 0.150 0,018 0 0,151
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' the correction formula is spplied, Excessive heating
of the residue after distillation caused no loss, but
diminished the nonspecific background colour as

ievidenced by @ decreasse in the D, . readings. This

|
suggested that volatile substances were responsible

for the effect on the Kober reagent,

! Ether peroxides ere readily decomposed into
hydrogen peroxide and acetaldehyde (Reimers, 1945,
1 1946a,b,c), It was found that addition of small

amounts of these substances to the hydroquinone sul-

'of a brown cloudy precipitate, This effect was marked-

1y decreased by the addition of 2.5%(v/v) of m-cresol
to the reagent as has elready been discussed in re-
lation to Type I inhibition of colour development.

Various experiments were carried out in an effort to

of these contaminants, Typical results are shown in

|
iTable 44 on the facing page.

| The results show no evidence of destruction of
oestriol even though the contaminants were in contact
‘with the oestrogen for one hour, Allowing contact
iovernight gave similar results, The effect of the

|

contaminants/

'phuric acid reagent (Brown, 1852b) caused the appearance

show destruction of oestriol on standing in the presence
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contaminants on the nqnspecific colour 1s however
apparent,

This failure to obtain destruction by adding
aqueous solutions of nydrogen peroxide and acetalde-
hyde to a dry residue of oestriol did not exclude the
possibility that loss might occur during distillation
of ether solutions, Accordingly, oestriol was
dissolved in ether of differing degrees of purity,
the solutions shaken and the solvent was removed by
distillation, The residues were transferred to Kober
tubes with ethanol in the usuel manner and colours
were developed with the m-cresol stabilized colour
reaction., The results are shown in Table 45,

Table 45, Effect of acetaldehyde and peroxides on
oestriol (2ogg.) 1n ethereal solution.

Expt, Conditions Dgoa Dgo1 Deoe Deore,

2 4 50 ml,peroxide free 0.168 0,047 0,014 0.154 |

ether containing 50

AL g.hcH

Stenderd 0.154 0,021 0.004 0,154

2 50 ml, technical 0,026 0.028 0,012 0.010
ether (+ Vp0s test)

Standard 0.160 0.023 0 0.160

3 45 ml, peroxide free 0,168 0,045 0.009 0.157
ether + 5 ml, tech,
ether (+ V,0 5 test)

Standard 0.158 0,022 0,001 0,160

Again/

e

Recovery
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; Again no destruction was obtained in the presence of
small amounts of contaminants, Grossly contaminated |
| ether did however completely destroy the oestriol,
This is in agreement with earlier workers (cf. Cohen
and Marrian, 1954) who stressed the necessity for the |
use of peroxide-free ether, The results of both Table:
45 end Teble 43 seemed to indicate that peroxides were
' not formed during the distillatlion process in quanti-
ties sufficlent to account for the low recoveries, It
was possible however that even these trace amounts

| could over a long period cause destruction, In order
to check this possibility six uncontaminated oestriol

' residues and six residues obtained from distillation

| of 500 ml, of ether solutions, were left in the

| desiccator for two weeks, Colours were then developed
j using the m-cresol stabilized nydroquinone sulphuric

. acid reaction. The results are shown in Table 4o,
Table 46. Effect of prolonged contact between oestriol

and residues obtained by distillation of 50U
ml, of peroxide-iree ether,

Deos, Standards 0,174, 0.172, 0.172, 0.1%3,0.1%1,0.170

D304’ Distill- 0.090’ ‘3.125’ 00169, 00156’ 0-157,0.10
ation Residues

| 9 Recovery 52 "3 08 90 9% 06

At/

5
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At this stage in the investigation of the
effect of ether residues it was clear that the use of
. peroxide-free ether caused no loss of oestriol during
distillation under ordinary operating conditions,

RKesldues left from the ether distillations did however

developed in the Kober reaction and thus were a source
of nonspecifie chromogens, It was shown that more

background colour was produced by carrying through a

‘ complete blank extraction than from distilletion alone.

| This was assumed to be indicative of formation of more

peroxides at some earlier stage of the procedure, Since

|
‘the low recoveries were found only on complete ex=-
itraction from aqueous acid (see Fig. 28, p.1,5), and

' not on distillation alone, peroxides were still con-

gidered to be the cause of tne difficulty. It was felt

that the venadium pentoxide test was too insensitive,

end that the so-called 'peroxide-free' ether might in
fact contain peroxides which during the extraction
procedure would be increased to levels capable of
destroying oestriol. Over a period of three months
new and different methods of purification of ether
Iwera tried., These involved treatment with sodium

hydroxide, sodium wire, sulphuric acid, potassium

' permanganate/

cause an appreciable increase in the background colour

|
|

|
|
i
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permanganate, ferrous sulphate in neutral and acid
| solution and silver oxide, singly and in various com=-
binations. In retrospect the fallacy in the reasoning
is obvious, The problem was however complicated by
the use of an unsatisfactory colour reaction., Thus,
. as has already been stated, the day to day variation
| in Type II inhibition and fsding contributed largely
to the low recoveries of oestriol on extraction from
| aqueous acid, Superimposed on the inevitable loss
which occurred when oestriol was extracted from
agueous hydrochloric acid, there was very frequently
an apparent loss due to interference with colour
development, Wien conditions of i1illumination and
| second stage sulphuric acid concentration were right,
recoveries were improved, On the assumption that
the colour reaction was satisfactory, it was con-
. sidered that the better yields were due to the
| particular grede of ether being used, Typical
experiments illustrating these points are given in
Appendix VI, p. 37.

In the same period possible methods of
| decreasing peroxide formation were investigated,
Passing nitrogen into the ether and aqueous phases

before use was of no benefit, nor was distillation in

a/




a stream of nitrogen. Washing the ether extract

with an aqueous golution of sodium dithionite did not
improve the yields. During this period Dr, Brown

in the Clinical Endocrinology Research Unit was .
experiencing difficulties in the quantitative recovery;
of osestrone methyl ether which he was able to rectify i
by removing the solvent (petroleum ether) under |
reduced pressure in an atmosphere of nitrogen., A
modification of his spparatus was devised (see ;
Appendix III, p.1) ) and was used in the latter
experiments listed on p, 144 . No significant
improvement in the ether extraction recoveries
resulted, A comparison of the two methods was cabriedi

out with the m-cresol stabilized reaction. The |

results are shown in Table 47,

|
Teble 4%, Effect of mode of removal of ethanol from ‘
oestriol In the presence ol etner residues. ‘

m-cresol stabilized reaction

Deoa Deor Dece Deore. |

Solvent removed in air 0,162 0,038 0,015 0.14¢
0.151 0.028 0.008 0.145

Solvent removed in N, 0.182 0,052 0,021 0.1l62
0.106 0.031 0,013 0.15¢

Standard 0.185 0,019 0.003 0.18% i
0.,188 0.019 0.003 0.190 ‘

Evidently/

%

Kecovery
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Evidently the modified form of removal of the solvent
has not significantly improved the recoveries. In
order to avoid chance contamination during the removal
of the solvent the closed system was adopted, It 1s
however belleved that a ¢lean stream of alr is jJust
ag effective., There remained the possibllity that
the low recoveries consistently obtained over a six
month period were due to some technlcal error, Dy,
Brown very kindly arranged to have the procedure
carrled out in his laboratory using hils glassware

and reagents, Recoveries of 68, 72, 78, Y5% were
obtained using the ethanol stabilized hydrogquinone
colour reaction,

At this stage of the investigation it was
clear that definite loss of oestriol was occurring
durlng ether extraction from dilute aqueous hydro-
chloric acld, It was equally clear that neither

the cause nor the cure was known,

7. Hydrochloric Acid sas the Damaging Agent.

Early in the investigation extractlon from
water rather than hydrochloric acid had been tried.

Recoveries of 80-85% were cbtained, Subsequently

as/
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as it became increasingly clear tnat the hydroquinone |
reaction, whether stabilized with m-cresol or not,

was subject to Type II inhibition and fading, these
experiments were wmeé repeated. The results obtained !
with the m-cresol stabilized reaction are shown in
Table 48,

|
Table 48. Extraction of oestriol (25&g.) from H,0
and dilute HCI.
|

Conditions Dis6ia Deox Dsoe Doors. | %
* Recovery
' |

Extraction from H;0 0.178 0,085 0.025 0,183 | 02
0.189 0.063 0,025 0.163 o8
Extraction from dil. 0,150 0.080 0,032 0.112 | 6%
HC1 0.175 0.085 0,034 0.135 81

Standard 0.1%2 0.02%7 J3.006 0.170

0.165 0.024 0.004 O0.164

The improvement in recovery in the absence of hydro-
chloric acid was evident, The colour reacticn showed

Type II inhibition but successive readings of optical

density were teken until the maximum value in all
cases was obtained, The cause of the low recoveries
seemed at last to be found. Experiments were then !
carried out to check recoveries after neutralizetion ‘
of the acid, These gave very low and irregular
values possibly due to contamination in the B.P. ‘

sodium/
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godium hydroxide used for the neutralization., The
decisive experiments which established the cure are

shown in Tsble 49.

Table 49, Recovery of oestriol (25 «g.) from different
aqueous media,

Extracted from: 4 Recovery

corr.,
595 ml, HpO 0.204 0,073 0.023 107
500 ml, Hy0, 75 ml, HCl 0.169 0,070 0,030 76
500 ml, Hp,O0, 75 ml, HCl 0.195 0,081 0,032 96
(neutralized with NHs)
500 ml., Hp0, 75 ml, 30% 0.1956 0.067 0.025 101
Hp S04

Evidently oestriol was not being destroyed by-hydro-
chloric acid when in the aqueous phase, since recover-
ies were satisfactory if neutralization was carrisd out
prior to extraction. This was in agreement with the
failure of hydrophilic entlioxidants to overcome the
loss as has already been discussed. Moreover, it was

. not merely a question of hydrogen ion concentration
during the extraction since sulphuric acid was not
harmful. These results have been confirmed on many

occasions, and some of these are shown in Table 50,

Table/
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Table 50, Extraction of oestriol from dilute sulphuric

acido
%
Recovery
Extract 0.190 0.063 0.025 89
" 0.192 0,065 0,028 29
1 0.192 0.066 0.027 99
" 0.193 0,067 0,028 99
Standard 0.168 0.024 0.004
0.164 0.028 0.004
Extract 0.185 0.049 0.011 100
N 0,170 0,039 0.001 95
Standard 0.171 0.021 0
Extract 0.198 0.084 0.,01¢ 04
" 0.185 0,051 0,013 94
Standard 0.182 0,030 0,003

0.182 0.0380 0.001

This extraction procedure was used as the
guide to the investigation of Type II inhibition and
fading. The reason for the loss found with hydro=-
chloric acid is not readily eppsarent, It is
unlikely that it is due to contamination of the
reagent by heavy metals, During this investigation
hydrochloric acidsof several different batchea from
two suppliers were used. Possibly the monovalent
acid forms andgggpium galt with ether of greater

stability than/the divalent acid, If this were

so, one could hypothesize that sodium bicarbonate

is/
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is able to remove sulphuriec acld but not hydrochloric
ecld from ether, The significance of the finding is
apparent, If hydrochloric acid is used for the
hydrolysis, loss of oestrlol will occur during dis-
tillation when only the standard washing procedure

is used.

B. Loss of Oestrone and Oestradlol-l7f on Extraction
Trom Aqueous Acid.

Throughout this investigation the recovery of
oestrone and oestradlol-l7p from pure solutions has
been much more satisfactory than in the case of oestriol,
Typical results for the complete wethod (see Fig., 26)
are shown in Table 50,

Table 50, Recoverlies of oestrone and ocestradiol-l7p
extracted from aqueous HGL (complete procedure).

Oestrone % Recovery Ogstradiol- % Recovery
AL e 178yt o
150 90, 95, 90 150 83,100, 91, 89
98, 90, 90 90, 96,88
91,95,91,95 99,98, 85, 89
50 81,99,87,71 50 89,106,935, 84
25 72,72, 95 25 95,93, 92, 89
93,86,82,83 70,87,87
100, 86, 94, 97 7%, 67

The series was carried out prior to the standerdization
of the chromatogram temperature, but the results shown
include only those in which zero elution zones were

.| demonstrated before the collection of the oestrogen
fractions, Optical densitles were read at three

filters and corrected velues ere shown, It is evident

that/



Table 51, Recovery of oestrone end oestradiol-17g

(25« g.) from aqueous HpS04.

Extraction procedure:
Appendix II, p, 8

Transferring solvent removed in closed
system of nitrogen: see Appendix III,p.l4

Colour reaction:

a, Typical results,

Qestrone
DSOQ
Extract 0,445
0,452
Stendard 0,444
0,442
Qestradiol-1%p
Extract 0,552
0,365
Standard 0.345
0,249

DG o1l

0'1\)8
0.110

0.087
0.080

0.037
0.092

0.0%0
0.071

DG 08

0.009
0.013

0.002
0.003

0.010
0,014

0
0

b, Trensference with eldehyde containing

% Recovery

28
98

100
100

ethanol (oestrone)

Extract 0,445
0.442
0.428
0.465

Standard 0.490
0.485

¢c. Transference with aldehyde-free

Q.13
0.134
0.131
0.165

0.115
0.110

Je018
0.020
0,019
0.032

0
0

86
86
83
86

ethenol (ocestrone)

Extract 0,498
0.5098
Standard 0.485
0.505

C.152
0,170

0.112

'0e111 .

0,029
0,035

0,011
0.010

85
04
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that on the whole the results were better than those
obtained at the same time with oestriol (see p. 144).
On occasion quite large losses did occur, but the

mach greater problem of oestriol led to the investi-
gation of the colour reactlon and the possible causes
of destruction which have already been discussed.
Oestrone and oestradlol-l7p were destroyed to the ex-
tent of 40% end 75% by stending at room temperature in
aqueous hydrochloric scid in the presence of 0,5 mg.%
Fettt,

Vhen a satisfactory colour reaction had been
devised, the recovery of oestrone and oestradiol-l7p
on extraction from agueous acid (Fig. 28, p. 145) was
investigated. Typlcal results are shown in Table 5la,
On one occasion, when the transferring was done with
ethanol not freed of aldehydes, an appreciable loss
occurred as demonstrated in Table 51lb. Repetition of
the experiment with aldehyde-~free ethanol gave & more
satisfactory recovery (Table 5lec). This suggested
that, in the presence of ether resldues, aldehydes
were able to bring about a chemical change in oestrone,

Vore will be sald of this effect in the next section,



C. Destruction of QOestrogen in the Presence of Solvent
Residues,

The simple procedure of removal of 10 ml., of
purified rerectified spirit from 25 «g. of oestriol
in a closed system of nitrogen caused 10-15%
destruction with certain batches of alcohol, This
effect is possibly due to thiophene introduced into
the ethanol from azeotropiec distillation with benzene
during manufacture, Substitution of purified absolute
spirit eliminated this difficulty whether the solvent
was removed in air or nitrogen., Even with this type
of ethanol for transfer, losses of oestriol occurred
on extraction from aqueous acid (see Fig, 28, p. 145)
unless precautions were taken to render the alcohol
aldehyde-free, A typical experiment is shown in
Teble 52, In each case, oestriol (25 «g.) was added
to a 1 litre flask from which ether, taken through a
blank extraction (Fig. 28, p. 145), had been dis-
tilled. The contents of the flask were transferred
to Kober tubes with ethenol (3 x 2 ml,) and the
solvent removed either in a stream of air or in a

closed system of nitrogen as shown,

Table 52, Destruction of oestriol by heating in ethanol
in the presence of ether residues,

Ethenol Solvent removal Dgos Dgor Dgoe % _Recovery

AcH+ N, Puffer 0.313 0,137 0,032 83
AcH+ Alr stream 0.327 0,137 0.031 8%
AcH= Nz Puffer 0.351 0,149 0,035 94
AcHe Alr stream 0.335 0,123 0,022 23

Colour/
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Colour Reaction: Appendix II, p.8.

The results suggested that in the presence of ether
residues traces of aldehyde ere able to cause an
appreciable destruction of ocestriol, Subsequently
transference was done with aldehyde-free absolute
spirit; the solvent was removed by heating in a boil=-
ing water bath in a stream of air with the hydroquinone
required in the first stage of the Kober reaction,

Under these conditions 1t was shown (see Table 53)
that heating oestriol with ether residues alone caused
no destruction, Oestriol (lo/ug.) was sdded to the
ether from & blank extraction (see Fig, 28, p.145) and
the solvent distilled almost to dryness, 1In two cases
the flask wes heasted on the surface of the water bath
for an additional 15 min,, and in the other two cases
the residual solvent removed in vacuo. It will be
seen that no destruction of oestriol occurred.

Table 53, Stability of oestriol on heating in the
presence ol ether residues,

i

Dazo Dsiz2+5 Dsas Corrected D
Standard 0.296 0.4%72 0.098 0.2%6
0.244 0.422 0.071 0.264
Dry residue baked 0.285 0.466 0.098 0.270
0.204 0,456 0,002 0.263
To dryness in vacuo 0.317 0.480 0,117 0.263
0.413 0.550 0.149 0.269

Colour reaction: Appendix II, p. 10,

In/

X See p.1l71.
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In this experiment, the optical densitles were measured
with the Unicam spectrophotometer S.P,600,

The addition of acetaldehyde to the ether before
distillation caused destruction under these conditions
and for thls reason the Agg0 method of purification has
been retained, Washing an ether extract of oestriol
with aqueous bisulphite or dithlonite caused a loss,
unless the ether was subsequently exhaustively washed
with bicarbonate, This suggests that the effect is due
to formation of a relatively stable oxonium salt as in
the case of hydrochloric acld, It was also found that
other solvents destroyed oestriol to a similar degree,
whether heated in alr or nitrogen, This led to the
rigorous methods of solvent purification given in
Appendix I and to the addition of hydroquinone during
removal of solvents from the purified oestrogens, The
dlsadvantage of this latter practice was that frequently
there was an increase in the non-specific background
colour from the resldue in the Xober reaction but this

was corrected by the use of Allen's (1950) equation,
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D. Overestimation of Endogenous Qestrogen due to
Defect In the Colour Correction

The absorption spectra of the oestriol, oestrone
and oestradiol-l7f fractions of male urine residues
taken through the modified hydroquinone colour reaction
(Appendix II, p. 8) are shown in Fig, 29. The colour
correction devised by Brown (1952¢), which has been
used throughout the pure solution experiments, is
obviously uneble to deal with this non-specifie colour
since a linear relationship does not hold throughout
the range covered by the 601 and 606 filters, Very
high values for endogenous oestrogen were calculated,
particularly in the oestriol fraction, which in a
series of normal male urines averaged 40—60/ug./24 hr.
It was found that the use of a pure reagent or omission
of the hydroquinone added in the colour procedure, did
not improve the linearity of the residual background
absorption.

It was therefore necessary to measure optical
densities over a narrower range of frequency. This
was done with the Unicam S.P.600 spectrophotometer,

The equation of Allen (1950) was used for correction

of the non-pink component:

Dg + O
CDXgy = ODgx = 0_.3_2_29.

where 0Dy = the observed density at wave length X,the
absorption maximum (512.5 ms«. for oestrone
and oestriol, 515 m«. for oestradiol-178).
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ODg end 0Dy, = the observed densities at wave lengths
a and b which are equidistant from X
(480 and 545 mu. for oestrone and
oestriol, 480 and 550 mx for
oestradiol-178).

CDXgx = the calculated density for the particular
oestrogen; this represents only a part of
the total density at wave length X but the
actual amount of oestrogen is directly

related to this value,

Since the Unicam cuvettes require only 3.3 ml,,
a mieromodification of the colour reaction was
developed (see Appendix, p.l0). The absorption
spectra of the purified oestrogens (10/pg.) under

these conditions are shown in Fig, 30, The Ei%cm

is approximately 1700 for oestrone and 1400 for
oestriol and oestradiol-178. By use of the colour
correction, satisfactory conformity with Beer's law

was obtained as shown in Fig, 31.

E, Destruction of QOestrogen by Urinary Residues

That urinary residues on being heated in
ethanol can increase their chromogenicity and destroy
oestriol is shown in Table 54, Portions (14&0 of

the residue from the oestriol fraction of male urine

(see /
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(see Fig. 27, p. 141), were heated in a stream of air
with 10 ml, of aldehyde-containing ethanol with and
without oestriol as shown,

Table 54, Effect of heating urinary residues in
ethanol, with end without oestriol (25 «g,.)

Optical Density
880y 512.5,, 545.,C.D.

Unheated residues 0,08k 0,073 0,082 0,001
Residue heated with EtOH 0,114 0.092 0.068 0.001
Residue in EtOH, heated

with oestriol 0.275 0.405 0.171 0.182

Qestriol standard 0.247 0.425 0.125 0.239

Colour reaction: 7.5 ml,, Appendix II, p. 8.

When aldehyde-fres ethanol was used no signifi-
cant increase in the uncorrected optical densities
from the urinary residues occurred, but the loss of
oestriol was not diminished, A similar loss
occurred when oestrone and oestradiol-1l7f were
heated with the corresponding fractions of male
urine, Clearly the diminished colour production
could be due to either destruction of the oestrogen
or interference with the colour reaction, Addition
of hydroquinone to the tubes during the removal
of the solvent prevented the loss as shown in

Table 55,

Taeble 55/
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Table 55, Prevention of destruction of oestrogens by
urinary residues by the eddition 0f hydro=
quinone during removal of transferring

ETOH
Optical Density
480 - 512,5 o 545 ma corr,
Qestriol blank 0.345 0.327 0.229 0,015
Qestriol blank & oeatriol
(10 «g.) 0,726 0.781 0,330 0.263
Qestriol (10/6{‘8. ) Qe 260 Q. 425 0, 071 0.259
Qestrone blenk 0,185 0.159 0.115 0.009
Qestrone blenk &+ cestrone
(10 «g.) 0.460 0.645 0,179 0.325
Oestrone (10 xg.) 0.258  0.483 0.076 0.316
Qestrediol blank 0.125 0.1056 0.076 0.005
Qestradiol blank ¢ oestra-
diol (10 u«g.) 04366 0.530 0,125 0,284
Qestradiol (10 «g.) 0,209 0,404 0,056 0.271

In each case the appropriaste fraction of male
urine (corresponding to 1/12,5 of the 24 hr, output)
was heated in a stream of air with 10 «g. of oestrogen
in 6 ml, of sldshyde«free ethanol. The colours
developed by the residues in the micro-modification
of the Kober reaction (Appendix II, p.1lQ) were com-
pared with those developed by pure oestrogen snd
fractions to which no oestrogen was added, It 1s
apparent that the addition of hydrogquinone (50 mg.)
to the Kober tubes before removal of the transferring
ethanol prevented the loss of oestrogen seen in the

previous experiment.
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F., Destruction of Qestrogens during the Extraction
and purification Procedure.

When the accuracy and reproduci bility of the
method were tested by recovery experiments, in which
oestrogens were added to 1/5 aliquots of 24 hr, male
urine specimens after hydrolysis, evidence was obtained
of definite losses, At the start of these experiments,
the initial extraction procedure (see Fig. 28, p.1l45)
was modified so that after one wash with 35 ml, of
8.5% NaHCOs (to remove most of the mineral acid from
the ether), the extract was shaken with 2 ml, of N-
NaOH to effect oxidation of phenoliec contaminants, then
shaken with 35 ml, of 8.5% NalCOs to buffer the NalOH
to pH 8.5, and the combined washing discarded., This
was repeated and followed by two washings with 25 ml,
of water, In this way considerable purification was
obtained so that the benzene-water partition was much
less susceptible to emulsion formation, The sub-
sequent alkalization procedures of the separated
fractions (see Fig., 26, p. 140; and Fig. 27, p.1l4l)
still ceaused the formation of brown coloured substances,
The losses which were encountered during the extraction
of the individual oestrogens will be discussed below,
All recoveries quoted are corrected for the non-pink
component by the equation of Allen (1950) as described
on p., 171, and for endogenous oestrogen by analysis of

aliquots/
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aliquote of urine to which no oestrogen was added.

1. 0Qestradiol-l%E.

A series of thirty-three analyses of 25« g. of
oestradiol-178 added to a 1/5 aliquot of a 24 hr,
specimen of male urine after hydrolysis, gave recoveries
of 61%, S.D., 8.5. Alteration of the procedure so as
to buffer the sodium hydroxide shaking to a pH of only
10.5 gave in seven determinations 62%, S.D. 6.%7. Since
these losses were not encountered in recovery experi=-
ments from pure solution (see p.20,), it appeared that
urinery residues were in some way causing a loss,
either real or apparent, of oestradiol-1l7ge.

The chromatogrem cuts were taken to dryness in
vacuo and transferred to Kober tubes with aldehyde-
free ethanol, and 50 mg. of hydroquinone were added
before removing the solvent by heating in a stream of
alr, This procedure had already been shown to causse no
gignificant loss of oestrogen (see Table 55, p. 174).
Experiments conducted in which oestradiol (25« g.) was
added to male urine residues immedietely before chroma-
tography, gave recoveries of 100, 96%; 88, 92%. It
therefore appeared that the major losses were occurring
during the earlier purification stages,

Brown (1952¢) markedly improved his recoveries
of oestrogen added to hydrolysed urine by the following
procedures, The ether extract of hydrolyesed urine

was/
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was:

a, Washed with concentrated NaQH/NaHCQ s buffer
pH 10.5 (1 x 1/5 vol.)s

b. Shaken with 1/20 vol. of 2N-NeOH;

¢. Shaken sagain with 8,5% NaHCOs (1/5 vol.), end the
combined washing discarded;

d. Washed with 8,5% NaHCOs (1 x 1/20 vol.):
e, Washed with water (1 x 1/40 vol,).

WWhen the author's procedure was altered as
above, in a series of twenty-one determinations with
oestradiol-17f (264 g.) added to 1/5 aliquots of 24 nr,
male urine specimens after hydrolysis, recoveries of
71%, S.D., 13.5 were obtained., The improvement in
yield is significent (P& 0.01). As has been noted
above, with alkalization before the pH 10,5 wash, no
improvement in the yleld resulted, It therefore
appeared that some urinary contaminant, largely re=-
movable from ether by washing with buffer of pH 10.5,
could cause destruction of oestradiol-178 when the
ether extract was sheken with N-NaOH., It is cone
sidered possible that a semi-quinoid system was acting
as a potential medistor in the oxidation of oestradiol.
Such phenomena are well known (cf, Waters, 194¢).
Suggestive evidence that such was actually occurring

is given in Table 56.

Table /
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Teble 56. Apparent destruction of oestradiol-1l78 when
hydroquinone was added before the elkall=-
zation step,

Expt, OQestradiol extracted HQ added Recovery
Trom (o mg,)
1 Hydrolysed urine Before 29%
alkaligzation
Hydrolysed urine After alke- 2%
lization
2 500 ml. Ha0, 75 ml, Before alka-  07;76)
30% (v/v) E,30, lizetion
After alka- 98 ;9L
lization

It was clear, however, that appreciable losses
were still occurring with the modified procedure. In
fact, when ﬁhe level of added oestradiol was dropped
to 10« g. per 1/5 eliquot of the 24 hr, output, in a
series of fifteen determinations, recoveries of only
51%, S,.D, 8.2 were obtained,

In order to find the point of loss, an
experiment was done in which oestradiol (10« g.) was
added to a 1/5 aliquot of a 24 hr, urine specimen at
different stages of the purification procedure. The

results are shown in Table 5%.

Table /
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Teble 5%7. Investigation of point of loss of oestra=-
EIol-IVS during extraction from nydrolysed

urine.

Expt. 104 g.06stradiol added Recovery (%)

1 To hydrolysed urine 59

2 Before distillation of 71
ether

3 Before benzene-water 79
partition

% Before chromatogram 111

Endogenous oestradiol in this specimen of
urine was not measured,so the recoveries were not
corrected for this, These results suggested that the
principal loss was occurring during the washing of the
benzene, This procedure in pure solution gave quanti-
tative recoveries,but en appreciesble loss occurred in
the presence of urinary residues as shown in Table 58.

Table 58, Loss of oestradiol-17f during alkalization
of the benzene solution (1O ge).

Expt. Treatment of Benzmne (50 ml,) Recovery
1 a, None 91%

b. Shaken With 2.5 ml. N-NQOH’
acidified with 2,5 ml, 18%
Hpz 804 , combined wash discarded;
washed with N-Nag CO’ (1 x5 mlo)’
H,0 (2 x 5 ml,) 68%

2 a, None 80%

b, Sheken with 3 ml, N-NaQH, 4 ml,
of 8,5% NaHCOs added and shaken,
combined wash discarded; washed
with 2 x 5 ml, H,0 66%

When/
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When the washes of the benzene were omitted,
recoveries of 85%, S.D, 5.8, were obtained in a series
of ten determinations of 10« g. of oestradiol-1l7p
added to 1/5 sliquots of 24 hr, specimens of male
urine after hydrolysis, This was a very significant
improvement (P &% 0,001). As noted on p. 139, the
purification of the weter-washed benzene was intro-
duced to minimize the residues to be applied to the
column., With the introduction of the 10.5 wash
and alkalization of the original ether extract, the
necessity for this step largely disappeared, The
chromatograms of mele urine residues with no further
washing of the benzene after removel of the oestriol,
show after complete elution of the oestradiol-1l7f
e brown zone (l-1,5 cm,) on top of the column and &

yellow band (le2 mm,) 1=-2 em, below.

2, Oestrone.
Recovery experiments with oestrone gave
results qualitatively similar to those obteined

with oestradiol-17g, These sre summarized in

Table 59.
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Table 52. Summary of recoveries of oestrone added
to 1/5 aliquots, 24 hr, specimens of male
urine, after hydrolysis,

n., Method Level Hecovqu t P
ﬂj- Haan cD.
40 Alkalization of ether
without prior 10,5 wash 25 73 €8.5
4,2 < 0.001
20 Alkalizatlion of ether
after 10.5 wash 25 82 (7.4
14 Alkelization of ether
after 10,5 wash 10 79 3,6
12 Alkallzation of ether 4,0 ¢ 0.001
after 10.5 wash; no
treatment of benzene 10 87 6,0

For basic method, see Fig. 26, p. 140.
n = number of determinations

Level = amount of oestrogen added to & 1/5 aliquot
of 24 hr, urine specimen, after hydrolysis,

t = difference between means /Standard error of
difference hetween means,
Burn- (1937) & Hill (1950).

P = probability

It will be seen that washing the initial ether
extracts with a buffer of pH 10.5 prior to the alkali-
zation, as suggested by Brown (1952c¢) and described
on p., 177, has significantly improved the yield of
oestrone. Still higher recoveries resulted from the
second modification to the procedure: the elimination
of the further treatment of the water-washed benzene

(which involved a second alkalization).

3s 7
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3. Qestriol
The basic method for the extraction and

purification of oestriocl is shown in Fig., 27, p.l4l.
This procedure gave recoveries of approximately 90%
of oestriol added to 1.5 N-H,80,, but further losses
were encountered on eéxtraction from hydrolysed urine,
In attempts to improve these recoveries, the following
three types of modification in the procedure for
weashing the initial ether extract were tried:
e. The combined ether extracts were: washed with

8.5% NaHCOs (1 x 35 ml.); shaken with 10 ml, of

2 N-NaOH, 30 ml, of 8,5% NalCOs were added, shaken,

end the combined wash (pH 10.5) discarded; washed

with 8,56% NaHCOs (1 x 35 ml,) and water (2 x 25 ml.).

b. The combined ether extracts were: washed with 8,5%
NaHCOs (1 x 35 ml.); shaken with 2 ml, of N-NaOH,
35 ml, of 8,5% NaHCOs were added, shaken, and the
combined wash (pH 8.5) discarded; washed with 8.5%
NaHCOs (1 x 35 ml.) end water (2 x 25 ml.).

¢. The combined ether extracts were: washed with 100
ml, of pH 10.5 buffer (13 ml, of 5 N-NaQH diluted
to 100 ml, with 8,5% NaHCOs); shaken with 25 ml,
of 2 N-NaOH, 100 ml, of 8,5% NeHCOs were added,
shaken, and the combined wash (pH 10.,0) discarded;
washed with 8.5% NaHCOs (1 x 25 ml,) and water

(1 x 12,5 ml,). (Brown, 1952¢).

A/
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A comparison between the recoveries of
oestriol from hydrolysed urine obtained with the basic
method and those found with these modifications is
given in Table €C. All urine samples were stored
during collection at room temperature without pre-
servative, except where noted, in which case the urine
was kept at -5°C, The symbols used are defined in
Teble 59,

Table 60, The recovery of oestriol from hydrolysed

urlne: eliect of modification in the pro=
cedures for the initlel etner extract,

Type Washing Procedure n Level Recover t
AL e Mean "

Ori- HCOs™ and HpaO only 8 25 70 12
ginal

e Alkel®, buffering 8 25 64 9.1
to 10.5; no prior
10,5 wash

b Alkel®, buffering 40 25 68  11.4
to 8,53 no prior
10,5 wash 2.4

¢ Alkel®, buffering 16 25 75 9.4
to 10,53 prior
10.5 wash 3.5

¢ Alksl", buffering 10 25 61  10.1
to 10,53 prior
10.56 wash (pre=-
served urine)

¢ Alkal®, buffering 14 10 76 6.7

to 10.5; prior
10.5 wash

It will be seen that of the various modifi-
cations tried, the only one which significantly

increased/
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increased the recoveries was Type ¢, in which the total
ether extract wes washed with buffer of pH 10,5 prior
to being shaken with strong alkali, Under these con-
ditions eimilar recoveries were obtained with 10«g.
added to 1/5 of the 24 hr, urine specimen, Evidently,
however, preserved urine conteins substences capsble
of destroying oestriol during the extraction procedure,
Mitchell (1953) has noted a similar effect with fresh
placentee, the demaging agent apparently diminishing
when the tissue was heated in eir, Preliminary
| experiments conducted to determine the point at which
the remaining losses are occurring suggest that ocestriol
is being partially destroyed on removal of the solvent
. from the chromatogrem fractions, which still remain
contaminated with non-specific chromogenic material.
It therefore appears thet further purification is re-
quired. In addition there seems to be a loss of
about 10% in the various extraction stages, as shown
by the recovery experiments from pure solution (see

p. 191, p.202),

Ve /
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\ B A DETAILED DESCRIPTION OF THE FINAL METHOD

WITH THE RESULTS OF HECOVERY EXrERIMENTS

A. Apparatus and Materisls,

Distillations were carried out in rounde-
bottomed flasks fitted with ground glass standard
teper (B.24) joints, Glass beads were used to prevent
bumping during the boiling of liquids. All glassware
except thet used for extraction wes cleaned as des-
eribed in Appendix II, p.l1l0; separating funnels end
conical flasks were rinsed with solvents and wasned
with water, Stopcocks were lubricated with water .
only.

All reagents were of analytical reagent purity
except where otherwise noted, Purificstion of
materials is desecribed in Appendix I, pp.l=-5. %The
urine used throughout thiles investigation was collected
from normal males,

B, Collection of Urire.

A1l urine excreted from the second sample on
the day of collection up to and including the first
specimen of the following morning was collected in a
W/qt. with a glass stopper. During this period the
urine wes stored at room temperature without pre-
servative, Determinations were carried out

immediately after the collection was completed.

:
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1, Notes., It is importsnt that the urine contalner
be given the routine cleaning procedure
(Appendix II, p., 10) since a profuse
growth of coliforms eand cocci was demone

gtrated when only water washing wae used,

C. Hydrolysis of Urine.

The urine wes diluted tc 2500 ml, with dis-
tilled water and duplicete 500 ml, semples were added
to 1 litre fleske conteining 100 mg., ¢ 5 (calibrated
measure) of leamino-2-naphthol-4-sulphonic acid
(B.D.H, Leboratory Reagent Extra Pure), The solution
was brought to the boiling point by heating over a
flame and under zn efficient reflux condenser; %5 ml,
of hydrochloric acid (ca 36% w/w) were added through
the top of the condenser, The bolling wes continued
for 1 hr, and the flasks then cooled under running
water (ca 15°C.).

1, Nctes.
8, During the hydrolysis an oily liquid with a

pungent odour collecte on the upper part of the
condenser surfaces, This frequently turns brown
and is a potential source of contamination of
subsequent determinations, In order to avoid
this variable factor, it is important to rinse
the inside of the condenser with a stream of

water at the conclusion of the hydrolysis.

b./
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b, The dilution of the urine to a definite volume
was introduced by Stevenson end Marrisn (1847)
in order to standardize the concentration of
urinary solutes during hydrolysis, It also
facilitates the extraction of a fixed aliquot
of the 24 hr, output in that the same ceapecities
of glassware and standard volumes of extractants
may be used regardless of the volume of the 24 hr,
excretion, The use of & 1/5 aliguot allows the
determination to be carried out in duplicate even
when other enalyses ere to be carried cut on the

same urine,

¢, Preliminary boiling of the urine, prior to acidifi-

catlon, was introduced by Callow and co-workers
(1939 . This hses been followed here because it
not only facilitates accurate timing of the
hydrolysis, but also removes atmosapheric oxygen
from the solution before the acid is added,

d, As discussed on pp. 165-6, when the ether extract
is weshed only with bicarbonate and water, the
use of HC1l for hydrolysls results in the loss of
oestriol during the subssequent distillastion, The
earlier recovery experiments were therefore done
with 30% (v/v) H,804. With the wesh of pH 10.5,
which has been incorporated into the final pro-
cedure, losses do not occur on extraction from

1.5 N-HC1. 1In the final method, HCl is used as
Lthe s
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the hydrelytic egent becsuse there 1s considerably
less ermlsification during the ether extraction,
and the original ethsr extract and final oestriol
frections are less contaminated, than when H, S0,
is used for hydrolysis, Ven Bruggen (1648) noted
that H,S0, was less effective than an equivslent
emount of HC1l in the hydrolysis of oestrogen con=
Jugetes in urine, The present investigation hsse
demonstrated tihat tanere is legs charring and more
ether extractable impurities wnen 30% (v/v) Hy,S0,
is substituted for HC1.

The experimants carried out to check the recovery
of oestrogens in the extraction and purification
stages were dcne with urins which had been
hydrolysed in the presence of le-amino-2-nsphthol-
4-sulphonic acid (1/5000). The necessity for the
use of such & reducing agent was demonstrated by
Van Bruggen (1948), It was used in the recovery
ezperiments because urines hydrolysed in this

way showed definite wviolet ether extracts as com-
pered with yellow brown extracts when no reducing
agent was added, The charaecteristic coloration
passed 1Into the neutrel fraction and possibly was
due to indigoids, It may be thet reducing sagents
present during hydrolysis alter the oxidation-

reduction/
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reduction potentiel of certain ether-extractable
materials, Tor this reason the recovery experie
mente were conducted under the conditions probably
best suited for the hydrolyeis cf urinary oeatrogen

conjugates (cf, Xerrian and Bauld, 19¢61),

D, Initial Extractlion and Purificetion.

The cooled urine was extracted in a 1 litre

separating funnel with purified ether (see Appendix

I, p. 3), 1 x 180, 3 x 125 ml, The combined ether
extracts, including the cherred meterial collecting

et interfeces and on the glessware, were washed once
with 100 ml1., of pH 10.5 buffer, (13 ml, of 5 N-NaOH,
diluted to 100 ml, with 8,5% NalCOx). The charred
material lergely dissolved in the aqueous phase and the
remainder was discarded, The ether was then shaken
100 x with 25 ml, of 2 N-NaOH; this caused a brownish-
red coloration in most urines, A solution of 8,5¢
NaHCOz (100 ml,) was then edded, shaken, end the come
bined wash discerded, Washing with 8,5% NaHCOs (1 x
25 ml,) end water {1l x 12,5 ml,) was then carried out,
and the ether distillsd almost to dryness, the final
3=-5 ml, being removed in vacuo,

1, Notes,.

8, The necessity for removing the residusl traces

of ether at diminished pressure was never
satisfactorily demonstrated; it has been

retained/
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retained beceause it arpears to be good practice
in view of the lability of the oestrogens, No
benefit was found from drying the ether with
sodium sulphate or passing N; in during dis-
tillation,

b. The reasons for the modified washing procedure
(Brown, 1852c) have been discussed onop. 177, 181,18.L
The finel bicarbonate wash, which is always
colourless,is to lower the pH of the wet ether
before the water wash lowers the ionic strength,

¢. The degree of browning which occurs on shaking

with 2N-NaQOH varies widely from urine to urine,

2. Recovery of Qestriol at this Stage.

Quantitative extraction of oestriol from 500
ml, of water and 75 ml, of 30% (v/v) Hp,S0, with bi-
cerbonate and water weshing (see Fig., 28, p.l145) has
already been demonstrated (see p. 1lod). With the wash
et pH 10.5 one would expect appreciable losses since
the pK of oestriol is 9.1-9.4 (Butenandt and Vestphal,
1634), Brown (1952¢) demonstrated, however, that when
buffers of high ionic strength are used that the wash-

ing procedure noted sbove caused no loss,

Table /
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Table 61, Extraction of osstriol from 1,5 N-HCl (pH
10,5 weash and slkellizstion),

Expt. Tgagserogl Diso Dsizes Dses  CDpy4q, @Samplez Recovery

1 Stendard 0.217 0,374 0.043 0.244%

(8.6 ULZe)
0.216 0,372 0.048 0,240
Extract 0.260 0,380 0.084 0,218 80
(2/5 ali-
guot) Ue 800 0,039 0,060 0,214 89

In this experiment, 24¢g. of oestriol were added
to 5%5 ml, of 1.5 N-HCl, and a 2/5 eliquot of the
washed extraction residue taken for colour develop-

ment,

2 ‘Standerd Q0,086 0,550 0,08b - 0325 -
(12.748.) 388 0.570 0,106 - 0.523 .
Extract 0.263 0,308 0.124 0,114 0.286 88
(2/5 ali- 0.282 0,330 0.144 0.118 0,295 91
quot) 0.256 0,314 0.134 0,119 0.298 g2

0,214 0,275 02,106 0.115 0.288 89

In this experiment, 12,7« g. of oestriol were added to
575 ml, of 1,5 N-HC1l, and a 2/5 aliquot of the washed
extraction residue taken for colour development,

E. Seperetion of QOestriol from Oestrone-Qestradiol-17gE.

The distillation residue in the 1 litre flezk

was dissolved in 1,5 ml, of eldehyde~-free ethanol eand

transferred to a 50 ml., seperating fumnnel with 25 ml,
of purified benzene (see Appendix I, p.2). The
solution was washed with water (2 x 25, 2 x 12,5 ml,),
the 1 litre flssk being rinsed with each wash, and the
acueous phase drawn off into 250 ml. separating funnels

supported/
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supported on the lower shelf of the double rack (see
Appendix III, p. 14).
1. Notes

a, Because of the small volumes of solution at this
stage the stoppers were rinsed with benzene after
each extraction,

b, In view of the critical nature of the separation
of oestriol and oeatradiol, care was taken to
ensure that the solvents were kept at 15-18°C,

¢. The ethanol is required to facilitete solution
of the distillation residue,

d., In pure solution experiments, both phases were
clear during this separation but in the presence
of urinary residues the upper phase remained
cloudy. The alkalization of the ether extract
(see p.177 ) markedly diminished the tendency to
emulsification at the interface, Addition of
hexane to the benzene (1/1 or 1/4 Hexane-Benzene)
decreased the cloudiness of the upper layer but
allowed oestradiol to enter the aqueous phase;

(15%, 6% respectively).

2, Recovery at this Stagse.

Table/
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Table €62, Typicsl experiment showing removal of
ocestricl (2bgg.) from benzene,

2604 2606 2501 COZ‘!‘. Rﬂ-
OOVBI‘i z
Stendard 0.160 0,024 0 -
. 0.1€0 0.024 0 -
Extract 0.179 J.044 0.010 97
» 0.1%8 0.08% 0.017 o

Colour Reaction - Appendix II, pp. 7=8.

¥. Re-extraction and rurther rurifilcation of (Osatriol.

The acueous phase from tne benzens-water
pertition was shaken with 7.5 ml, of 10 K-Nadi, extracted
with ether (1 x 150 ml,); and taken to pHd 9.3-9.5 with
gaseous cerbon dloxide, The latter procedure was
carried out with & manifold, tc which was atteached
cepillery tubing leading to the bottom of the separ-
ating funnels (see fppencdix III, p.l4), the end one of
which contained 75 ml, of water, 7.5 ml. of 10 N-NaOH
end & few drops of thsmé%htnalein, thus acting as an
indicator, The pH of the extiractions was linally
checked (9,3-9,5) with hydrion paper (Johnscns, 8410)
and the aqueous pheses were extracted with ether (4 x

40 ml.). The combined ether solutions were washed

with weter (1 x 5 ml.) and distilled to dryness, the
residual fumes being blown in a stream of air at room
temperature, The residue was stored overnight at this

stage.

s
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1. Notes.

a. The reasons for these procedures are given on pp.
101=-5. With the use of the pH 10.5 wash and
alkalization in the first ether extraction,there
is much less browning when the alkali 1s added
to the aqueous phese, than in the original pro-
cedure, The step 1s retained, however, since it
is necessary for the extraction of impurities
from pH 13.5-14.0.

b, Since a considerable amount of chromogenic im-
purities arose when certain batches of ethylene
dichloride contacted N-NaOH, ether was sub-
stituted, The pertition coefficient for the
nitrogenous impurities of this frection of urine
is not as favourable as for the halogenated hydro=-
carbon, but this was overcome with the minimum of
effort by a single extraction with a lerge volume;
such a procedure was feasible in view of the ease

with which ether may be recovered.

2, Recovery of oestriol from steps E end F,.

Table €63, Typical experiment showing recovery of
oestriol (2o« g.) Irom benzene-water pare
tition, alkalizatlion, washing with ether,
and re-extraction from pH 9.0.

Daoa Doos Dooz .g.g.%ﬁf_"
Standard 0,160 0.024 0
" 0.165 0.026 0
Extract 0.1%70 0,050 0,008 Qv
" 0.173 0.043 0,008 100

G. /



Table 64. Recover f ocstrone and cestradiol-l
from 500 ml. of water and 75 ml, of BQ{

(v/v)
Fig,
Oestradiocl-178 !2§é(g=! DG Dv DY Dcorr Recoverys:
Standard (25« g.) .186 .022 ,001 ,189 -
" - «192 L02h L0001 L195 -
Extract «196 .32 ,L,003 .195 101

.189 .03, .003 .187 98
204 L4038 .005 .201 10L
e200 LO3L LO004, L,197 102

Qestradiol-178 (50« g.)

Standard (25 « ge) «206 L035 L002 .206 -
» «216 <037 004 o214 -

Extract (% aliquot) e22)4 J0L2 L007 .219 104

0206 4035 L005 4204 97
.218 .039 .005 .215 102

Oestrone 2'¢<

Stendard (25 (g.) e2L7 «037 002 24,9 -
" 260 L0035 0 24,3 -
Extract 2,8 .058 .,008 .24L0 98

e2,0 ,051 .008 233 25
¢252 L062 ,012 ,24,0 98
24,7 JOL8 007 242 99

Oestrone (50« go)

Standard (25« g.) 2,2 L,038 . 0 .2L5 -
021).2 0038 0002 0214»3 -
Extract (} aliquot) «23L 035 +003 4235 97

246 JOL1 004, 2.5 100
«239 L,039 ,L,00L .238 98
24,0 LOLO 004, 339 98

Colour reaction Appendix TI, p. 7.
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G. Removal of Benzene from Qestrone-Qestradiol.

The water-washed benzene was transferred to a
250 ml, round-bottomed flask and sucked to dryness by
& water pump on warming in a boiling water bath, a
glese bead being used to facilitate removal of the
solvent, The residues were stored overnight at this

Btagﬂo

1. Recoverz.

Elimination of the washing of the benzene (see
Fig., 26, p.140) was done only at a late stage of the
investigastion (see p.177), so that the recoveries from
pure solution by the earlier procedures are of ime-

portance end ere shown in Table 64 on the facing page.

H, Psrtition Chromatography of QOestriol.

Equal volumes of purified ethylene dichloride
and 70¢ methanol, maintained at 25°C., in the thermo-
statically controlled bath (Appendix III, p. 13), were
shaken together and eallowed to stand until clear,
Separated 704 methanol (upper, stationary) phase and
dry Celite (5 ml./5 g.) were shaken together in a
closed container for 5 min, (see p.118), until the
liquid was uniformly dispersed throughout the solid.
Excess ethylene dichloride (lower, mobile) phase wes
mixed with the dampened Celite to make a uniform
slurry, end the column packed to a height of 10 em,.,
as described in Appendix II, pp.ll=-12, The holes in

the/
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homogenlizing dise (Appendix III, r.13) were 8,%W,.G,22,
Sufficient pressure was epplisd during packing to give
& percolation rate (Rp) of 10-18 ml,/ar, as the mchile
phase flowed through the column by gravity,

The distillatlion resicue frowm para, F., was
tranzferred with rmobile phase (3 x 1 ml,) to the packed
colurn, supported by & clothes pin in the air enclosure
of the water bath (4ppendix III, p.13). These washes
were delivered by a drepping pipette to ths walle of
the column imrediately above tns sarface of the
chromatogram, whlch was allowed to dry momentarily,
each separete portion heing allcowed to enter the column
before the next was applied. When the third wesh dis-
appeared below the surfece of the chrometograr, mobile
phase (erough to give & head of 1-2 em,) wes added
down the walls of the colurn, 2 separsting funrel cone
taining 40 ml, of mobile phase connected (Appendix III,
p. 13), and the completes chromatogram unit supperted
inside the alr enclosure by the =soft zinec collar
affixed to the top of the ssperating funnel, Collection
of the eluaté was then begun.

Routinely the first 8 ml, were discarded and
fractions collscted ss follows: 8-10,10-30,and 30-40 ml,
The residueas from the first and third cuts were taken
through the colour reecticn to prove the absence of
oestriol., The middle fraction was taken to dryness
with/
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with 2«3 mg, of hydromuirone in the nitrogen puffer
(Appendix IIX, p, 14) aad 'Kobered' sither directly or
efter a suiteble allquct was tsken,

1, Notes,

a, The Cslite, after purificetion (Appendix I, p.2),
should not be dried at 110°C. for more than 48 hr,
It may be stored in tigshtly stoppered containers,

b, Uaiform Rp was obtained by the above procedure
provided tue alr bubble wae removed from the
capillary inlet €o the column,

c. Colorimetric estimatione of the frasetions from
8«10 ml, and 30-40 rl, provide s convenient method
of checking the operation of the chremetogram. As
experience was golned in the packirg of the
columnes, these fractions were slmost invariably
oeatrogen-free, Latterly,therefore, determinetions
of thaese fractions have only been done as a qontrol
procedure at weekly intervals. Recently a column
was used with a very elight nerrowing of the bore
in the middle porticn; this impeded free movement
of the pecking dise in thia region snd made the
preparation of the columm more difficult, It was
soon found thet this chromatogram allowed traces
of ocestriol into the first and third cuts,

d, The remsinder of the 704 metnenocl phase wes not used
for the re-equilibretion of a second volume of

ethylene dichloride,
2.7
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2., LKecovery at this stage.

In e seriez of 1l exveriments 1un whlen 190 4g.
of oestriol were applied tc the column, recoveries
of 95%, s8.D.2, were obtained.l In all lnateness a small
emount of material, giving a typical colour in the Kober
reaction, esppeared in the first £ mi, of eluste, This
amounted to 2,0-2,5% of the oestriol applied and is
poesibly due to contamination of tne Parke-Davis
oeatriol used in this investigation,

I, Separetion and yurilfication of Oestrone snd
Oestraciol-17F by Partition Caromaiography,

Equal volumes of 0,78-0,8z2 W-NaJh and purified
benzene were shaken together at 65°%, $ 2 arni ellowed
to stand until clear, Sepereted NaGL (lower,
stationary) phese &nd dry Celite (& mi./iu g£.) were
stirred together in a bLeaker fer § min,, until the
liquid wes uniformly dispersed througinout the solid,
Excees benzene (upper, mobile) phese was mixed with
the dempened Celite to make & uniform slurry, end the
column pecked to a height of 12 e¢m.,, as described in
Appendix II, pp.ll=12, The holes in the homogenizing
disc were S,W.G,16, Sufficient pressure was applied
during pecking to give & percoletion rate (Rp) of
10-12 ml./hr, as tane mobile phase flowed through the
column by grevity., The temperature of thne room was
controlled to 65%F. & 2,

The distillation residue from Pera.G. was

transferred/
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transferred with mobile phase (3 x 1 ml,) to the

packed column., These wasshes were delivered by &
dropping pipette to the walls of the column immediately
above the surface of the chromatogram which was allowed
to dry temporarily, each separate portion being allowed
to enter the column before the next was applied, When
the third wesh disappeared below the surface of the
chrometogram, mobile phase (enough to give an Rp of
10-12 ml./hr,) was added down the walls of the columm,
& seperating funnel containing 45 ml, of mobile phase
connected (Appendix III, p.13), and collection of the
eluate begun,

Routinely, the first 8 ml, were discarded and
fractions collected as follows: 8«10 ml.,, 10-30 ml.,
end 30«40 ml,, ell in Kober tubes, The mobile phase
remaining on the top of the column was poured off, and
replaced by unequilibrated ethyleme dichloride-bsnzene
(3/1 v/v). The next 40 ml, (i.e. 40-80 ml,) were
collected in a 250 ml. round-bottomed flask, and finally
80-90 ml, in a Kober tube, The residues from fractions
8«10 ml,, 30-40 ml,, end 80-90 ml, were taken through
the colour reaction to prove the absence of oestrone
from the first two, and of oestradiol from the third,
The 10-30 ml, cut containing ocestrone, was taken to
dryness with 3«5 mg. of hydrogquinone in the nitrogen
puffer (Appendix III, p.,14), and 'Kobered' either

directly or after a suitable eliquot was taken, A

stream/
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stream of carbon dioxide was passed into the 40-80 ml,

cut for 1-2 min, and the solvent sucked to dryness

under diminished pressure by warming in a water bath,

The residue wes transferred to a Kober tube with

aldehyde-free ethanol either in toto or after a sultable

aliquoet was taken, Hydroquincone (3«5 mg.) was added

and the ethanol removed in the nitrogen puffer

(Appendix IIX, p.l4).

1, Notes,

a,

C.

The NaOH phase wes not used agein for equilibration

of a second batch of benzene. It was convenient
to standardize enough alkali to last a week
(ordinarily 1 1.).

It 1s important that the slurry be flocculent
since irregular elution patterns result from the
use of a granular slurry (ef. p.134). This
neceessitates rigid precautions to keep the Celite
drys 1in prectice this was met by storing it at
110°C. and cooling in a vacuum desiccator over
P05 immediately before use, As already noted,
prolonged heating is not desirable for the Celite
used for the cestriol chromatogram,

There is & tendency for the eluaste to creep up
the outside of the column at the bottom; this is
overcome by rinsing with benzene as the fractions

are changed,
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d. The lsarger oestrecicl cut iz treeted with CO»
to neutralize any elksli removed from the column
oy tihe mobile phase,

2. kecovery at this stage,.

kecoveries of 9%, 100, %9, 100, 84% were found
when 150 ug. of oeetrone were added to the chromato-
gram ana 93, 102, 99, 9¢% in a similer series for

oestradiol-178.

Je Colour Fesction.

The colcur resction used was the modifisd
hydroguinone resction {(miecro-metind), the tecianique
of which is described in Appeondix II, p.i0, As
pointed out on p.1l71 , the intenszity of the colour
produced was meassured in the Unicem Spectrophotoueter
8P-600 (band width 3 m u) el three frequencies, via,,

For cestrone and oestrlol - 480, 512.5, 540 na.

For cestradiol-17¢ - 480, 515, 550 mu.
The non-pink ecomponent of tne colour wae eliminated by
the use of the correctlon formula cf Allen (1€530),
alresdy described on . 171,

K. Recovery of Qestrogens [{rom Agueous Acld Through
the Complete hxtrecticn Frocequre.

1, Oestriol,
The recovery of oestricl (1804« g., 25« g.),
edded to 500 ml, of water end 75 ml, of 30% (v/v)
Hp, 80, and taken through the extraction procedure
described/
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described above, is shown in Table 65,

Teble 65, HRecovery of oestriol from aqueous acid,

Qestriol Aliquot Deos Dsoe Dsoa D
added -corr.,
AL 8o
150 1/6 0.338 0,100 0,019 0.324
0.315 0.070 0 0,322

Standard(254g.) 0,350 0,084 0.002 0,355
" 0.343 0,080 0.001 0,352

Colour reaction - Appendix II, pp.8=-9.
Colour correction - p.62.

25 2/5 0,313 0.409 0,097 0.204
0.443 0.515 0.158 0,214
0.349 0.447 0.132 0.206

Stendard(10«g.) 0.234 0,380 0.051 0,237
0,234 0,382 0,051 0.239

Colour reaction - Appendix II, p.1l0.
Colour corrsction - p,1l71.,

2, Qestrone.

The recovery of oestrone (150 4g., 254 g.),
added to 500 ml, of water and 75 ml, of 30% (v/v) HpSO,
and taken through the extraction and purification pro-
cedure shown in Fig. 28, p. 145 and Filg,., 26, p.140, 1=
shown in Table 66, The method is as described above
but also includes the original waeshing of the water=-

washed benzene.

Table/

% Recovery

92
21

86
80
87
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Table 56, Recovery of oestrone f{rom aqueous acid,

geszrono sliquot Dgoz Dsoa Dsos Deorr., ¢ Recovery
AL Geo
150 1/6 0,47C 0,118 0,014 0.456 06
0.440 0.104 0.019 0,432 o1
0.470 0.107 0.009 0,463 97
0.465 0,105 0,012 0.456 26
Stendard
(254 g.) 0.480 0,100 0.006 0.478 -
25 1/1 0,490 0,146 0.031 0,456 98
0,485 0,142 0,026 (0.4686 98
0.470 0.128 0,021 0.44%7 9%
0.485 0.132 0,025 0,459 09
Standard
(25.48.) 0,468 0,105 0.009 0,462 -

Colour reection « Appendix II, pp.8«8.

Colour correction - p.62,

3., Qestradiol-178.
The recovery of oestradiol-178 (150«4g., 25

4 8.), added to 500 ml, of water and 75 ml, of 30%
(v/v) H.80, end taken througn the complete extraction
and purification procedure shown in Fig, 28, p.145
and Fig, 26, p.140, is shown in Table 67.

Table/
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Table 67, Recovery of oestradiol-178 from aqueous acid,

geagradio; Aliguot 2604 2601 Ekos gcorr. 2 Recovery
AL B
150 1/6 0.380 0,078 0.010 0.380 94
0.385 0.084 0.015 0.380 94
0,395 0,085 0.015 0.390 on

Colour reaction - Appendix II, pp.8-9.

Colour correction - p.62.

Daso Dsis Dsas Qcorr.
25 2/5 0.227 0,400 0.066 0.253 96
0.250 0,408 0.076 0.245 93
Standard 0.215 0,408 0,054 0.273 -

Colour reaction -« Appendix II, p.l1l0.

Colour correction - p.171.

L. Recovery of Qestrogens added to Hydrolysed Urine

The results obtained when 104g. of the three
oestrogens were added to 1/5 aliquots of urine
(hydrolysed as in Para, C) and taken through the
procedures described in Para. D-J are shown in Table
68, The yields obtained with higher levels have

been given in the previous part on sources of error,

Table /
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Table &8, Recovery of oestrogen (l0«g.) on ex-
{raction and purification Irom nyarolysed
wine (1/5 aiiquote, 2% hr, specimens),

mue  fgebgmer ey
Qestriol 14 76 6.7
Qestrone 16 88 5.4
Oestradiol 10 85 5.8

Me A Critical Appralsal of the Iinal lNethod,

The investligations reported in this thesis
were undertaken as & preliminary to a study of oestro-
gen metabolism in cardio-vascular disease, It was
necessary that the final method be capable of separ-~
ating oestriol, oestrone and oestradlol-l7p end of
estimating these oestrogens at the level of 100-4004g./
day, the expected urinary excretion following adminis-
tration of 1-2 mg, of <Nl oestradiol (Clayton,
1549), It was desirable that the method be capable
of measuring the excretion of endogenous cestrogen by
normal males, The final method may be assessed in terms
of these two objectives by the standards proposed by
Borth (1952),
1, Reliabllity.

a, Sansitivity.

Table 69 lists the details of a typlcal experi-
ment in which the recovery of 104g. of oestriol,

oestrone and oestradiol-l7pg, added to two 1/5 alilquotis

of/



Teble 69. Details of recovery of oe

hydrolysed urine.

Oestriol
Standard
10. 1‘4{80

Urine +
1061 U Be
oestriol

Urine

Oestrone
Standard

Urine +
10.5/(3.
oestrone

Urine

Oestradiol-17pB

Standard
(9- 7ﬂ Ee )
Urine +

e THhEe
Oestradiol

Urine

rogens from

Deeo Dsaz+s Dsas Dyopp /0 RECOVETY
0268 04406 0.089 0,227 -
0.954 0.927 0.518 0.191 66
1.102 1.035 0,580 0,194 67
0.863 0.732 0.488 0,056
0e¢324 0,531 0.11h 0,312 -
0.659 0,828 0,329 0.33L 93
06694 0.84,0 0.356 0.315 88
0.509 O0.465 0,317 0.052 (9 ug/day)
0.435 0.408 0.370 0.055

Deso Dsis Dsso Dygpp
04222 0,384 0.064 0.241 -
0,230 0.398 0,076 0.24.5 -
0782 0850 O0.444 0.236 9l
0.804 04850 0.4L0 0.238 91
0,676 04563 0.434 o.ooa(g;cg/day)
0770 0.6L0 0.490 0,010
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of hydrolysed urine, was measured, wilith a simul taneous
analysis of the endogenous excretlon of the same
specimen, At the wavelength corresponding to maximum
absorption of pink, the ratio of the optical density
of non-specific urinary chromogens to that of oestrogen
(LOuse) 1s ca 1.9, 0,7, 1.5 for oestriol, oestrone and
oestradiol respectively, While Allen (1950) did not
limit the accuracy of his equation in this way, one
does not feel jJjustified in utilizing a colour
correction when ratlios greater than those quoted
obtain, It is felt then that in thls particular
urine, relliasble estlmations could not be obtained when
the oestrogen level was below 50 4Lg, per 24 hr, specl-
men, The flgures quoted for the endogenous levels
should therefore be regarded as approximations, Thus
in so far as senslitivity 1s concerned, the original
objective (100~-400u g./day) has been met, but the
secondary objective (endogenous excretion of normal
males) has not,

It is worth noting that a good portion of the
extraneous colour results from solvent resldues, acting
either directly or through oxidation of the hydroquinone
added as a protective agent during removal of the sol-
vent, This may be seen for example in Table 65, p.202,
in which the background colour in the pure solution
experiment corresponded to an optical density at

512.,5 m 4 of 0,335 (2.5 x aliquot). The sensitivity

of/
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of the method can thus be increased hy more rigorous
solvent purification, In addition the oestriol
fraction still remains contaminated with trace amounts
of urine residues; further purlfication stages are
being tried,
be. Specificity.

Similar considerations apply to the specificity.
Unquestionably separation from the major urinary con-
taminants has been obtained, but the final specificlty
of the method still depends to a large extent on the
colour reaction in urines of low oestrogen titre,

Ce Accurecy.

This factor, which signifles the closeness with
which measurement approaches its true value, 1s appar-
ent from the S.D. quoted in Table 63, p.205, It ls
satisfactory for oestrons eand cestradlol-l7g, and
approaches the thsoretical for cestriol (ef. Table 69,
P.206 and Table 65, p. 202).

d. Precision.

The preclsion or reproducibility of measurements
by the method is somewhat better than indicated by the
standard deviations quoted in Table 68, The spread in
these is at least in part due to variations in urines.
The duplicates found in the last five ocestrone rscovery
experiments were: 79, 803 95, 903 93, 983 91, 83%,
2e /
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2. Practlecability,

a, Speed.
Four determinations can be carried out in

9-10 man hours, but for convenience the author has so
arranged the method that extraction, chromatography,
and colour development are done on separate days, with
four analyses beling begun on each of the first four
days of the week, If necessary an gnalysis could be
completed within 24 hours,

be. BExpenditure,

A high resolving spectrophotometer is the only
expensive apparatus needed for the method, lNMaterials
reguired include only the cormmon laboratory reagents,

ce Skill.

It is felt that a technlieclan, with a basic
training in laboratory work, could become thoroughly
compatent in the method with 2.3 weeks further in-
struction, There 1s, however, a definite requirement
for close supervision and 'quallty control! by a
research worker thoroughly familier with all the

sources of error in the method,
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APPENDIX I

PURIFICATION OF VATERIALS

The fractionating columns used for purlification of
solvents were 2 ft, long, la zred wlth astestos rope,
and filled with Raschig rings. They were usually
used with a cold tap condenser, plving a reflux ratio
of at least 30/1, |
Acetone - Technical grade acetone was refluxed for 4 hr,
with KinO, (15 g./1.) and either anhydrous K,CO5 (100
ge/1.) or KOH (5 g./1.), (depending upon whether it was
necessary to have the solvent anhydrous) and fraction-
ally distilled twice, The redistillation was required
since traces of 1I'n04~ were carried over, Even with
this purification, residues were left in flasks after
drying which interfered with the phenol sulphonic acid
colour reaction,

Alumina - The 'acid washed' varlety was obtained by
shaking 50 ml, A,R, HCl with a suspension of 200 g, of
Al,05 (Savory and Voore, or Peter Spence) in 500 ml, of
HeO for 15 min,, and washing with Hy0 (12 x 500 ml,) by
#tirring and flltration until the filtrate attalned
maximum pH (Cambridge meter), usually 4,4 - 4,5,
Sufficient 'eOH soluble material was present to cause
an appreclable background colour in the Kober reaction,

so the washed Alz0Ojz; was refluxed 2x for 10 nmin, wilth



with 250 ml, cf purified lNeOH, The material was then
hesated at 100°C, under reduced pressure (water pump)
untll the evolution of gas had ceased, To attain
Activity I (Brockmann) 2 hr, at 300°C, under reduced
pressure (oil pump) were required,

When the pretreatment with acid was not required,
the Al,0; was wasned with water until the supernatant
ﬂropped to pH 8 and glven the treatment with Ve0OH, ete,
ag described above,

?enzene - A,R, reagent was refluxed for 1/2 hr, with A,R,
HpS0, (54 ml./1l.), and washed with water (1 x 1/10 vol,)
and WaOH (3 x 1/10 vol,), the third alkaline wash being
left in contact for 1 hr, The benzene was then washed
with distilled water (1/10 vol,), ensuring that the first
wash was alkaline, the last neutral; partially dried
with NapSO,, and distilled,

;Butanol - Technical crade reagent was refluxed for 19 hrn,
with Ya0H (15 g./1.) and distilled,

Cellte 535 - The technical grade was partlally calcined |

at 400°C, for 4 hr,, and then allowed to stand overnight
in A,R. HC1, The yellow supernatant was poured off and
addlitional acid added until the aqueous layer was slmost
colourless, The so0lid was then washed with distilled
Hz0 by stirring, decantation and filtration until the

washings were free of Cl1= (AgNOg test) and of Fe*++



(NH SCN test), and the Celite did not change the pH of
dlstilled water (Cambridge meter), The solid was then
spread in a thin layer 1n evaporating dlishes, dried at
110°C, for 48 hr,, and stored in glass stoppered tottles,
For benzene-agueous alkall chromatograms, it was
necessary to keep the Cellte in a desiccator over Py0j.
Sthanol - Zthanol was refluxed for 16 - 24 hr, with Zn
Eust (25 go/1.) and NaOH (100 g./1.), and fractionally
distilled, 1Initially 'rerectified spirit! was used
but heating with certaln batches caused 15 - 207
destructlion of oestriol, This may possibly be due to
#hiophena introduced into the reagent during azeotropic
distillatlion with benzens, Present indications are
that 'abasolute spirit! which is purified during manu-
facture by slmple distlllation does not contain the
daraglng agent, To obtaln aldehyde~free reagent,
ethanol, purified as above, was allowed to stand over
m=-phenylene diamine for 1 wk, and doubly distilled
prior to use, It was found that samples. which did
not turn yellow on heating 0.2 ml, for 5 min, with the
pestrlol reagent, gave low blanks with the dinitro
phenyl hydrazine test of Gornall and !'acDonald (1953),
The former test has been adopted,

Ether - A,R, ether was purlfiled by shaking 2 1, for 6

min, with 16 g, of A N0z in 120 ml, of Hg0 and 200 ml,



Le

of N-NaOH, washing with H,0 (1/10 vol.) to neutrality,
and distilling. Originally a 4 ft. fractionating
column was used, but unless the glass rings were

cleaned daily they increased the formation of substances
interfering with the Eober reaction. The distillate
was collected in amber W/qt., and used within 3 days.
Ethyl Acetate

Type I - B.P. reagent was dried by standing over
anhydrous CaCly (B.P.) for 24 hr., thereby removing
both water and EtOH The solvent was poured off and
fractionally distilled twice.

Type II - B.P. reagent was washed with 5% NagCOy (1 x 1
vol.), with a saturated solution of CaCly (3 x 1/4 vol.),
and with HoO0 (3 x 1/4 voles)s The solvent was dried
over anhydrous K,CO; (12 hr.), and fractionally distilled
twice.

Ethylene dichloride - B.P. reagent was washed with
N-NaOH (3 x 1/5 vol.) and H;0 (1/5 vol. to neutrality),
dried over CaCl,, and distilled through a 2 ft.
fractionating column into an amber bottle. This
procedure was very effective in the early part of this
investigation when material manufactured by I.C.I. was
used. B.D.H. Laboratory Reagent Grade when purified
in this way leaves & residue on distillation. This

materiasl was washed with H,s0, (3 x 1/50 vol.), HyO
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(1 x 1/25 vol.), N-NaOH (1/15 vol. until basic), 10% HSOs"
(1 x 1/15 vol.), 8.5% NaHCOg (1 x 1/15 vol.), and HyO

(to neutrality)s It was partially dried over
‘anhydrous Nap; 850, and distilled, the second distillation
being within 24 hr. of use.

Methenol - B.P. reagent was refluxed for 15 - 20 hr.
with 5% Zn dust and 10 NaOH, and doubly distilled.
MeOH purified in this way gave lower blanks in the
DNPH test of Gornell and MacDonald (1953) than when
purified by Mg and Ig. Samples purified with furfural
were contaminated with this substance even after 6
distillations. The water content was determined by

the method of Rising end Hicks (1926).
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APPENDIX IT
METHODS IN GENERAL USE

A, Colour Reactions

1, Colour reaction using phenol sulphonic acid reagent

a. Preparation of reasgent - Analar Hg30, (60 ml,) was

added dropwise from a burette to 40 g, of redistilled
phencl in a conical flask, with continuous shaking ,
and at a rate insufficlient to cause heating, The
reagent was allowed to stand for 24 hr, at room temp-
erature in a glass stoppered flask before use, and
was diacapdad at the end of the third day.

b. Procedure - To the dry resldue of ocestrogen in a
'Kober tube' (see Appendix III, p.l15 ) were added
(from a bulb pipette with the tip removed) 3 ml, of
reagent, warmed to 37°C, for ease of pipetting. The
tube was fitted with a top and immersed in @ boiling
water bath for exactly 20 min,, shaking vigorously
twice in the first 10 min, The tube was then irmersed
in an ice-salt mixture for at least 5 min, Water

(3 ml,) was added to the tube, stirring with a glass
rod with flattened end, and the tube was transferred
to a bolling water bath for exactly 3 min,, stirring
15 sec, of every min, The tube was cooled for 9 min,
in an lce-salt mixture and allowed to stand at room
temperature for 1 min, H,S0, (10% v/v) was added to
a final volume of 15 ml, and the solution was

thoroughly/
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thoroughly stirred, The intensity of the colour with
the 604 filter (Ilford) was read on a Spekker color-
imeter within 30 nin, All tre heating procedures
were carried out in a darkened part of the laboratory.

2. lModified phenol sulphonic acid colour reaction

All steps were carrled out as above except for
substitution of 2 ml, for 3 ml, of H,0 as the second
stage diluent and increasing the heatlng time from
3 to 5 min,

3. The hydroquinone aquecus sulvhuric acid eolour

reaction

a. Preparation of reagents - Solutions of hydroqguinone

(2% w/v) were prepared in 767, 66% and 60% H.S0, (v/v)
for the oestriol, oestrone and oestradiol-l7f reagents

respectively,

be Procedure for colour reaction = The appropriate

reagent (4 ml,) was added to the dry residues of
oestrogens in Pyrex test tubes (20 mm, x 150 rm,) and
heated for 20 min, in a metal rack immersed in a bolle
ing water bath, shaking once during the 4th = 5th min,
The rack was then removed and cooled in cold water,

1l ml, of water was added to the oestriol tubes, 0,5 ml,
of water to the cestrone tubes and the oestradiol

tubes were not diluted, The contents were mixed
thoroughly by shakling, heated in a boiling water bath
for 5 min,, then placed in cold water to cool,

HpS0, (30% v+v) was added to the tubes to a total

volume/
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volume of 15 ml,, and the contents mixed by a footed
stirring rod, The optical densities of the test
golutions were read after 5 min, in a Spekker color
Imeter with the 604 filter.
The colour reaction for oestriol was stabilized

where shown in the text by the addition of 0,1 ml,
EtOH or m-cresol to sach 4 ml, of reagent immediately

before use,.

4, lodifled hydroquinone-—aqueous sulphuriec acld colour

reaction

a, Preparation of reagents -

1. Oestradiol reagent = Quinone (20 mg., redistilled)

was heated with 1 1, of 60% (v/v) HgSO, (Hopkins and
Williems or B,D,H.), containing 10 mg, NaNOz; (A.R.),
until the solution became pale green and slightly
cloudy, Hydroquinone (20 g. B,D,H. Laboratory Reagent)
was added and dissolved by shaking and heating on a
boiling water bath, The solution lightened in colour
and became more opalescent, With certain batches of
B,D,H, Hp30,, traces of brown oxides of N, appeared,
These were removed along with the opalescence by
filtration through Por, 4 sinter glass, Occasionally
the reagent crystellized out, requiring reheating,

The flinal solution was & definite pink colour and
non-opalescent,

11. Qestrone reagsent - This was prepared in the same

manner as the oestradiol reagent and contained 20 g.

of/
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of hydroquinone, 20 mg, quincne and 10 mg, NalNOz; in
11, of 66% (v/v) HaS04e The finai solution was
yellow with & trace of pink,

1131, Oestriol reagent = This waa prepared in the same

manner as the oestradiol reagent and contalned 20 3.
of hydroquinone, 20 mg, of quinone and 10 mg, NaNOz; in
11, of 76% (v/v) H,80,., Less cloudiness appearcd
during its preparation and the final solution was
yellow with no trace of pink,

b. Procedure for colour reaction = To a dry residue of

oestrogen and 100 mg, - 5 (calibrated measure) of
hydroquinone, the appropriate reagent, in volume vary-
ing with the particular oaatr;gan (5.8 ml, for oestriol,
6.5 ml, for oestradiol, 6.8 ml, for cestrone), was
added, The tube, with top in place, was heated in a
boiling water bath for 20 min,, shaking twlee during
this period to ensure solution of the hydroquinone,
The tube was then immersed in a bath of cold water

(ca 15°C.), 100 mg, Z 5 hydroquinone added and diluted
as follows: 1,7 ml, H;0 for oestriol, 1,0 ml, reagent
for oestradliol, 0,7 ml, H,0 for oestrone, The
solution was mixed by lateral shaking (8-10x) and
reheated for 15 min,, with top in place, shaking

twice during this period to ensure solution of the
hydroquinone,

5. Vodified/
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5, l'odified hydrogquinone-aqueons sulphuric acid colour

reaction (micro method).

a, Preparation of reacents - asg for previous section

be Procedurs for colour reaction - To a dry residue

of oestrogen and 8C mg, i3 (calibrated measure) of
hydroquinone in a fober tube was added the appropriate
reagent in volume varyiag with the particular ocestrogen
(2.6 ml, for oestriol and oestradilol, 3.0 ml, for
oestrone), The tube, with top in place, was heated

in a bath of bolling water for 20 min,, shaking twice
during this period to ensure solution of the hydro-
gquinone, The tube was then lmmnersed in a bath of

cold water (ca 156°C,), 50 mg, i3 hydroquinone added
and diluted as follows: 0,7 ml, of H;O0 for oestriol,
047 ml, of reagent for ocestradliol and 0,3 ml, of g0
for oestrone, The separate addltions of oestradiol
reagent were to wash the added hydroquinone to the
bottom of the tube, The solution was mixed by late?al
shaking (8-10x) and reheated for 15 min, with top in
place, shaking twice during this neriod to ensure
solution cf the hydroquinone,

B, Cleaning of olassware

Glassware was rinsed with tap water and allowed
to stand in chromlc acid for 12 - 24 hr, It was then
rinsed with water and ethanol, washed with a vigorous

stream of tap water for 2 - 3 min,, and finally rinsed

with/
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with distilled water,

Ce Standard solutions,

Oestrogens (5 mg.) were digsolved in 100 ml, of
aldehyda~free ethanol and stored at 4°C,

D, Staandardigation of Aluming

This was carrisd out according to the procedure
of Brockmnann and Schodder (1941),

™

B, Packlng of partition chromatograms

Equal volumes of sclvents, at the temperature at
which the chromatogram was to be run, wers shaken
together for 1 min, and ellowed to stand until clear,
The approprilate avount of saeparated statlonary vhase
was mixed with Celite (see text), An excess of the
mobile phase was then added to the dampened Celite;

a uniform slurry was obtained by thorough mixing and
added in srall portions (enough to give 1-2 cm, of
height of column) to an empty chromatogram ture,
supported with the open end below the surface of a few
rl, of mobile phase in a test tube, The homogenlzer
(see Appendix III, p. 13) was moved =rpidly up and down
below the surface of the solvent through the slurry
until particles of uniform slze were obtained, These
were then packed in srall segments (about 2 mm,) by a
slow firm movement of the plunger which trapped some of
the particles and compressed them into a pad, The

process/
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process was repeated until the reyuired height of the
column was obtained, With a little practlice the

correct degree of pressure was found to obtain a

percolation rate of 10 - 12 ml,/hour, Before use, thfa
Rp was measured by allowing 5 = 10 ml, of mobile :
phase to pass through the column, The top of the
chromatogram was always covered with mobile phase

except during the application of the solutes at
which time the surrace was allowed to go dry

momentarily.
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APPEUDIX TIII
DESGRIPTION OF SPRCIAL SOUIPKANT

A, The homogenigzer used for packling chromatograms,

based on ths suggestion of lNartin (1949), is shown in

:the accompanying illustration. It consists of a

brass disc, drilled with concentric holes, and fitted

'with a stirrup into which is screwed a stainless steel

rod, 2 ft, in length, The dlameter of holes for the
oestrone-oestradiol column packer is SWG 19, while that
for the oestriol column packer 1ls 3WG 22, Bragss has

bzen uged for the diac in order to facllitate the

' boring of the holes,

:B. The funnal and chromatogram tube for the ocestrone-

oestradiol chromatogram are also shown, They form an

Cair-tight system at the conneeting B 19 joint so that

| the solv:nt level in the tube rewmalns constant provided

alr locks in the capilllary inlet are avoided,

Ce 'The thermostatically controlled bath is fitted with
elght cylindrical chambers, open at both ends, and
sealed into the bath by soldered flange joints, The
water in the bath is maintalned at a constant level by

a device of conventional design, and 1s stirved by

slow strears of air passing through a number of holes

in/
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' in a glass tube lying on the bottom of the bath,

The water 1s heated by a 50-watt immerslon heater

controlled, via a Sunvic relay unit (¥102/4), by a
mercury-toluene regulator, The cylindrical funnels

are supportasd in the air chambers by soft zinec collars,

and the chromatogram tubes are secured to the funnels
‘at the interconnecting ground glass (B 19) joints by
springs., The larger funnel shown in the figure is

;usad for the equllibration of the solvent system,
It is supported in an air chamber in the inverted

'position by its tap.

| tubes i1s arranged to allow the evaporation of the

| solvent under reduced pressure in an atmosphere of Nz,

ID. The apparatus for the removal of WtOH from Kober
|

}Tha uppsr manifold is connected by polythene tubing to
ithe jets within the tubes, and also to a source of dry ‘
Ng, the flow of which is regulated by aHg. containing _I
valve as shown in the smaller dlagram, The lower

’manifold, which is attached by polythene tubing to the

|splash~head side arms of the tube, 1s connected to a

water pump via a round bottomed flask in which the
solvent collects, Before evaporation of the solvent
was begun, the apparatus was evacuated and allowed to

£ill with nitrogen three times, During evaporation

‘the Kober tubes were ilmrersed in a bolling water bath

‘and/
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and the Nz stream was left on,

Ee The adaptor for the automatic delivery of a
definite volume of ether is useful in the reextraction
of oestriol,

The remaining apparatus is self-explanatory,
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APPENDIX IV

SUPPLIT SNTAHY DATA ON T4 0LOUR RIACTION

INVESTIGATION

Table 1. Bffect of addition of m=cresol to hvdro-

ouninone reacent in overcoming depression

by ether residues,

 Method: 25Mg. of cestriol were extracted from 500 ml,
of distilled water and Y5 ml, A,R, HC1l with ether
(4 x 126 ml,), The combined ether extracts were

' waghed with 2,57 NaHCO0; (A.R,) and distilled water

' (2 x 25 ml,), and distilled to dryness, The
residue was transferred to a Kober tube with HEtOH
(3 x 3ml,) and the solvent puffed down in a stream

| of air, The colours of these Yextracts' were
developed as shown below and compared with that
developed by 25M g, of pure oestriol - 'standard',

;Reaﬁent l = 0,1 ml, of m=cresol was added to 4 ml, of
29, hydroquinone in 76% (v/vj;Hgsoﬁ immediately before
use,

Iﬁearént 2 = 4 ml, of 27 hydroquinone in 76% (v/v)
| 2S04 e

' Colour reactions = see Appendix II,p. 7

D = 4Dgog = SDgor = Dgos
corp

5.8



% Recovery
Exp. °°§§§§°1 Rgnte Dgoe Dgor Dgoe Dagmre
5 & Standard 1 0,150 0,033 0 -
Extract 1 0,168 0,060 0,025 24
Extract a ! 0,163 0,069 0,032 86
Standard 2 0,160 0,047 0,002 -
Extract 2 0,118 0,058 0,018 61
2 Standard 1 0,165 0,022 0 -
Extract 1 D.182 0,081 0,038 90
Standard 2 0.168 0,028 0,004 -
Extract 2 0,125 0,059 0,025 57
3 Standard 1 0,185 0,028 0,003 -
Extract 1 0.,176 0,081 0,030 87
Standard 2 0,177 0,032 0,004 -
Extract 2 0,121 0,055 0,018 57
4 Standard 1 0,45 0,027 0,008 -
Extract 1 0,140 0,065 0,029 76
Bxtraect 1 0,146 0,058 0,023 856
Standard 2 0.152 0,050 0,002 -
Extract 2 0,072 0,054 0,035 23
Extract 2 0,098 0,052 0,020 48
5 Standard : 4 0.155 0,022 0,002 -
Extract : 0,145 0,065 0,027 w5
Extract 1l 0,157 0,080 0,035 75
Standard 2 0.170 0,030 O -
Extract 2 0,115 0,052 0,023 52
Extract 2 0115 0,051 0,026 52
6 Standard 1l 0,150 0,018 0O -
Extract 1 0,145 0,074 0,035 69
Standard 2 0.168 0,028 0,005 -
EBxtract 2 0,11¢ 0,088 0,027 54
v Standard 1l 0,171 0,028 0O -
Extract 1 0,198 0,099 0,036 89
Standard 2 0,187 0,035 0 -
Extract 2 0,169 0,070 0.024 75

&8/
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% Recovery

Exp. Oegiplol Rgnt. Dgos Deor DPsoe Deorr
8 Standard 1 0,163 0,025 0 -
Standard & 0,168 0,028 0 -
Extract 1 0.l162 0,086 0,034 ve
Standard 2 0,164 0,029 0,004 -
Standard 2 0.178 0,033 0,004 -
Extract 2 C.11¢ 0,065 0,024 54
9 Standard 1 0,168 0,035 0,004 -
BExtract 1 0,182 0,106 0,038 81
Standard 2 0,178 0.030 0.004 "
Extract 2 0,134 0,068 0,028 5%
Table 11,

Method « &s in Table i, p. 16.

Comparison between fresh (i,e. non-
sulphonated) and ased (i.e., sulpnonated)

oestronad and cestradiol-l¥g

hvdroquinone

sulphuric acid reacents in the presence

© O0f SoLvent residuss,

Reagent 1 = Hydroquincne sulphuric acld reagents for

the respective oestrogens as in Appendix IX, p. %,
2 months old,

Reagent 2 -~ As for reagent 1, but freshly prepared

with no heating,

% Recovery
Reagent Geggggpe Dgoe Dgca Dgos Deorr
: 4 Standard 0,230 0,080 O -
Standard 0,240 0,061 0,001 -
Extract 0,227 0,075 0,011 o2
Extract 0,221 0,075 0,010 89
e Standard 0,239 0,058 0 -
Standard 0,245 0,061 0,002 -
Extract 0,219 0,057 0,003 90
Extract 0,229 0,074 0,010 90

Reagent/
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% Recovery

Oestradiol D
' Reacent used Daog Do Daoa corr
1 Standard 0,165 0,047 0,161

Standard 0,172 0.034 0,172

Bxtract 0.168 0,048 0.002 o8
Extract O.171 0,051 0,005 o8
2 Standard 0171 0,035 0,001

Standard 0,178 0,038 0,001
Bxtract 0,187 0.045 0.004 93

‘Table 111 Effect of different desrees of intensity of |

1llurination on the colour developmsnt of

cegtriocl with hydrogquinone sulvhurle acild

rearsents,
Method - Dry residues of 25ug. of vestrlol in test

' tubes (18 x 150 mm,) were heated in a bath of boiling
‘water for 20 min, with 4 ml, of 29 hydroquinone in
‘76% (v/v) HgS0,, elther freshly prepared or after
‘againg as shown, The tubes wers shaken at 2 min, and
‘6 min, For Reaction 1, the solutions were diluted with
‘1 nl, of water, shaken and reheated for 5 min, The
'cooled solutions were diluted to 15 ml, with 30¢

E(v+v) Hp S04, mixed with a footed stirring rod, and
‘optical densities read with two filters at 10 min, and
|60 min, For Reaction 2 the sare procedure was carried
out except that 2 ml, of water and 33% (v+v) HzS0,

were/
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|
|were used. or the second and third stage diluents

frespactively. The tubes were exposed during the
' procedure to illumination of the type shown and in
:each case a control protected from light at all stages |

‘was done,

' Reactlion 1
10 min, 60 min,
Bxp. Dgoe Dgoa Dgoa Daoa

Freshly prepared reagent

1, &Zxposed to dull day-

light 0,202 0,051 0,205 0,045
Dark 0,185 0,077 0,190 0,065
‘2, Bxposed to dull day-

36 IExposed to hazy sune |
light 0,175 0,046 0,161 0,045
Dark 0.180 0.068 0.18’7 0,056

Ared Reagent

|44 Exposed to dull day-

1light 0,183 0,062 0,196 0,047
Dark 0,165 0,060 0,173 0,055
|5s HExposed to dull day-
- light 0,191 0,082 0,193 0,040
Dark 0,173 0,074 0,178 0,063
6s Bxposed to hazy sun-
light 0,178 0,052 0,166 0,080
Dark 0,168 0,169 0,175 0,058

Reaction 2/
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Reaction £
10 min. 60 min.
DBO& DGOJ. DGS& DBDJ.

Treghly nrepared reacent

7. Exposed to dull day-
light

Dark

Aped Reacent

| g,

Gxposed to dull day-
light
Dark

Teble iv,

0,190 0,045
0,185 0,042

0,175 0,038
0,175 0,038

0,190 0,042
0,185 0,042

0,175 0,035
0,175 0,035

nffect of 1llumination at different stares

of the colour reaction (oestriol)

| See text p. 40
| llethod -~ as in Table iii, p.19;
. reagent was used,

Results

In sunlight at all stages

Reaction 1 (1 ml, Hg0)

Dgoa DPeoz

10 min, 0,169 0,045
| 60 min, 0,160 0,044

a fpeshly prepared

Reaction 2 (2 ml, H-0)

Dgoa Dgoa

0,155 0,037
0,145 0,038

:1ght at end of sscond and third gtares

' 10 min, 0,179 0,042
60 min, 0,174 0,042

' In/

0,179 0,039
0.169 0,039
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Resction 1 (1 ml, H-0) Reaction 2 (2 ml, 1.0)

Deoa Dgoa Dgoe DPeoa

In sunlicht at end of third stare

10 min, 0,195 0,048 0,180 0,043
60 min, 0,187 0,044 0,183 0,041

ot exposed to direct sunlisht

10 min, @.,195 0,048 0,190 0,043
60 min, 0,187 0,044 0.183 0,041

Table v, Bffect of illumination on developmeat of

colour with oestrone, oecstradiol-l7g,

(I'vdroyuinons sulphuric acid reaction),

See text p. 4O

"ethod - 254 g, oestrone and 4 ml, of 29 hydroguinons
in 667 (v/v) HySO0, (1 month o0ld) in a test tube (18 mm,
x 150 mm,) were heated for 20 min, in a boiling water
bath, and the contents were mixed by sheking at 2 and
5 min, Water (0,5 ml,) was added to the cooled
solution and, after mixing, the tubte was reheated for
5 min, After cooling, 30¢ (v+v) Hp80, was added to

a final volume of 15 ml, and the contents mixed with a
footed stirring rod., 254 g. of oestradlol-l7p were
treated in a simglar manner with 2% hydroguinone in
60% (v/v) Hz80, (1 month 0ld) but no water was added
in the second stage. During the procedure the tubes

were/
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were exposgsed to illumination of the type shown,
Optical densitles were nmeasured at 10 min, and at 60

min, after final dilution,

Ragults
10 min, 6C min,
Oestrone Dece Dgor Dgoe Dgoz

Exposed to hazy sunlight 0,248 0,056 0,240 0,056
0,246 0,054 0,237 0,052

Dark 04248 0,068 0,255 0,062
0.244 0,065 0,248 0,060

Osgtradliol-l¥g

Bxposed to hezy sunlight 0,179 0,039 0,172 0,038
0,175 0,037 0,166 0,035

Dark 0.172 0,059 0,178 0,047
0,170 0,057 0,178 0,049

Conclusiong

It will be seen that even attenuated sunlight
was suffielent to cause some instabillty of the pink
colouy produced and that in the absence of adeyuate
illumination there was an incomplete conversion of

yellow to pink as shown by the Dgo, reéadings,

Table vi, Comparison between pure reagents and

rearent containing guinone, NO. . (oestriol).

See T2xt p. 55, and Flg, 5
Reagent 1/
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Reagent 1 = 29 hydroquinone in 767 (v/v) HgSO, (lopkins
and Williams, A.R.).
Reagent 2 ~ 29 hydroquinone in 76% (v/v) HgS0, (B.D.H.,
AsRe)e
Reagent 3 - 2% hydroquinone in V6% (v/v) HgoS0, (Hopkins
and Williams, A.R,). contalrning 1 mg.?%
NaNO5, 2 mg.% quinone - see Appendix II,
Pe 8o
Reactlons
Second stage concentrations were chosen in
preliminary experiments to give the best compromise
between Type II inhinltion and fading for Reagents 1
and 3, The conditions for the pure reagents thus
selected were 5,5 ml, of reagent and 100 mg.
‘hydroquinone, 20 min, heat for firat stage and 2 wml,
of HgO as diluent, For Reagent 3 the condltions ware
5,8 m1, of reagent + 100 mg. hydroquinone, 20 min,
heat and 1,7 ml, of HgO as diluent, In sach case 11
samples (504 g.) were so treated followsd by reheating
for the times shown below, The blanks were heated

20 min,
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Reagent 1 Reagent 1
1 day old Da 6 days old Dy
D,
mre 2 XN X 2 & x
0 o834 0,441 o 0.448 0,378 1.2
2 04370 0,372 1,0 0.685 0,261 2,7
4 0,532 0,276 1,9 0,561 0,266 2.2
6 0.536 0,272 2,0 0.568 0,255 £52
8 0.590 0,243 2,4 0,594 0,236 2,5
10 0,590 0,232 2.5 0.602 0,220 2,7
12 0.596 0,231 2,6 0.640 0,208 3,1
14 0,635 0,193 3,3 0.654 0,187 3,3
16 0,635 0,187 3,4 0,656 0,179 3.7
18 04644 0,179 3.6 0.654 0,181 &.0
20 0.644 0,182 3,5 0,642 0,166 3,9
Reagent 2 Reagent 5
1 day old 1 day old
0 0,643 0,298 2,2
2 0,690 0,269 2.6
& 04722 0,244 3,0 0,700 0,241 3.2
6 0,737 0,120 3,9 0,715 0,221 3.2
8 0,721 0,179 4,0 0,726 0,198 3.7
10 04716 0,173 4,1 0,720 0,197 347
12 0,716 0,170 4,2 0,735 0,187 3,8
14 0,698 0,161 4,3 0,781 0,190 4,0
16 0,700 0,170 4,1 0,725 0,177 4,1
18 0,682 0,170 4,0 0,746 0,176 4.2
20 0,672 0,159 4,2 0,736 0,176 4,2

Tlme = Time of heat, 2 nd stare (min,)
DG L DB(}G

Dy = Dgoa

Table vii, Effect of agelings of reagent conta ning

gquinone, 0.~ (oestriol),

See text, p. 56, and Filg, 6

Heagent - Reagent 3, Table vl



Reaction 1

Reaction 2

26.

- Az for Reagent 35, Table vi,
- Neactlionr 1 with additional hydroguinone

(100 mg.) in second stege,

Reagent 1 Reaction 1 Resction 2
Reagent 1 Reagent 1 Reagent 1
1l day old Dg 2 wk, old DG g wke 0ld Dy
Time D Dy Tj;,' p, Dy Ty v, 1y Ty
0 0,643 0,298 2,2 0,670 0,284 2,4
2 0,680 0,269 2,6 0,874 0,256 2,6
4 0,700 0,241 2,9 0,686 0,224 3,1 0,690 0,226 3,1
6 0,716 0,221 3,2 0,674 0,218 3,1 0,695 0,208 3.4
8 0,725 0,198 3,7 0,700 0,201 3,5 0,735 0,206 3,6
10 0720 0,197 3,7 0,715 0,188 3,8 C,731 0,190 359
12 0,735 0,187 3,8 0,715 0,186 3,8 C,734 0,190 3,9
2 0,751 0,120 4,0 0,708 0,188 3,8 0,726 0,177 4,1
16 Q725 0,177 4,1 0,715 0,181 5,9 C,726 0,186 35,9
18 0.746 0,176 4,2 0,702 0,181 3,9 0,731 0,184 4,0
20 0,738 0,17¢ 4,2 0,715 0,186 3,8 0,731 0,178 4,1

Tablie viii,

See text p,

Comparison between pure reasents and

Ll

reacent containing quinone, HO,™ (oestrcne)

8%, and rig, 7

Reagent 1 = 2% hydroguinone in 669 (v/v) H,S0. (Hopkins

and Williams A,R,).

Reagent £ - 29 hydroguinone in 66% (v/v) HzSO0, (B.D.H,

AJR.)

Reagent 3 = 27 hydroguinone in 665 (v/v) Hz304 (lopkins

Reactions
Second

proliminary

and Williaems A,R.) contalning 1 mg,% sodium

4

nitrate, 2 mg.y guilnone - see Appendix II p,S8.

stage concentrations were chosen in

experiments to give the best compromilse.
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between Type II inhibltion and fading for Reagents 1

| and 3.

The conditlons for the pure reagents thus

selected were 6 ml, of reagent + 100 mg,., of hydro-

quincne, 20 min, heat for first stage and 1.5 ml,

of H;0 as diluent,

For Reagent 3 the conditions were

6,8 ml, of reagent + 100 mg, hydrogulnone, 20 min,

heat and 0,7 ml, of Hz0 as the diluent,

in each case

11 samples (504t g.) were so treated, followed by

regheating for the times sghown below,

were heated 20 min,

Reagent 1
i .4d, oid
Dg
Time Dy D, Dy
0 0,710 6,343 2,1
2 0,884 0,288 2,9
4 04798 0,269 3,0
6 0,820 0,240 3.4
8 0,855 0,208 4,1
10 0.875 0,185 4,5
12 0,880 0,182 4,8
14 0,900 0,178 5,1
16 0,870 0,165 5,3
18 0885 0,170 5,2
20 04,876 0,165 5,3
Reagent 2
14, old
0
2
4 0.945 0,186 5,1
6 0.961 0,186 5,2
8 0,965 0,180 5,3
10 0,960 0,179 5.4
12 0.926 0,174 5,3
14 0,821 0,172 5.4
16 0.886 0,170 5,2
18 0,902 0,174 5,2
20 0.890 0,177 5,0

The blanks
Reagent 1

10 d, old

D
G

Dg__ Dy Ty
0,742 0,346 2,1
0,780 0,310 2,5
0,938 0,208 4,7
0.884 0,218 4,0
0,894 0,207 4,5
0.899 0,188 4,8
0,894 0,182 4,9
0.884 0,180 4,9
0,888 0,176 5,0
04879 0,175 5,0
Reagent 3

1 d, old

0,958 0475 5,5
049490 0,170 5,6
0949 0,173 5,5
0,949 0,165 5,8
0,838 0,165 5,7
0,910 0,154 5,9
0,926 0,160 5,8
0,948 0,160 5,9
0,910 0,160 5,7
0,926 0,168 5,5



Table 1x, Effect of assing of reagent containlng

quinone, N0~ (ocestrone),

D

See text p., 58, and Fig, =,

Reagent - Leagent 3, Table viil

Reaction 1 - As for Reagent 3, Table viii,

Reaction 2 - 6 mi, reagent + 100 mg, hydroquincne,
20 min, heat for lst stage and 1,5 ml,
Hz0 as diluent,

Reactlion 3 « Reaction 1 with additional hydroguinone

(1" mg,) in second stage,

Reaction 1 Reactlon J
1 d, old DG 10 4, old DG
Time Dg Dy Dy Dy Dy !5;
0 0,923 0,250 3.%
2 0,959 0,175 5,5 0,896 0,235 3,8
4 0,949 0,170 5,6 0,923 0,224 4,1
5} 0,949 0,173 5,5 0,923 0.216 4,3
a8 0.249 0,165 5,8 0.953 0,208 4.6
10 0,938 0,165 5,7 0,942 0,206 4,6
12 0,910 0,154 5,9 0,942 0,203 4,6
14 0,926 0,160 5,8 0.942 0,199 4,7
16 0,948 0,160 5,9 0,942 0,196 4,8
18 0,910 0,160 5,7 0.942 0,201 4,7
20 0,926 0,188 5,5 0,942 0,202 4,7
Reaction 2 Reaction 3
10 4, old 2 wk, old
0,955 0,226 4,
0,960 0,216 4,

0,963 0,203
0,935 0,184

&8 0,935 0,185
10 0,815 0,182
18 0,805 0,181
14 0.894 0,179
16 0,868 0,181
18 0.888 0,178
20 085 a1

0,885 0,229
0,926 0,216
0,926 0,201
0,926 0,197
0,926 0,196
0,926 0,191
0,926 0,185
0.226 0,189
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Table x. Comparison between pure reagents and reagent

containing quinone, 10." (cestradiol-1i7f)

See text p. 59, and Flg, 9

Reagent 1 - 29 hydroguinone in 609 (v/v) HgS0, (Hopkins
and Williamé A.R,)

Reagent 2 - 2% hydroquinone in 60% (v/v) Hz50, (BsD.H,
A.R,)

Reagent 3 = 29 hydroquinone in 60% (v/v) HzS0,. (Hopkins
and Williams A,R,), containing 1 mg.% NaNOg
and 2 mg,% quinone - see Appendix II, p.8.

Reactions

Second stage concentrations were chosen in

preliminary experiments to give the best compromise

between Type II inhibltlon and fading for Reagents 1

and 3, The conditions for the pure reagents thus

sélected were 7 ml, of reagent + 100 mg, of hydro-

quinone, 20 min, heat for first stage and 0,5 rnl, of

water as diluent, For Reagent 3 the conditlons were

7.5 ml, of reagent + 100 mg, of hydroqu none, 20 min,

heat and no diluent., 1In each case 11 samples (504 g.)

were so treated followed by reheating for the times

shown below, The blanks were hsated for 20 min,
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Reagent 1 Reagent 1
1l 4, old DG 2 wk, old DG
Time Dg D, Dy Dg Dy '5';
0 0,589 0,254 2,3 0.598 0,230 2,6
2 0,565 0,234 2,5 06325 0,235 2,7
= 0,634 0,223 2,8 0,655 0,205 3,2
6 0,650 0,214 3,0 0,640 0,193 3.3
8 0,678 0,182 3,7 0,659 0,179 3,7
10 0,700 0,180 3,9 0,662 0,166 4,0
12 0,710 0,165 4,3 0,700 0,172 4,1
14 0.732 0,166 4,4 0,860 0,158 4,2
16 0,722 0,160 4,5 0,700 0,162 4,3
18 0,726 0,158 4,6 0,680 0,155 4,4
20 0,722 0,152 4,8 0,895 0,155 4,6
Reagent 2 Reagent 3
1l d, old 1 4, old
0 0,785 0,128 6,1
2 0,818 0,138 5,9
4 0,693 0,152 4,6 0,818 0,140 5,9
6 0,730 04,160,4,6 0,840 0,144 5,9
8 0,768 0,155 4,9 0,848 0,145 5,9
10 0,748 0,155 4,8 0.826 0,139 6,0
12 0,740 0,154 4,8 0,826 0,140 65,9
14 0,744 0,150 5,0 0,838 04,143 5,9
16 0.678 0,142 4,3 0.8348 0,140 6,1
18 0,733 0,145 5,1 0,808 0,137 5,9
20 0,728 0,160 4,6 0,824 0,140 5,9
Table xi, iffect of avelns of reagent containing

quinone, NO,~ (gestradiol-l7g)

See text p, 60, and Fig, 10

Reagent - Reagent 3, Table x

Reaction 1 - as for reagent 3, Table x,.

Reaction 2 - Reactlion 1 with additional hydrogulnone

(100 mg,) in second stage.



Reaction 1
1 ada, «1d

2irme Dg Dy

Sl,

Reaction 1
10 4, old

Dg Dv

Reaction 2
2 wk, old

De Dy

Dg

0,785 0,128
0,818 0,138
0,818 0,140

0,840 0,144

0,848 0,145
0,826 0,139
0,862 0,140
0,838 0,143
0,848 0,140
0,808 0,137
0.824 0,140

0,765 0,159
0,771 0,159
0,768 0,149
0,748 0,159
0,758 0,139
0,748 0,142

. 0,754 0,147

04770 G,140
0,728 0,137

e« » B 5 ® 9 & 9 @ B
GO HOTDDO®

o UOOd Odbds

0,796 0,167
0 790 0,168
0,819 0,163
0,790 0,153
0,529 0,163
0,790 0,156
0,790 0,163
0,796 0,164
0.807 0,163
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APPENDIX V

Alternative Methods of Purification of Oestriol by

Partition Chromatography.
Type A.

This type was designed to retain acidic material
and to permit oestriol and basic contaminants to move
down the column. An attempt was made to have the
mobile phase such that oestriol would flow more slowly
than the basic contaminants and thus allow separation of
these two factors. Small columns (1 x 10 em.) packed
in the usual manner were used. The solutes were applied
to the columns in the mobile phase (3 x 1 ml. ), letting
each wash go into the top of the chromatogram before
the next was applied. Rp was 10 ml./hr. and operating
temperature 65° F. The solutes used were 15Qyg. of
oestriol and the untreated oestriol fraction of male
urine (1/5 of 24 hr. specimen).

l. Stationary Phase - N-NaOH and 20% NaCl.

Mobile Phase - n-Butanol.
A broad band of brown impurities (? acids) was re-

tained on the top of the column; the oestriol was eluted
completely by 7.5 ml. but was markedly contaminated
(? bases). This is an ideal system for separating
oestriol from hydroquinone since the latter is oxidized
and retained on top of the column.
2. Stationary Phase - N-NaOH

Mobile Phase - Ethylene dichloride

A broad/
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A broad band of brown impurities was retained on the
top of the column, but the oestriol was not eluted by
170 ml. A group of impurities (? indigoids) was
eluted in the first few ml. This was the chromatogram
which led to the use of the ethylene dichloride extract
of the oestriocl fraction from a strongly alkaline
mediume. Addition of 4% butanol to the EtCl, did not
alter the elution pattern, but with 25% butanol, oestriol
was eluted from 20-42 ml. with a peak at 20 mle
3. Stationary Phase - NaOH/Borate buffer pH 10,

Mobile Phese - Ethylene dichloride.

Oestriol was eluted from 2-27 ml, with a peak at
7 ml. This did not permit separation from the basic
contaminants.

Type B.

This type was designed to retain basic material
and to permit oestriol and acidic contaminants to move
down the column.

1. Stationary Phase - 30% Hy80, (v + v)

Mobile Phasz -~ Benzene

A brown band was retained on top of the column.
Oestriol was eluted by 100 ml. Adequate separation
from basie contaminants was thus esttained., The
system wss unsatisfactory for a routine method since
oestriol did not dissolve in the mobile phase. It

was/
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was necessary to ellow an ether solution to evaporate

in contact with dry Celite and to pack the dry powder

on‘top of the columne. This caused marked broadening

of the band.



Figure 7. Procedure for Extraction ond Puritfication ot Oestriol.

500m|["5'oliquo: 24 hr specimen) to 8oi'ing Point
Add 75m! !ON minero! ocid.
Boi! Ihr, Coo!.

ini1s0 /.
3125 ml.
I |
Aqueous Ether
3x35m! 85 «NaHCO,
x25m! HO
Et[tr Aqumul

To dryness

I'Sm! Ethano!

25m! Benzene
2225m! H
21125 m! 140

. 1
Aqu eous Benzene
Add 7-5ml ION NoO : Lipophilic Phenols
2x25ml &tCl,
\‘:‘r(:llIl _Ac!utous
CO,to pH 95
4x40ml Ether.
Aqueous Ether
2x5m! HO
Aqueous Ether

To dryness

Partition Chromatogram

Mobile Phase —EtCl,
Stat Phase — 70/,MeOH
Ix10em. 25°%:

5ml SP/5G Cellite

E luate
¢ ) 10 —35m! Oestriol



APPENDIX VI
SUPPLEMENTARY DATA ON SOURCES OF ERROR

Tabhle xii. Recovery of oestriol from KO0 ml. of water

and 75 mls concentrated HC1l (complete method)
Method - 254g. of oestriol in 0.5 ml. EtOH were added

to 500 ml, of distilled water in a 1 1. round bottomed
flaske A.R. HC1 (75 ml,) was added slowly with
thorough mixing. The aubseqnent‘procedures ere shown
in Fige 27 opnosite.

The colours were developed using the hydroquinone
eoclour resetion, stabilized by ethanol or m-cresol, and
the eorrection formula (text p. 62) applieds Recov-
eries were calculated from standards run eimulteneously,
A coveries based on Colour Correcti
Recoveries at 25¢g. level - 72, 73, 59, 60, 60, 57, 56,
63, 82, 63, 49, L5, 48, 70, 70, 63, 66, 43, 56, 76, 75,
72, 6y LT, 87, 77, 6L%.(27 determinations) 64 % 11.1
Recoveries at 50«ge level = 7L, 71, 75, 72, 66, T4, 71,
60, 57, 66, 72, 72, 81, 40, 52, 65, L9, 64, 63, 69, 65%
(21 determinations) 66 % 9.6,

Table xiii. Effect of antioxidents in preventing low
recoveries in ether extraction of ocestriol

from squeous hydrochloric escid
Method - 254ge. of oesiriol in 0.5 ml. ethanol and anti-
oxidant where shown, were added to 500 ml. of distilled
water in a 1 1. round bottomed flask and treated as in

Table xii.



Exp.Antioxidant

l 3.5 mge hydroquinone
7 mge hydroquinone
14 mg. hydroquinone
70 mge. hydroquinone
standard

2 1.4 mge. hydrogyinone

"
standard

3¢ lek mgze hydr?ﬁninone
standard

Y 1l mg. hydroquinone
standard

5 7 mge. hydrogquinone
standard

6 7 mge. hydr?qninone
'

standard

~~

7 mge hydrgqninone

standard
8 100 mg. V%}amin c
"
No antioxidant
standard
9 100 mge. Vitamin C

standard

10/

56.

Deoe Deor Dsoe Doopp % Recovery
06222 0.143 0.043 0.163 96
06242 0,183 0,044 0,172 101
0.252 0,168 0.050 0.168 99
0170 0029 0.002 0170 -
0.172 0.026 0.004 0,170 -
0.189 0,068 0.029 0,156 98
0.189 0,08k 0.032 0,150 94
0.189 0.068 0.026 0,158 99
0.159 0.017 0.004 04158 -
0.160 0.015 0. 0.162 -
0,189 0.102 0.035 0.143 95
00198 0.112 0.043 Oe14L 95
0.157 0.037 0. 0.152 -
0.154 0.035 O. 0.151 -
0.222 0.115 0,038 0.174 95
0,185 0.032 0.003 0.184 -
0.218 0.091 0.036 0.175 100
0.179 0.027 0.005 0.175 -
0.184 0,074 0.024 0,153 95
0.225 0.169 0.049 0.152 95
0.165 0.033 O.. 0.163 -
0.16L4 0.033 0.003 0.160 -
0.185 0.069 0.026 0.154 96
0205 0100 0.039 0.159 99
0.165 0.025 0.005 0,161 -
0,165 0,025 0,005 0.161 -
0,188 0,159 0.045 0.121 68
0+188 0,109 0.040 0.138 77
0.187 04154 0.052 0,116 65
0,168 0,064 0.022 0.1L3 80
06182 0.132 0.055 0elllh 6l
0.175 0.084 0.031 0.138 i
0.186 0.035 0.007 0181 -
0.122 0.052 0.020 0.098 23N
0.116 0,058 0.028 0.084 55
0.126 0,065 0.028 0.092 61
0.151 0.016 0.002 0.151 -
0.150 0.016 0.001 0.150 -
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Exp. Antiox‘id&nt Daoa DSOl Deo a Dcorr % Re cov&ry

e e

10 100 ng, Vitamln C 0,152 0,082 0,030 0,113 74
0,122 0,085 0,015 0,101 66
0,132 0,068 0,019 0,105 69
0,143 0,062 0,022 0,115 75

standard 0,152 0,015 O, 0,154 -

5 iy § 50 mg, amino=naphthol 0,185 0,082 0,034 0,147 84
sulphonic acid 0,187 0,085 0,035 0,145 856
0,195 0,090 0,034 0,155 89

No antioxidant 0,185 0,070 0,034 0,150 86

0,180 0,085 0,032 0,142 81
04172 0,070 0,025 0,143 82
standard 0,175 0,025 0, 0,175 -
0.1'?5 0.025 0. 0.1‘?5 -

Table xiv. Effect of nurification of ether on rescoveries

of osatr{oi Tr0r QLlutce HOL e

Methed - 254g. of vestriol in 0,5 ml, EtOH were added

to a solution of 500 ml, of distilled water end %75 ml,
AR, HC1 in a 1 1, round bottomed flask, The solution
was extracted with 4 x 1206 ml, of ether of the type
shown, The combined ethereal extracts were washed
with 3 x 35 ml, 8,57 NallCOz;, 2 x 25 ml, of water and
dilstilled to dryness, The residue was transferred to
Kober tubss with ethancl (3 x 3 ml,), and the solvent
removed with the tube Lrmersed in a bath of boiling
wgter, either in a stream cf air ﬁr in en eir free
stream of nitrogen, The colour reaction used is
descibed in Appendix II, p, 7, and was stabilized with
m-cresol, All recoveries shown are corrected for the
non-pink component by the colour equation of Brown
(1952¢). |

Results:/



Regults:
1) Ether purified by washing with 8 x 1/5 vol, of

acldic FeS0, (60 g. FoSO4, 100 mle HgB804, 1 1, of
H;0 diluted 1/5 before use,
Exemples of recoveries: 85, 8l3 Y6, 85; 69, 694,

2) Bther purified by refluxing with and distilling
from NeOH,

Examples of recoveries: Y7, 853 857,

3) Ether purified by distillation from Na,
Ezsmples of recoverles: 75, Y5; 84, €8, &l%.

4) Ether purified by standing 3 duys with KVnO, (50g./l.)
and NeOH (50../1,) and digtillation through KOH
¢olumn, ‘

Recovary = 90%,

5) Ether purified by passing through AlgOz, Activity
II(Brockmann), |
Recovery = 83% (Blank extraction gave 16§j.

€) Ether purified by Ags0 (See Appendix I, p.sj.
Examples of recoveries: 90, 843 75, 675 YeZ.
(cestriol added to blank extract gave 1l00%).

N.B. Experlments conducted on different days are

separated by semicolons,
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THE HYDROLYSIS OF THE CONJUGATED
OESTROGENS IN HUMAN URINE

BY
G. F. MARRIAN & W. S. BAULD

INTRODUCTION

It is only fitting to begin this article by acknowledging the
great debt owed by all workers in the field of the steroid hor-
mones to Bernhard Zondek. In 1927 in collaboration with
Aschheim (Aschheim & Zondek, 1927) he showed the urine
of pregnant women to be a much richer source of the oestro-
genic principle than any that had previously been examined,
while three years later he reported the urine of pregnant mares
to be an even richer source of this principle. These two dis-
coveries were not only directly responsible for the rapid and
dramatic developments in the chemistry of the oestrogens
which occurred in the early 1930’s, but indirectly, through
their effect in this field, they also exerted later a profound
influence over research in other related fields. Thus the bril-
liant achievements of German, Swiss and American chemists
in elucidating the structures of progesterone, the androgens
and the adrenocortical steroids certainly owed much to the
available knowledge of the structure of the oestrogens; while
it may justifiably be said that the methods of extraction and
fractionation used today by all workers in the field of the
urinary steroids are based on the procedures worked out
twenty years ago by the small group of pioneers who followed
up Zondek’s discoveries.
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In this article an attempt has been made to review critical-
ly some of the available knowledge concerning the hydrolysis
of the conjugated oestrogens in human urine. The reviewers
have emphasized the historical aspects of the subject, since, in
their opinion, many of those who today are concerned with
other groups of urinary steroids have failed to profit by the
mistakes made in the past by workers in the oestrogen field.
In this connection it is interesting to compare the early work
on the quantitative determination of the urinary oestrogens
carried out during the period 1927—1935 with the work car-
ried out during the past few vears on the quantitative deter-
mination of the so-called urinary adrenocorticoids.

The presence of an oestrogenic principle in human urine
was first demonstrated by Loewe & Lange in 1926, and by
1932 the importance of subjecting urine to some preliminary
treatment with acid before extraction in order to obtain high
vields of oestrogen was appreciated by most of the leading
workers in the field. However, many of those who at that time
were interested in the quantitative aspects of the urinary ex-
cretion of oestrogens were curiously reluctant to devole any
time to the study of the optimum conditions for this acid pre-
treatment; and during the period 1932—1935 not a few papers
appeared in the literature in which »quantitative« determina-
tions of urinary oestrogens were carried out on extracts made
from unhydrolysed urine or from urine that had been treated
with acid in a purely arbitrary manner. When the first syste-
matic studies on the hydrolysis of the conjugated urinary
oestrogens were reported in 1934—1935 it was at once appa-
rent that the numerous data already in the literature on the
excretion of oestrogens during the menstrual cycle and during
pregnancy were, from a quantitative standpoint, quite value-
less. In retrospect it seems clear that progress would have been
greatly accelerated had those interested in the quantitative
aspects of oestrogen excretion given top priority to the investi-
gation of the optimum conditions for pre-treatment of the
urine with acid.

It is disconcerting to see how history has repeated itself
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in the case of the urinary adrenocorticoids. The interval be-
tween the first demonstration of biological activity in urine
and the discovery of the effect of acidification of the urine
upon the vield of extractable activity was actually longer in
the case of the adrenocorticoids (1931 to 1946) than it was
in the case of the oestrogens. The majority of those interested
in the quantitative aspects of urinary adrenocorticoid excre-
tion have shown the same strange reluctance to investigate the
optimum conditions for the hydrolysis of the conjugates as
was shown by the early workers in the oestrogen field; and
too often they have been content to carry out »quantitative«
determinations on extracts prepared from unacidified urine
or from urine treated with acid in an arbitrary manner. Only
during the past year has the problem of the hydrolysis of the
conjugated urinary -corticoids been studied systematically;
and although this problem has yet to be solved satisfactorily,
it is already clear from preliminary findings in several labo-
ratories that the numerous data in the literature on the ex-
cretion of these steroids can have little or no quantitative
significance.

There ean be little doubt that among those who are con-
cerned with the quantitative determination of urinary steroids
the view is widely held that results of clinical value and of
physiological interest can be obtained using sub-optimal con-
ditions for the preliminary hydrolysis of the urine, provided
that these conditions are carefully standardized. In some cir-
cumstances this may be true, but in the opinion of the present
writers this view is a dangerous one which should be dis-
couraged whenever possible. It has been the cause of no little
confusion in the past in connection with the determination of
the urinary oestrogens, and there is danger that it may lead
to even more confusion in the future in connection with the
much more complicated problem of the determination of the
urinary adrenocorticoids.
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HISTORICAL

The early investigations which led to the discovery of the
presence in urine of the conjugated oestrogens make an in-
teresting but somewhat confused story. This confusion was
largely due to the fact that at first a clear distinction was not
made between the effect of acidification in causing hydrolysis
of the conjugated oestrogens in urine and the effect of acidi-
fication in suppressing the ionization of free oestrogen in al-
kaline solution.

In their early work on the oestrogens and chorionic gonado-
trophin in the urine of pregnant women Zondek & Aschheim
(1928) acidified the urine with acetic acid before extraction
with ether or benzene. There is no suggestion in the published
work that this procedure was adopted in order to increase the
yvield of extractable hormone, and indeed it is doubtful whether
any significant hydrolysis of the oestrogen conjugates could
have occurred under these conditions.

Undoubtedly considerable credit for the discovery of the
presence of the conjugated oestrogens should be given to
Glimm & Wadehn who in 1929 showed that a considerable
fraction of the oestrogenic activity in the urine of pregnant
women is in a form in which it cannot be extracted by ether.
Furthermore they tentatively considered the possibility that
the unextractable oestrogen might be excreted in combination
with glucuronic or sulphuric acids. They went on to show that
on heating urine with alkali the ether-soluble oestrogen pre-
sent was partly converted into an ether-insoluble form (doubt-
less due to salt formation), and that on subsequent treat-
ment with acid increased yields of ether-extractable oestrogen
could be obtained. The true significance of these findings was
not appreciated by Glimm & Wadehn, since they apparently
believed that the effect of acid in increasing the yield of ex-
tractable oestrogen was due to a reversal of the effect pro-
duced by alkali. It seems clear that they did not understand
that the effect of acid was due, not only to a reversal of this
effect, but also to hydrolysis of conjugated oestrogens.

By 1930 the acidification of urine prior to extraction was

16*
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being carried out as a routine in two laboratories, but it is
clear that in neither case was this practice initiated with any
idea of effecting the hydrolysis of conjugated oestrogens.

Funk in 1929 had briefly reported on the acidic property
of the oestrogenic hormone, and in the same yvear Marrian had
confirmed and extended this finding in a series of experiments
in which the distribution was studied of ether-soluble oestro-
gen from the urine of pregnant women between ether and
neutral, acidic and alkaline aqueous media. With the mistaken
idea of eliminating loss of extractable oestrogen by salt for-
mation in alkaline urines, Marrian (1930 a, b) later adopted
the practice of acidifying urine (pH not recorded) immediate-
ly before extraction with ether, and reported that by doing
so he obtained greatly increased yields of active material.

In the same year Doisy, Veler & Thayer (1930) also re-
ported increased yields of oestrogen from the urine of preg-
nant women when the urine was acidified to pH 4 and allowed
to stand for some time prior to extraction. At that time these
workers were employing olive oil as a solvent for the extrac-
tion of oestrogen, and the practice of acidification of the
urine was adopted in the first instance in order to minimize
emulsion formation. However, it was soon appreciated by these
workers (Veler, Thayer & Doisy, 1930) that the increased
vields of oestrogen could not be explained entirely on this
basis.

In the light of modern knowledge concerning the condi-
tions necessary to attain complete hydrolysis of the conjugated
oestrogens in the urine of pregnant women it may seem
strange that such marked increase in yield of extractable
oestrogen should have been obtained by Marrian and by Doisy
and his co-workers by acidification at room temperature. It
must be remembered, however, that the increased yields re-
ported by these workers, although appearing highly satisfac-
tory at the time, were almost certainly minute compared with
those which could have been obtained by modern methods of
hydrolysis.

The stimulus to investigate more drastic methods of acid
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pre-treatment of the urine of pregnant women was provided
by the work of Zondek (1930) on oestrogens in the urine of
pregnant mares. He showed that the oestrogen in this source
is in a form in which it is non-extractable by chloroform, and
in the following yvear he showed (1931) that this non-extract-
able form could be converted into an extractable form by
boiling the urine for a few minutes with acid. This finding
was shortly afterwards confirmed by Lipschiitz & Poch (1932).
At about the same time Collip, Browne & Thomson (1932)
briefly mentioned that the urine of pregnant women contains
an ether-insoluble oestrogen resembling that which they had
found in extracts of human placenta.

The first clear-cut figures showing the value of boiling the
urine of pregnant women with acid before extraction appear
to have been those of Marrian in 1933, and the first attempt
to determine the optimal conditions of hydrolysis was made
soon afterwards by Borchardt, Dingemanse & Laqueur (1934).
During the next two years more detailed studies of the same
problem were reported by Cohen & Marrian (1935), who em-
ployed a colorimetric method of determining oestrogens based
on the highly specific colour reaction discovered in 1931 by
Kober, and by Smith & Smith (1935). The method recommen-
ded by the former workers involved acidification of the urine
to pH 1.0 with HCI, the addition of a further 3.3 ml. of con-
centrated HCI per 100 ml. urine and heating in an autoclave for
2 hours. The Smiths’ method involved boiling at atmospheric
pressure for 10 minutes after the addition of 15 volumes per
cent of concentrated HCI. These two methods may be con-
sidered to be the prototypes of the majority of those in use
at the present time.

Destruction of the oestrogens during acid hydrolysis.

Cohen & Marrian (1934, 1935) observed considerable losses
of ether-extractable oestrogen on heating urine in the pre-
sence of acid for long periods. They also observed similar
losses on prolonged heating of acidified aqueous solutions of
pure oestriol and oestrone. Their results suggested that this
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destruction of oestrogen might be oxidative, since they found
that it could be increased by frequent introduction of oxygen.
Recent researches by others, and in particular by Falk &
Heard (see Heard & Saffran, 1949), van Bruggen (1948), and
Rosenmund (1948) have provided ample confirmation of the
fact that destruction of oestrogens does occur on heating with
acid, and have made it -almost certain that this destruction is
indeed largely oxidative in character. '

Fallk & Heard were able to isolate considerably greater
vields of erystalline oestriol from the urine of pregnant wo-
men or from aqueous solutions of oestriol glucuronide after
hydrolysis with acid under anaerobic conditions than after
hydrolysis in a vessel open to the air. In their experiments
anaerobic conditions were maintained by an atmosphere of
nitrogen, or by adding zine to the hydrolysis mixture, or by
carrying out the hydrolysis in an autoclave.

Van Bruggen (1948) has shown that extensive inactivation
of oestriol, oestrone and oestradiol-17 § occurs when these are
heated in aqueous acid solution, but that this inactivation can
be prevented by carrying out the process in an atmosphere of
nitrogen and in the presence of 1-amino-2-naphthol-4-sulpho-
nic acid. In contrast to the findings of Falk & Heard, however,
he has reported that these protective measures are ineffective
in increasing the yield of extractable oestrogen from the urine
of pregnant women.

The experiments of Rosenmund (1948) have shown that
the inactivation which occurs in solutions of oestriol, oestrone
and oestradiol-17 § on heating in acid solution can be greatly
increased by the addition of ferric chloride and completely
prevented by the addition of ascorbic acid or pyrogallol. He
has furthermore shown that urine contains a principle, which
exerts a protective action, like that of ascorbic acid and pyro-
gallol, in inhibiting the inactivation of added oestrogens, and
that this inhibitor is not present in all urines in amounts suf-
ficient to prevent inactivation completely. This most impor-
tant latter finding would seem to explain adequately the dis-
crepancy between the results of Falk & Heard, and of van
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Bruggen. It also provides an explanation of the unpublished
observation of Stevenson & Marrian that whereas the oestrogen
in some urine specimens from pregnant women is apparently
stable to boiling with acid for long periods, in others marked
destruction occurs under the same conditions.

Acid hydrolysis of the conjugated oestrogens in the presence
of zinc.

In 1937 Smith & Smith reported that the addition of zinc
dust to urine before hydrolysis with HCI resulted in a very
marked increase in the amount of ether-extractable oestrogenic
activity compared to that which could be obtained from the
same urine after their usual hydrolytic treatment. In a long
series of subsequent papers they have developed the theory
that this increase (for which they have used the expression
Tzn/T,) is due largely to the new formation of oestrogenic
substances by the reduction of oestrogenically inactive oestro-
gen oxidation products which they have claimed are present
in urine. No satisfactory chemical evidence for the presence
in urine of such oestrogen oxidation products has yet been
provided; nevertheless the Smiths believe that these hypothe-
tical substances may have an important physiological role in
the control of the gonadotrophic activity of the anterior hypo-
physis (Smith, 1944) and in the maintenance of progesterone
secretion by the corpus luteum and placenta (Smith & Smith,
1940; Smith, Smith & Schiller, 1941). They have also sug-
gested a close relationship between excess formation of oestro-
gen oxidation products and the development of toxaemias of
pregnancy (Smith & Smith, 1938; 1941 a, b; 1948). In view of
the wide interest among obstetricians and gynaecologists in
these theories, the evidence upon which they are based must
be discussed critically and at some length.

TheSmiths have recognized that the observed T,,,/T, wvalues
may be due in part to the reduction of oestrone to the more
potent oestradiol-17 f§ and indeed they have shown that
whereas the oestrogenic activities of oestriol and oestradiol
are unaffected by heating with HCIl and zinc, that of oestrone
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is increased 3—>5 fold (Smith & Smith, 1941 ¢). Nevertheless
they have claimed that their determinations on urine carried
out at different stages of the menstrual cycle and pregnancy
exclude the possibility that the whole of the observed T, /T,
values could be due to reduction of oestrone. Thus they have
claimed to have shown that during menstruation (Smith &
Smith, 1938; 1941 ¢) and during labour (Smith, Smith & Schil-
ler, 1941) very high urinary T,,/T, values (5—8.5) are as-
sociated with the complete absence of oestrone from the urine.
They also have claimed that at the 38th week of pregnancy,
when the urinary excretion of oestrone is at a maximum, the
urinary T,,/T, values are lower (ca. 2.0) than at any other
time.

It must be pointed out at this stage of the discussion that
whereas the ordinary hydrolysis procedure of the Smiths in-
volves boiling with acid for 10 minutes their »zinc hydrolysis«
involves boiling for 3 hours. It might therefore be thought that
more complete hydrolysis of the urinary conjugated oestro-
gens during the prolonged boiling would contribute largely to
the observed T,,/T, values. The Smiths have indeed reported
(1941 ¢) that »zinc hydrolysis« of urine following an ordinary
hydrolysis and extraction yields additional oestrogenic ac-
tivity. However, they have claimed to have shown that during
the menstrual cyele the additional activity obtained by zinc
hydrolvsis following ordinary hyvdrolysis and extraction is
lowest at the time of menstruation when the urinary Ty, /T,
ratios are maximal, and on these grounds deny that more
complete hydrolysis of the conjugated oestrogens can account
for the observed ratios.

The Smiths’ original observation that the addition of zinc
dust to urine before hydrolysis with HCI increases the yield of
extractable oestrogen has been confirmed by other workers
using chemical methods of determination (Stevenson & Mar-
rian — see Marrian, 1948; Falk & Heard — see Heard & Saf-
fran, 1949; Stimmel, 1949), and there can be no doubts about
its essential validity. However, the correctness of the Smiths’
interpretation of this original observation, and the validity of
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their later experimental findings advanced in support of this
interpretation, cannot be unreservedly accepted.

Firstly, it has been established by Stevenson & Marrian
(1947) and van Bruggen (1948) that the 10 minutes boiling
with 15 volumes per cent of concentrated HCI, which the
Smiths have employed throughout in their ordinary method
of hydrolysis, is insufficient to hydrolyse completely the con-
jugated oestrogens in urine. It follows that the Smiths’ T,,/T,
ratios must all be in error, and it would seem that the signi-
ficance of variations in these values at different stages of the
menstrual cycle and pregnancy may be less than was originally
supposed. In any case it is certain that more complete hydro-
lysis of the conjugated oestrogens during the prolonged zinc-
HCI treatment must have made a larger contribution towards
the observed Ty, /T, values than the Smiths believed.

It should also be pointed out that the inadequate time of
boiling used by the Smiths in their hydrolysis without zine
may itself have been to some extent the cause of the observed
variations in the T, T, ratios to which so much physiological
significance is attached. The Smiths’ hydrolysis conditions
(without zinc) are certainly sufficiently vigorous to hydrolyse
completely oestrone sulphate (Heard & Saffran, 1949) and
also, in all probability, the sulphate esters of the other two
urinary oestrogens. On the other hand these conditions are
certainly not adequate for the complete hydrolysis of oestriol
glucuronide in urine, and it is likely that they would not be
for the other two oestrogen glucuronides also. Accordingly, if
there was a day to day variation in the relative proportions of
the oestrogens excreted as sulphates and as glucuronides, there
would inevitably be some corresponding variation in the T, /T,
values as determined by the Smiths’ method. That such vari-
ations in oestrogen sulphate and oestrogen glucuronide excre-
tion may occur is indicated by the recent work of Cohen &
Bates (1949).

Secondly, it is certain that the protection against oxidative
destruction of the oestrogens provided by nascent hydrogen in
the zinc hydrolysis procedure (see preceding section) must
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have been responsible to a considerable extent for the 'I';, /T,
ratios greater than unity obtained by the Smiths. Their pro-
cedure for hydrolysis without zinc must have resulted not
only in incomplete hydrolysis of the conjugated oestrogens,
but also in some destruction of the free oestrogens liberated
during hydrolysis. On the other hand, the prolonged zinc-HCI
treatment must have given complete hydrolysis of the con-
jugated oestrogens with little or no destruction.

Since the Smiths themselves admit that the oestrogenic
activity of oestrone can be enhanced 3 to 5 fold by the zinec-
HCIl treatment (1941 c), and since in their experiments the
various factors mentioned above must have been contributing
to the production of high and variable urinary T,,/T, ratios,
it seems hardly necessary to postulate the presence in urine
of any reducible oestrogen oxidation product in order to ex-
plain their results.

This problem has been recently reinvestigated by Stimmel
(1949) using the Smiths’ methods of hydrolysis with and
without zine, and a colorimetric method, based on the Kober
reaction, for the determination of oestrogens. In confirmation
of the results of the Smiths he has found that increased
yields of extractable oestrogens are obtained using the zinc-
HCI hydrolysis procedure, and he has advanced evidence which
he believes excludes the possibility that these increased yields
are entirely due to incomplete hydrolysis and destruction of
oestrogen in the procedure without added zine. Stimmel has
also shown that 16-ketooestrone (Huffmann & Loit, 1948) can
be partially converted into a Kober chromogen by zinc-HCl
treatment, and he has cautiously suggested that the increased
vields of oestrogen obtainable from urine after zine-HCI hydro-
lysis might be partly accounted for by the presence in urine
of this oestrogen derivative.

The possibility that 16-ketooestrone may be a urinary me-
tabolic product of the oestrogens is an attractive one, and in-
deed was first suggested by one of the present writers in 1933
in the course of some speculations on oestrogen metabolism
(Marrian, 1938—39; 1939). However, it does not seem to the
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present writers that Stimmel’s results conclusively prove that
urine contains any oestrogen derivative which, like 16-keto-
oestrone, can be reduced to a Kober chromogen by the zinc-
HCI treatment. It has been shown by Stevenson & Marrian (see
Marrian, 1948) that the yield of ether-extractable Kober chro-
mogen obtainable from the urine of pregnant women can be
doubled merely by lengthening the time of boiling with acid
(15 vols per cent of concentrated HCl) from 10 to 60 minutes.
In view of this finding it would seem that Stimmel has greatly
underestimated the possible effect of incomplete hydrolysis in
his experiments.

The problem of zinc-HCI hydrolysis was investigated some
vears ago by Stevenson & Marrian (see Marrian, 1948) who
compared the yields of ether-extractable Kober chromogen
obtained after 60 minutes boiling with 15 volumes per cent
of concentrated HCI with those obtained after boiling for the
same time with the same concentration of acid and added zinc.
It was found that the addition of zine increased the yields of
chromogen by not more than 10—30 per cent. These results
were not published in detail, nor was any comment made con-
cerning their possible significance. It should therefore be sta-
ted now that it was believed that these small increases could
be quite adequately explained by inhibition of oxidative de-
struction of oestrogen by the nascent hydrogen and by more
complete extraction due to the presence of a high concentra-
tion of zinc chloride in the hydrolysis mixture.

Enzymatic hydrolysis of the conjugated oestrogens in urine.

In 1933 Marrian found that a most effective method of
obtaining high yields of ether-extractable oestrogén from the
urine of pregnant women was to allow the urine to stand
without preservative for several days until a considerable
growth of bacteria had developed. This finding was confirmed
by Cohen & Marrian (1934), and s-hortly afterwards Patterson
(1937) reported that incubation of urine inoculated with B.
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coli gave yields of free oestriol comparable to those obtained
on acid hydrolysis.

The isolation of oestriol glucuronide from the urine of
pregnant women (Cohen & Marrian, 1936, Cohen, Marrian
& Odell, 1936) suggested that the bacterial agent responsible
for the hydrolysis of the conjugated oestrogens might be a
glucuronidase. In following up this line of reasoning it was
shown by Odell, Skill & Marrian (1937) that mouse intestine
contains an enzyme capable of hvdrolysing pure oestriol glu-
curonide, while Fishman (1939) showed that partially purified
preparations of ox-spleen f-glucuronidase would do the same.
More recently Buehler, Katzman, Doisy & Doisy (1949) have
shown that glucuronidase preparations obtained from E. coli
cultured in media containing menthol glucuronide is an effec-
tive means of hydrolysing the conjugated oestrogens in the
urine of pregnant women. These authors reported yields of
total oestrogen (determined biologically and colorimetrically)
by enzymatic hydrolysis which in nearly every case were some-
what higher than those obtained by acid hydrolysis. It is doubt-
ful, however, whether these results were in fact as good as
they appeared, since the conditions of acid hydrolysis em-
ployed (10 minutes boiling with 15 vols. per cent of concen-
trated HCI) could not have been optimal.

For the quantitative determinations of oestrogens in urine
enzymatic hydrolysis seems to offer certain advantages over
acid hydrolysis: — destruction during hydrolysis would be
avoided, while the resulting oestrogen fractions, being much
less contaminated with unwanted impurities than those ob-
tained after acid hydrolysis, would be much more suitable
for determination by colorimetric methods. However, until
the problems involved in the preparation and preservation of
adequate supplies of standardized preparations of both glucu-
ronidase and sulphatase have been solved, it is doubtful whe-
ther enzymatic methods of hydrolysis will be practicable for
routine quantitative work.

Enzymatic methods of hydrolysis have recently been em-
ployed effectively for the study of certain special problems re-
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lated to the conjugated urinary oestrogens. Cohen & Bates
(1949), using an extract of Aspergillus oryzae (Mylase P) as
a source of phenol sulphatase, have obtained evidence which
suggests that oestriol and oestradiol, as well as oestrone, may
be present in the urine of pregnant women as sulphates. These
results indicate that there may be considerable day to day
variations in the mode of conjugation of each of the three oe-
strogens. It should, however, be pointed out that Cohen & Bates
were not entirely justified in assuming that any conjugated
oestrogen not hydrolysed by phenol sulphatase is necessarily
glucuronide.

Grant & Marrian (1950) recently have made use of ox-
spleen f-glucuronidase for the hydrolysis of oestriol glucuro-
nide in their work in which the uronie acid moiety of the lat-
ter compound was identified as D-glucuronic acid.

DISCUSSION

During the interval of eighteen years which has elapsed
since definite proof was first advanced for the necessity for
hydrolysis of human urine prior to extraction of oestrogens,
no complete agreement seems to have been reached amongst
the workers concerned as to the most satisfactory method of
hydrolysis to adopt in the quantitative determination of uri-
nary oestrogens.

Although a few workers believe that the original Cohen-
Marrian (1935) autoclaving method, or some modification
thereof, gives the most satisfactory results (cf. Callow et al.,
1939; Engel et al., 1950), there is no satisfactory evidence
that such methods are significantly superior to a suitably mo-
dified Smith & Smith (1935) procedure. In the opinion of the
present writers autoclaving methods are unsuited for accurate
routine work because of the difficulty of obtaining accurate
timing of the hydrolysis and because of the inconvenience in-
volved.

The available evidence indicates the following modifica-
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tions should be made in the origlnal Smith & Smith (19335)
procedure: —

I. The time of boiling should be increased from 10 to 60 mi-

nutes, clear evidence having been obtained by Stevenson
& Marrian (1947), Marrian (1948), van Bruggen (1948),
Stimmel (1949), and Engel (1950) that 10 minutes’ boiling
with 15 volumes per cent of concentrated HCI is inade-
quate to obtain maximal hydrolysis of the conjugated
oestrogens in human urine. It should be noted that Jayle,
Crépy & Judas (1949) have also adopted the procedure of
boiling for 60 minutes with 15 volumes per cent of con-
centrated HCI.

II. As suggested by Stevenson & Marrian (1947) the HCI

ITI.

should be added to the urine after it has been brought to
the boil. By doing so accurate timing of the hydrolysis is
facilitated and destruction due to heating with acid in the
presence of oxygen is decreased.

As suggested by van Bruggen (1948) and by Rosenmund
(1948) a mild reducing agent should be added to the urine
before hydrolysis in order to afford protection against
oxidative destruction. Although Rosenmund (1948) has
shown that urine contains a natural protective agent, it is
not always always present in a concentration sufficient
to prevent oxidative destruction.

Dingemanse et al. (1939) have suggested that »layer-
ing« the surface of urine by an immiscible solvent during
hydrolysis may be advantageous. There is no conclusive
evidence, however, that this procedure is of any value
when other precautions against oxidative destruction are
observed.

It is noteworthy that pan Bruggen (1948) obtained
higher yields of oestrogen from pregnancy urine by re-
fluxing a butanol extract of the urine with acid (2 hours)
than he was able to obtain by any other method of hydro-
lysis. It seems possible that this increased yield might be
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due to the more efficient hydrolysis consequent upon the
higher temperature and/or to the removal of substances
catalysing oxidative destruction which may have been
present in the urine. It is clear that this procedure of
van Bruggen’s merits further attention.

Other »open flask« methods of acid hydrolysis differ-
ing from the Smith & Smith procedure in the concentra-
tion of acid used have been described by Venning, Evelyn,
Harkness & Browne (1937), Cherry & Bernsiein (1939),
Bachman & Pettit (1941) and Finkelstein (1948). There
is no evidence that these procedures are superior to a
suitably modified Smith & Smilh procedure.
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