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GENERAL INTRODUCTION

Although the existence of the ovary ~ad beea weIl known

to ancient physicians, the morphological details of this organ
. .

were first described by Regnerus de Graaf (1) in 1673. This

Dutch physician described the structures now known as the

"Graafian Folllcles," which are visible on the ovarian surface

during the fertile period of lire. It was not until after

primitive microscopes became available that the ~ussian anat

omist Von Baer (1) saw and described the ovum, which is on the

borderllne of unaided visibi1ity.

The elucidation of the ovary as an organ of internaI se

cretion must ne attributed to Knauer t2r and Halbon (3), who

proved that ovarian transplants could renew the sexual cycle

of spayed animaIs. Knauer (2) aleo concluded that apart from

their function in production of ova, the female gonads play

an important ro1e in regulating estrue phenomena.

In the early nineteen hundreds attention was focused on

the artificial production of estrus by the administration of

ovarian extracts to spayed animaIs. \4,5). These early obser

vations were not c1ear eut, due to the use of water or saline

solutions as the extraction agent. Thus it was not until

Iscovesco t6) in 1912, and Fe1lner (7) in 1913, SUbstituted

"fat" solvents in the process of extraction that weIl defined
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positive results were obtained. By the use of "tat" solvents,

Fellner (?) discovered that the human placenta yields ex

tracts which are potent in producing estrus in castrated ani

maIs. This tinding implicated the placenta in the metabolism

ot the lest r ogens .

Little progress was made in ovarian physiology and bio

chemistry in the fifteen years following Fellnerls discovery

mainly because of two tactors. One tactor was the First World

War and the second was the lack of a rapid and accurate method

for the assay ot ovarian extracts. In that era most investi

gators used alterations in the uterus of immature or castrated

animaIs as an indicator of estrogenic activity, and hence had

to kill the animal tor each test. This bio-assay procedure

was slow, expensive and somewhat uncertain and little progress

was made by its use. Hesearch with ovarian hormones was there

tore greatly facilitated when Allen and Doisy (8) introduced

the vaginal smear bio-assay method. This simple and accurate

method was the basis for further work on the purification of

estrogenic principles, and acted as one of the greatest stimuli

tor the rapid development which occurred in the field of

steroid hormones during the following quarter of a century.

Atter the introduction of the vaginal smear bio-assay

method there was a great revival of interest in the ovarlan

hormones. Most of the investigations carried out in thls
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period were concerned with the preparation of purified ex

tracts, tirst from ovaries (liquor folliculi) and then trom

human placentae, the latter being the more abundant and

cheaper source. These investigations were expensive and

time consuming, and although they yielded mucn valuable in

formation about the methods of extraction or estrogenic hor

mones, tbey were 1argely displaced by the discovery of Asch

heim and Zondek (9) of the great concentration of estrogenic

material in the urine of pregnant women. This discovery

ahould be regarded as one of the Most important factors con

tributing to the isolation of the estrogenic hormones. ]'011

owing this discovery Many chemists fruitfully devoted their

energies towards the isolation of the estrogens from human

pregnancy urine. In the short period of time between 1929

and 1930, Doisy, Veler, and Thayer (10) reported the isolation

of the first crysta11ine estrogen, and this was followed al

Most simultaneously by announcements of the isolation of the

same crystalline compound by three other groups of investiga

tors (11,12,15). Two years later Butenandt (14), and inde

pendently Marrian and Haslewood (15), proved the structure of

this estrogen (ClaH2202)' which we now know as ,;es t r one . In

1930 Marrian (16) reported the isolation of another active

estrogenlc compound from htman urine with properties dlffer

ing from ;estrone. Butenandt and Hildebrandt (17) and Doisy

(18) also isolated the same compound now known as estriol,
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from hurnan pregnancy urine and showed that it differed from

estrone only by the elements of water.

The isolation of the ess'tr ogenf c hormones in a pure state

led to a rapidly increasing demand for tbèir supply in quan

tities sufficiently large to enable a study of their physio

logical properties as weIl as their therapeutic value. ~his

problem was solved when Zondek (19) in 1930 discovered that

the urine of pregnant mares is a far richer source of estro

genic activity than human pregnancy urine. ;l lhi s discovery was

followed by the isolation of estrane fram mare's pregnancy

urine by de Jongh, Kober, and Laqueur (20), and three new

estrogenic cOMpounds, equilin, equilenin and hippulin by

Girard l21}.

The years 1930-1938 saw rapid ~rogress in the isolation

and identification of hormonal principles. In fact almost

every major hormone that we know today was isolated and its

structure characterized in those eight years. 'l.·hi s period

also saw the discovery of synthetic estrogens by Uook,

Dodds and Hewett (22). ~ollowing this meteoric progress

in the isolation of the estrogens, attention was focused on

their physiological action in the animal body. With the

greater availability of crystalline sex hormones, many

investigations of the metabolism of the estrogens, both from

a clinical and biochemical approach, were reported. A number

of excellent reviews of the metabolism of estrogenic hormones



5

have been published in recent years (23,24,25).

It is generally agreed that whether estrogens are sup-. .

plied to the organism in physiologioal or massive doses, only
. .

about ten per cent of the administered dose is identifiable

in the urine without alteration of the original ring system

(25,26) and only minute traces have been demonstrated in the

feces by bioassay (26). Such important questions as the fate

of administered estrogens in the animal body and other press

ing questions concerning their origin remained unanswered for

many years.

It is only in very recent times that sorne insight has been

gained into the metabolism of administered estrogens. This is

largely due to the impetus gained trom the advent of the tech

nique of tagging Molecules with isotopie oarbon and deuterium.

The dlscovery of carbon-14 by Ruben and Kamen (27) made it

possible to synthesize steroid hormones containing stably bound

radioactive carbon, for use in the study of their metabolio

pathways. As early as 1947 methods were devised in thls labo-

ratory for introducing carbon-14 into a number of steroid hor

mones (28) and this culminated in. the successful preparation

of progesterone-3-ol 4, -4_014 and _21_014 (29), desoxycorti

costerone acetate-3-014, _4_014 and _21_014 (30) , 'iestrone

16_014 and f3-,estradio1-16-C14 (31) in pure state and of high

specifio actlvity.



6

Preliminary investigations with estrone - 16- C14 in

mice showed that 52 per cent of the administered radio

activity was excreted in the urine, feces and respiratory

carbon dioxide (31). Howeve~ the mouse excretes estrogens

at such a low level that chemical isolation of urinary me

tabolic products was precluded. These findings were never

theless Immediate proof of the valuable information that

cou1d be derived from metabolic studies using labe1ed estrone.

To enable us to isolate the urinary metabolic products of ad

ministered estrone- 16 - c14 , an investigation of the metab

olism of this hormone in the pregnant mare was initiated.

The work presented in the first part of this thesis de

scribes the metabolism of the ring B unsaturated :. ')e s t r ogens

in the pregnant mare after administration of ;)es t r one - 16

014 (Section A) and sodium acetate- 1_014 (Section B).

It is generally agreed that both the biological and physio

chemical methods now available for the assay of urinary estro

gens are inadequate for the determination of the small amounts

of estrogene present in normal fema1e urine. Therefore, an

investigation was initiated to ascertain whether the recent

Methode of paper chromatography would be sufficiently sensitive

to identify the small amounts of estrogens present in such

urines. The preliminary results obtained from this study will

be presented in the second part of thls thesis.



.PART l

A. THE FAILURE OF E8TRONE TO BE CONVERTED TO

EQUILIN AND EQ,UILENIN

1. Introduction and Discussion

7

After the discovery of Zondek (19) that marets pregnancy urine

was a rich source of estrogens, many investigations ensued to

determine the chemlcal structure of the hormones present there

in. uondek (32) made the surprising dlsàovery that staIIionts

urine contained Iarger amounts of estrogens than did mare's

pregnancy urine. However, this finding has been refuted by

Doisy (33) and several other investigators. Indeed, Doisy (33)

stated that there are wide individual variations in the excre-

tion of estrogen~ by pregnant mares and staIIions and that

variations a1so exlst in every mare at different stages of

gestation. In 1932, Girard and his associates (34) round that

aside from estrone , (1), the urine of pregnant mares contains

two ring B unsaturated estrogens which he named equilin (II)

and equilenin (III).

HO

o

HO

o o

l II III

C·- designates the position of C14 in estrone-lô-è
4

(I ) .
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Along with equilin (1) Girard et al. (34) found another

compound which he named hippulin. but its presence in mare's

pregnancy urine has never been confirmed. Equilenin (III)

was characterised by Girard and his associates (34) as a

~-naphthol because it formed an insoluble picrate and gave

the specifie color tests of naphthols. uomplete chemical

identification of equilin and equilenin was accomplished by

uohen. Uook and tlewett (35) in 1935.

Until 1944. mare's pregnancy urine was the only commercial

source of estrone. As a result. pharmaceutical companies on

this continent and in Europe processed huge volumes of mares'

pregnancy urine for estrone and donated the remaining fractions

of the urine to interested investigators. because of the ready

access to extracts of mares' pregnancy urine. it is not very

surprising that such a great variety of steroids have been

isolated from this source. A list of the steroids isolated

trom mare's pregnancy urine is presented in Table 1.
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TABLE l

steroids Isolated trom Mare's ~regnanoy Urine

\ 1)
(II)
(III)
(IV)
(V)
(VI)
(VII)
(VIII)
(IX)

Name
G18 steroids.

Estrone
Equilin
Equilenin
Dihydroequilenin
3-Desoxyequilenin
Estradiol-170( #
Estradiol-17 f> #
Estra-5,7,9-triene-3-ol-l7-one
Gompound 3
G2l Steroids.

Pregnane-3 0( ,200\ -diol
50( -Pregnane-3~ ,200( -diol
50<. -Pregnane-3 ,., , 20~ -diol
5 6( -Pregnane-3 f3 ,20 f3 -dio1
50< -Pregnane-3 f3 -ol-20-one
Pregnane-3,20-dione
5o(-~regnane-3,20-dioné

Pregn-5-ene-3 fJ ,200( -diol
50( -.pregn-16-ene-3.B -ol-20-one
50( -Pregnane-3 ft ,16 0( ,20 f3 -triol
C2lH3402

019 Steroids

Androstane-3 13 -ol-16-one
Androst-5-ene-3 f.> -ol-17-one
ClgH2603

C19H3002

C19H2402

Referenoe

(20)
(34)
(34)
(36)
(37)
(36 138)(38}
(39)
(36)

(41)
(41)
(42)
(43,44)
\45,46,47)
(45)
(45)
(48)
\49)
(50)
(47)

(45,47)
(47)
(51,52)

(47)

(47)

# The nomenolature emp10yed is that of Fieser and Fieser (53).
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Aside from the compounds 1isted in ~ab1e l a number of

steroids of the urane series have been iso1ated from pregnant

mare's urine by Marker and Rohrmann (54). These uranes have

recent1y been shown to be 3,17a-substituted, 17-methy1-D-homo

androstanes by Klyne and Shoppee (55). The estrogens and some

of the related steroids iso1ated from mare's pregnancy urine

are formu1ated in Eigure 1.

HO

o

l

HO

Figure 1.

o

II

o

III

HO

OH

IV

o

v

HO

VI

HO

OH

HO

VIII

o

HO

IX

OH
~H
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~he MOSt abundant C18 steroids present in mare's preg

nancy urine are estrone (1), equilin (II) and equilenin (III).

The remaining 018 steroids listed in Table 1 have been isolated

only in minute quantities. Estf~ol (IX) has never been isolated
o f • - ~

from equine urine but it has been isolated from human placenta

l56), and from human remale pregnancy urine (57,58). Dlhydro

equilenin (IV) was originally designated as the l7~ epimer but

Shoppee (59) has recently shown that it is dihydroequilenin-17~•

Gompound 3, originally isolated by riirschman and Wintersteiner

(36), trom the" t follicular hormone" of ~chwenk and Hildebrandt

(60), has recently been shown to be estra-l,3,5(10),9(11)-tetra

ene-14-1so-l7~-ol lX) by Banes, uarol and riaenni l6l). These

authors suggested that uompound 3 ls an artitact formed during

acid hydrolysls of mare's pregnancy urine. Banes et al. (61)

also claimed that estra-I,3,5(10),8(9)-tetraene-14-1so-l7 -one

(XI) is ldentical with hlppulln previously isolated by Girard

et al. (34) However, the evidence for this claim is not very con

clusive since the isolated hlppulln was not properly characterized

and MaY be an artifact.

HO

9H,

x

Ho

o

XI
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Of the C21-sterolds, the only one whose presence in equlne

urine ls questionable ls pregnane-3o( ,200( -dio1. Marker and

his associates (41) have reported its presence in mare's urine,

but other Investigators have not been successfu1 in isolating

it (62). The comp~und C21H3402 and an epimer of it has been

iso1ated by Oppenauer (47) trom equine urine, but this work

has not been confirmed. Oppenauer was unab1e to characterize

these compounds but he suggested that they may be isomeric

pregnanolones.

Of the C19-steroids isolated trom mare's urine, androstane

-3ft-ol-16~one(formerlyknown as Heard's oxyketone) has recent

1y been synthesized by Huffman and Lott (63), Oppenauer (47),

reported the isolation of androst-5-ene-3~-ol-17-onefrom

equine urine, but this finding has not as yet been confirmed.

Heard (51), and Jacobs and Laqueur (52) have isolated a com~

pound of empirica1 formula C19HZ603 from equine urine, and both

groups of investigators provided ev1dence wh1ch suggests that

thls compound ls a sterold lactone, but complete identification

of 1t is still lacking. Finally Oppenauer (47) has isolated

two compounds, Cl9ff3002 and Cl9H2402J the structures of which

are unknown.

At present, there are two theories concerning the metab

olism of estrogens in the pregnant mare. The first theory was

postulated by Girard and his associates (34c) on the basis of

the fol1owing observations. These investigators found that as
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gestation in the mare progresses, the ratio of urinary estrone

lI) to the more highly unsaturated compounds, equilin (II)

and equilenin lIII) decreases. ~rom this finding the above

mentioned authors postulated that estrone is partially de

hydrogenated to equilin an« equilenin. ~his theory has also

been put forth by Fieser and Fieser (53), who further pointed

out that the phenomenon of dehydrogenation of estrone to

equilin and equilenin may be a mechanism by which the pregnant

mare partially inactivates estrone. Inhoffen et al. (64)

found that the biological activity of estrone is 1.5 and 21

times that of equilin and equilenin respectively.

~he second theory of estrogen metabolism in the pregnant

mare was postulated by Doisy et al. (65) in 1942. Previously,

Heard and Hoffman (39), isolated estra-5,7,9-triene-3-ol-l7-one

(VIII) from mare's pregnancy urine. This finding prompted

Doisy et al. (65) to postulate that (VIII) i8 a likely inter

mediate in the production of estrogens from certain sterols by

partial degradation. ~hese authors rightly cited aromatization

of saturated ring structures as a metabolic pathway more com

mon than nuclear hydrogenation. According to Doisy's theory,

equilin and equilenin are possible intermediates in the forma

tion of estrone rather than products of its catabolism. ~he

total synthesis of the benzenoid ring in the animal organism

has never been demonstrated, but Dickens (66) has cited many

examples of aromatization of saturated 6-Carbon ring derlvatives.
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The two theories presented above have not until now

been tested experimentally and it is for this reason that we

set out to determine whether estrone is converted to equilin

and equilenin in the pregnant mare. To accomplish this aim,

it was decided to administer estrone-l6-C14 to a pregnant mare

and to isolate estrone, equilin and equilenin from her urine.

The relative abundance of 014 in the three isolated estrogens

would determine whether estrone is converted to equilin and

(or) equilenin.

The pregnant mare is the only animal which is known to

excrete equilin and equllenin. G.irarcI et al. (34c) found

that equilenin can barely be detected in the urine of the

pregnant mare on the l'5th day of gestation, but it appears

in appreclable quantities about the 200th day and is very

abundant in the last months of pregnancy. Thus, the stage

of pregnancy la very important when one desires to isolate

equilin and equl1enin.
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Quantitative data of the estrogens excreted in the urine

by the mare during pregnancy are not available in the litera

ture. However, Cole and Saunder (57) and co~e and Hart (58)

have published some qualitative results of the urinary estrogens

determined throughout pregnancy in the mare. The data taken

from uole and Hart (58) is shown in Figure 2.

l '
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From J:.I'igure 2 it is seen that estrogen excretion is

maximal at about 240 days and steadily decreases in the last

100 days ot pregnancy. In this study the estrogens were

extracted with benzene atter mild acid hydrolysis of the

urine, and were determined with a crude bioassay procedureo

As a result the data presented in Figure 2 must be considered

only as qualitative.

Beall and Edson (69) have published data on the isolation

of estrone from marets pregnancy urine collected at monthly

intervals throughout gestation. Their data i8 graphically

presented. in Figure 3 0

Urinar!! E xcreîion of Estron~

in the Mare Ilorinq Pre-fjnanc!j

45.78:1'011

Month of Pregnoncy .

Fig. 3 Data taken trom ~eall and Edson (69).
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From Fig. 3 it is seen that estrone excretion is at a

maximum in the seventh to eight month of pregnancy but falls

off sharply in the ninth to eleventh month. In the ninth

month of pregnancy the urinary excretion of estrone was

found to be about 40 mg. per litre. Such a quantity of

estrone adroits facile isolation.

]'rom the data presented above, it is evident that the

ninth month of pregnancy is the most suitable period tor the

isolation of estrone, equilin and equilenin trom the urine

of the pregnant mare. We were therefore guided by these facts

in choosing a ülydesdale mare inher ninth month of gestation

for this investigation.

The yield and purity of the isolated estrogens from mare's

pregnancy urine depend to a large extent upon the methods of

hydrolysis and extraction. In the ear1y work on the isolation

of estrogens trom equine urine, huge volumes of urine were pro

cessed and as a result very litt1e work was done to determine

optimum conditions of hydrolysis and quantitative methods of

extraction. In 1930, Zondek (19) tirst observed that acid

hydrolysis increased the quantity of ether extractable estrogens

from equine urine. The fo1lowing year, Kober (70) developed

a colorimetrie method for the determination of estrogens. This

method was modified by uohen and Marrian (71) and was app11ed

to the determination of the estrogens present in mare's urine.
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The use of this colorimetrie method greatly facilitated the

development of better methode of hydrolysing urine and of

extracting the estrogens. Beall and Marrian (72) found that

heating acidified mare's pregnancy urine at 1000C for varying

periods of time or autoolaving the acidified urine at 18

pounds pressure resulted in some destruction of estrone.

These authors reported that the highest yield of extractable

estrone was obtained when the urine was acidified to pH 1

and allowed to hydrolyse at room temperature for one or two

weeks. This was essentially the method previously described

by Curtis et al. (73). A systematic study of the hydrolysis

of equine urine has been reported by Edson and Heard (74).

These authors found that the optimal hydrolytic oonditions

are attained when the urine is acidified to pH 0.4-0.6 and

allowed to stand at room temperature for four weeks.

Gohen and Marrian (75) found that 90% of the estrogens

in equine pregnancy urine are excreted as water soluble, ether

insoluble conjugates and are physiologically relatively inert.

Two years later, Schachter and Marrian (76) succeeded in iso

lating a small quantlty of the potassium salt of estrone sul

phate trom mare's pregnancy urine. In recent years Klyne and

his associates (77,78,79) have described the isolation from

equine pregnancy urine of the sulphuric ac1d esters of 5~

pregn-16-en-3,8 -01-20-one, uranediol and 5 D( -pregnane-3,8 -01

20-one. A novel enzymatic hydrolysis of the conjugated estrogen
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su1phates by a sulphatase was published by Cohen and Hates

(80). These authors used the speoitic phenolsultatase present

in extracts ot aspergillus oryzae to hydrolyse the estrogen

conjugates and tound that enzymatic hydrolysis was 20% more

efticient than acid hydrolysis.

Thus it can be seen that there are a wide ohoice ot methods

tor hydrolysing Marets pregnancy urine. The method of hydrol

ysis which one chooses is usually governed by what one desires

to isolate from the urine. In this investigation we were pri

marily conoerned with the isolation of estrone, equilin and

equllenln and we therefore used the method ot hydrolysis de

veloped by Oharles E.Frosst and GO. With thls method the urine

is acldltied ta pH 1 with concentrated hydrochloric acid,

covered with an equal volume ot toluene and retluxed tor two

hours. The toluene cover protects the urine trom the destruc

tive action ot oxygen trom the air, and removes the estrogens

away trom the hydrochloric acid as they are hydrolysed. Gohen

and Bates (80) have reported that oovering the urine with

toluene durlng hydrolysis yields large amount of extractable

estrogens.

In spite ot the high concentration of estrogens in marets

pregnancy urine, very little has been published on its extrac

tion and puritication. Gurtis et al. (73) used benzoic acid to

absorb the 6strogens trom equine urine and on desorption ob

tained as much as 100 mg. ot pure estrone par gallon of urine.



20

Beall and Marrian (72) published a procedure for the extrac

tion of estrogens from mare's urine which has formed the basis

for aIl the extraction procedures used since. These authors

modified the procedure originally used by Cohen and Marrian

(71) for the extraction and separation of estrone and estriol

from human pregnancy urine, and applied it to the extraction

of the estrogens from mare's urine. An outllne of this ex

traction procedure is given below.

The Marrian Procedure.

Acid li

extraèted c toluene
toluene evaporated
resldue dlssolved in ether

1
]j\j NaOH

Weak Phenols

1
Residue

1
Toluene

!
1

Toluene
Neutrals

O.lN NaOH
strong Phenols

Beall and Marrian (72) found that in the extraction pro

cedure described above most of the estrone appears in the weak

phenolic fraction along with some equilin. These authors were

able to separate estrone and equilin contained in the weak
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phenols by the dirference in the solubilities of their mercury

complexes. Beall and Edson (69) have modified the original

Marrian procedure in order to get a more complete separation

of the acids from the total phenols. These authors found that

approximately 20% of the estrone enters the strong phenolic

fraction along with Most of the equilin and equilenin.

In the present investigation a modified version of the

Marrian procedure was used to separate the toluene extract of

the acid hydrolysed urine into acid, strong phenols, weak

phenols and neutrals. It was realized that such a fractiona

tion would entail a further separation of estrone, equilin and

equilenin from the strong phenols.

Havlng dlscussed the methods used in hydrolysing and ex

tracting marefs pregnancy urine, we shall now go on to descrlbe

the experimental conditions used in this investigation and to

discuss the results obtained.

The solution used for the administration of the estrone-16

_014 to the pregnant mare consisted of 24% ethyl alcohol-iso

tonie saline. Since estrone is not soluble in isotonie saline,

ethyl alcohol was used to get the hormone into solution. bY

trial and error, it was round that a 24% ethyl alcohol-isotonic

saline solution would hold about 10 mg. of estrone in solution

and would not preeipitate the blood proteins. tluman plasma waS

used in these trial experiments.
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The pregnant mare used in this investigation was kindly

donated by Arnold Farms, Grenville, ~uebec. The administra-

tion of the hormone, collection of excreta and the initial

steps of hydrolysls and extraction were performed on the

premises of Sterold Laboratories, Grenville, ~uebec. As a

result, the extracts of the urine and feces had to be con

centrateêLto ~mal~volumesJor _t r ans_por t at i on to -our labora-- - - 

tory in Montreal.

A solution of 9.82mg. of estrone-lô-c14, containing

25.53xlOê d./min.r in 24% alcoho1-isotonic saline was infused

intrajugu1arly into a Clydesda1e mare in the ninth month of

pregnancy. Samp1es of blood were taken immediately after in

jection and 1.5 hours 1ater. The blood, preserved in 3.2%

trisodlum citrate, was shipped to Montreal for analysis. A

sample of saliva was taken 1.5 hours after injection and kept

for subsequent analysis.

Urine and feces were col1ected for 72 hours following the

injection of the labeled estrone. ~he urine was acidified to

pH 3 immediately after collection, and stored in the cold witb

a cover of toluene untll a sufficient quantity accumulated for

hydrolysis. The feces were collected and preserved under a

_ _ _ _ _ ~mrel"- of----Chlo~of_Orm-untl1_ -the- end-of- the- ezperfmentr; - - - - - - - - -

# - Disintegrations/minute.
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An examination, by Dr. F.Peron, of the b100d taken from

the mare revea1ed that on1y the a1cohol soluble fraction of

the plasma contained detectab1e amounts of 014• If we assume

that the radioactivity found in the blood is due to estrone

1Ô_C14 or some metabolite of it (i.e. 0( or f3 estradiol-1ô

014) then this finding confirm$ thè earlier observations made

by tiauss1er (81). This author1.'f'ound thatsma11 amounts ot

estrogens are c10sely associated with the proteins in mara's

Sè~um. In apecies other than Eguus Gaballus the circu1ating

estrogens have been f'ound to be c10se1y associated with the

plasma proteine (82,83).· ·

The urine, acidified to pH l with hydrochloric acid and

covered with an equal volume of toluene, washydro1ysed by

refluxing for two hours. The hydrolysed urine, after cooling,

was extracted with to1uene and the toluene extract was par

titioned into acids, strong phenols, weak phenols and neutrals

by extracting with 5% and 10% Na2003, O.IN NaOH and IN NaOH

respective1y. In order to determine whether estr~ne-16-C14

gives rise to water soluble excretory metabolites, the urine

remaining after hydrolysis and toluene extraction (aqueous

urine) was reduced to a small volume and saved for future

analysis.

The 002 evolved during the acidification and hydrolysis

of' a portion of the urine collected on the second day, was



trapped in sodium hydroxide and converted to ~aC03. The

~a003 did not contain any detectable radioactivity. ~his

result indicated that the D ring of estrone-16-C14 was not

ruptured with the elimination of 014°2' since equine urine

contains abundant quantities ot acetate bufters which would

have incorporated any radioactive carbon-dioxide had it been

present.

14The determination of C in cruds extracts, such as those

met with in this investigation, is a very vexing problem. ~he

difficulties entailed in such determinations have been enumer

ated by Calvin et al. ~84). In this laboratory, a method for

the determination of C14 in crude fractions was devised by

Yates (29). This method allows correction for the self-ab-

sorption errors Inherent in the assay of crude extracts. when

the procedure of Yates (29) was applied for the determination

of the C14 content of the various fractions obtained in the

extractions of the acid hydrolysed urine, the resu1ts obtained

were as follows. Of the injected radioactivity 39.64% was re

covered in the urine, and 74.70% of this activity was extract

able with toluene. Of the radio-activity extractable with

toluene, 1% was present in the acids, 68.2% in the strong phen

ols, and 28.7% in the weak phenols and 14.98% in the neutrals.

~he striking faot in these partitions was that 68.2% of radio

activity was removed by extraction with O.lN NaOH (strong phen

ols.) The strong phenols thus contained about 20% of the in

jected radioactivity.
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The feoes, oolleoted for 72 hours following the adminis

tration of the labeled estrone to the pregnant mare, was ex

haustively extraoted with ohloroform and a portion of the

feoal residue was retained for future examination. However,

this ohloroform extraot did not oontain any radioaotivity when

it was assayed with the method desoribed by Yates (29). In

order to eliminate the possibility that the radioaotivity ex-

oreted in the feoes was in a water soluble form, an aliquot

of the feoal residue was extraoted with water but this aqueous

extraot did not oontain any 014• , Anot her possibility that had,

to be eliminated was that the ohloroform extraot of the feoes

oontained very small amounts of 014 and that this low level

of radioaotivity oould not be deteoted in the assay of the

orude extraots. Therefore half of the ohloroform extraot of

the feoes was extraoted by the prooedure desoribed for the

fraotionation of the toluene extraot of the hydrolysed urine.

ln this fraotionation, heavy emulsions were enoountered and

only a very orude separation into aoids, strong phenols, weak

phenols and neutrals was realized. These fraotions were furth-

er purified by extraotion with ethyl aloohol. When the alooh

olio solutions were assayed for 014, no radioactivlty oould be

detected in them. lt was therefore conoluded that estrone-16

_014 does not give rise to metabolio produots whioh are ex

oreted via the gastrointestinal traot.
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The ab ove findlngs are not in agreement wlth the observa-

tions pub1ished by Kemp and Pedersen-Bjergaard (85). These

authors found that the feces of the pregnant mare contain slz

able amounts of estrogens. tlowever, the activity found in the

feces was determined by bioassay and it is not altogether cer

tain whether the values obtained were actua11y due to the known

estrogens. There seems to be a sharp species difference in the

metabo1ism of estrone-16-014• Thompson (31) subcutaneous1y in

jected five fema1e mice with one mi11igram of estrone-16-C14

per animal. The poo1ed feces excreted during six days contained

20.45% of the injected radioactivity and the expired 002 ac

counted for approximately 10% of the injected dose. More re

cent1y, Budy (86) subcutaneous1y Injected immature G.F. mice

with 0.1 mg. of estrone_16-C14• At 24 hours after injection,

10 to 20% of the injected activity appeared in the feces and

the urine. However, there was no measurable radioactivity in

the expired air. The expired C140
2 obtalned by Thompson (31)

May have been due to the re1atively large quantity of estrone

16_014 Injected. ~he results obtained by Thompson l3l) and

Budy (86) c1early demonstrate that the rodent excretes a siz

able quantity of administered estrone-l6-C14 in the feces, where

as in the pregnant mare the excretion of radioactivity is con

fined to the urine.
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The alcoho1 extract of the saliva obtained 1.5 hours after

injection of the estrone-lô-C14 contained a small amount of

radioactivity. This result demonstrated that at 1.5 hours af

ter injection, the labeled estrone was weIl distributed in

the animal body.

Since sizable amounts of estrone are excreted in the urine

of the pregnant mare even in the ninth month of gestation, it

was decided to determine the distribution of this hormone in

the extraction procedure used in fractionating the acid hydro

lysed urine. To accomp1ish this aim, estrone-16-C14 was added

to marefs urine from which the estrogens had previously been

removed, and this materia1 was partitioned by the identical

method used to extract the urine co1lected in this investiga

tion. After assaying the fractions obtained, it was found that

80% of the estrone was extracted from the urine with toluene.

Fractionation of this toluene extract showed that the acids,

strong phenols, weak phenols and neutrals contained respective

ly 1.79%, 56%, 29.08% and Il.33% of the radioactivity origina1-

1y present in the toluene extract. These results are in close

agreement with the values obtained in the fractionation of the

toluene extract from the urine collected after the administra

tion of estrone-l6-C14• The close agreement between the two

sets of data led us to believe that the major C14 labeled ex

cretory product present in the urine of the pregnant mare after

administration of estrone-1ô-C14 was unaltered estrone.
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Mather (87)) and Bachman andPèttit (88) have investigated

the relative distribution of the estrogens among immiscible

solvent pairs. howeverj these authors did not use any of the

solvent pairs employed in this investigation. It was there

fore of interest to us to determine the distribution of estrone

_16_CI 4 between the solvent pairs used in the extraction of

the urine collected after injection of the C14-estrone. In

these experiments the procedure described by Mather (87) was

used to partition estrone-16-CI 4 between the immiscible solvent

pairs. The results obtained from these partition studies are

generally in agreement with the distribution of the radioactive

material present in the urine of the pregnant mare used in

this investigation.

During hydrolysis of urine collected from the pregnant

mare large quantities of reddish-brown solids precipitated.

This material was collected and an attempt was made to ident

ifY it. After crystallizing this material from 95% ethyl al

cohol and removing colored impurities with activated charcoal,

long colorless needles were obtained. These crystals proved

to be non-radioactive hippuric acid. This result indicated

that carbon atom-lô of estrone was not incorporated into the

benzene ring or into the side chain of the isolated hlppuric

acid.



In 1936, Girard and Sandu1esco (89) pub1ished a method

for the separation of ketones from non-ketones present in

urinary extracts, which has been wide1y used in the isolation

of urinary metabolic products. These authors described a

ketone coupling reagent, trimethylaminoaoetohydrazide,

[(CH3)3 NCH200NHNH27 CI- which forms a water soluble oom

plex with ketones, thus maklng it possible to separate the

ether soluble non-ketonic material. The ketones are then re

generated by acid hydrolysis of the Girard complexe This re

agent is genera1ly referred to as Girard's reagent T. Girard

and Sandulesco (89) also round that a single treatment of a

crude estrogen extract with this reagent does not effect a

complete separation of ketones from non-ketones. These authors

therefore recommended that the non-ketones should be subjected

to a second Girard reaction (reGirard lt
) in order to further

separate the ketones. In applying the Girard separation to the

strong phenols, it was found that tarry oils separated at the

interface between the ether solution containing the non-ketones

and the aqueous phase containing the Girard complexe Girard

made the same observation, but he comblned these tarry oils with

the ketonic fraction. In this investigation it was decided to

determine whether these tarry olls were ketones or non-ketones

by reacting them with Girard's reagent T. Renee, following

Glrard's instructions, the strong phenols were separated into

ketones and non-ketones as outlined diagramatically below.
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Strong Phenols

1
Ketones

1
Non-Ketones

1
Non-Ketones

7.358 g.
928,280 d./min.

1
Girard T.

1
1

Ketones
1

Non-Ketones

0.470 g.
221,730 d./min.

1
Girard T.

1
1

Ketones

0.462 g.
2,140,950
d./min.

0.093 g.
177,400
d./min.

0.016 g.
4,650
d./min.

0.140 g.
14,890
d./min.

6.934 g.
806,500
d./min.

Total Ketones - 0.695 g.
2,332,840 d./min.

Total Non-Ketones - 6.95 g.
811,150 d./min •

.l!'rom the above data it can be seen that there was a large

10ss, both in weight and in radioactivity, in the tirst Girard

separation on the strong phenols. Assay of all the aqueous

solutions resulting trom this reaction only accounted for an

additional 287,760d./min. The only reasonable explanation for

these large losses is that they may be due to the 10ss of radio-

active volatile light oils. It is possible that in the process

of distilling solvants from the urinary fraction and in reducing

these tractions to dryness, these volatile oi1s are 10st. prior
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to reaoting the strong phenols with Ü'irard's reagent T, an at

tempt was made to remove these oils by distillation under high

vacuum. This procedure was not successful because of heavy

bumping, even though precautions were taken to prevent this.

As a result the strong phenols were reacted with Girard

reagent T in the presence of the volatile llght oils, which may

- ----- ------ac-coun~ :ror-the-Iarge Tosses incurreain this reaction. It is

of interest to note that the total ketones contained the ~jor

portion of the recovered radioaotivity.

Beoause the ketonic strong phenols contained the major

portion of the radioactivity, experiments were designed to

separate the estrone, equilin and equilenin present in this

fraction. Girard et al. (340) found that equilenin can be

separated trom estrone and aquilin by for.ming the insoluble,

stable equilenin picrate. Under the conditions used by these

investigators, estrone and equilin do not form stable picrates.

It was therefore logioal to try to isolate equilenin~ its

picrate.

In trial experiments it was found that 20 mg. of equilenin

readily forms an ~ insoluble picrate in 80% yield. tiowever, when

the ketonic strong phenols were dissolved in an alcoholic solu

- - - - - - 't10n s at ur at ed with picric acdd , equilenin picrate did not

precipitate. Instead,a small amount of crystalline material

separated which proved to be estrone. J!'rom this i t was deduced
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that the ketonic strong phenols contained either very small

amounts of equilenin or relatively large amounts of estrone.

Girard et al. (34c) found that equilenin cannot be separated

from estrone by picrate formation in the cold, unless the

ratio of equilenin to estrone is greater than 1 to 10. Thus

equilenin picrate would not precipitate if the ketonic strong

phenols contained large quantities of estrone.

~ince equilenin picrate failed to precipitate, the keton

ic strong phenols were extracted with 1% Na2G03 in arder to

decompose any picrate which may have been in solution and to

remove the residual picric acid. This treatment removed large

amounts of colored impurities from the ketonic strong phenols

without any appreciable loss of radioactivity.

Doisy et al. (90) found that equilenin ls almost twice

as soluble as estrone in ethyl alcohol at 30°0. In ~.:('pr.é.limin~ry

experiment it was determined that equilin ls also more soluble

than estrone in ethyl alcohol. On the basis of these findings,

it was decided to separate estrone from the ketonic strong

phenols by fractional crystallization. by this method tive

crops of crystals weighing 40 mg. separated trom the ketonic

strong phenols. The mother liquors resulting trom this pro

cedure were kept for further analysis. ~he third crop was re

crystallized from ethyl alcohol and the colorless needles ob

tained weighed 20 mg. These crystals had a melting point of

260-262°0, which was not depressed on admixture with authentic

estrone. In ultraviolet light this material exhibited an ab-
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sorption maximum at 280 m~, and its ultraviolet spectrum in

sulphuric acid was identical with the spectrum given by au

thentic estrone. ~his isolated estrone had a specifie activ

ity of 37,650 d./min./mg.

In this investigation the ultraviolet spectra in sul

phuric acid (sulphuric acid chromogens) of estrone, equilin

and equilenin yielded valuable information in establishing

the identity of these estrogens.

Zaffaroni 19l) first introduced this spectrophotometric

technique for the identification of adrenocortical steroids.

~ince then, this method has been widely used for the identi

fication of a large variety of steroids 192). It was found

that estrone, equilin and equilenin give characteristic ultra

violet absorption spectra in sulphuric acid,and as a result )

this technique was used as an aid in the identification of

aIl the compounds isolated in this investigation.

The mother liquors remaining atter fractional crystal

lization of estrone from the ketonic strong phenols should

contain sorne estrone as weIl as equilin and equilenin. in

order to separate the three estrogens it was necessary to

determine their relative concentration in this fraction. A

search of the literature revealed that there is only one

published method for the estimation of estrone, equilin and

equilenin in mixtures. ~here are however two other methods
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which ahould be mentioned here.

Marx and Sobotka t93) found a specifie test for equilenin

and its diol, based on the coupling reaction with p-nitro-ben

zeneaaodimethoxyaniline (Fast-Black-8alt-K). This color re

action has not been developed into a quantitative method for

the determination of equilenin. Umberger and Curtis (94)

showed that a mixture of equilin and estrone can be analysed

by heating in 90% sulphuric acid and measuring the colorimetrie

intensity at four different wave lengths. ~his empirical method

has never been applied for the determination of urinary estrogens.

Banes (95) has devised a colorimetrie method for the determina

tion of estrone, equilin and equilenin in mixtures, based on

the colored complexes formed when equilin and equilenin are

treated with dibromoquinonechloroimide (B.Q.C.). In this method,

equilin and equilenin produce stable colored co~lexes when

treated with dibromoquinonechloroimide, while estrone does note

Upon conversion of the three estrogens to their benzenesulfonates,

only equilin yields a stable colored complexe ~hus by differ

ence it is possible to determine the concentrations of equilin

and equilenin. Estrone is determlned by the Haenni modification

of the Kober reaction (95). This colorimetrie method has been

successfully used to determine the estrogen content of the ke

tonie fractions from mare's pregnancy urine. ~his three step

reaction, which will be referred to here as the nB.Q.C. analysis,"

was originally very time consuming but recently Grant and Beall

196) have introduced to it some time saving modifications.
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Trial determinations with the B.~.C. method on a samp1e

solution of pure estrogens gave good reooveries of estrone,

equi1in and equi1enin. Therefore this co1orimetrio method

was used to analyse the mother liquors obtained from the ke

tonie strong phenols after remova1 of estrone. ~he resu1ts

obtained showed that these mother 1iquors oontained 15 mg. of

equi1in, 11.25 mg. of equi1enin and 37.5 mg. of estrone.

ffrom these resu1ts it was evident that the pregnant mare used

in this investigation exoreted very smal1 quantities of equi1

in and equilenin and relatively large amounts of estrone. Our

next problem was to find a method of separating these three

estrogens.

In 1935, Duschinsky and Lederer (97) described a pro

oedure for the separation of estrone and equi1enin by absorp

tion ohromatography. ~hese authors used orude estrogen ex

tracts from marets pregnancy urine and adsorbed them from beB

zene on co1umns of oaloium oxide or aluminum oxide. After

eluting with benzene, the course of chromatography was followed

by observing the different pigments formed along the length

of the oolumn. ~rom the caloium oxide column it was possible

to iso1ate estrone; but the a1uminum oxide co1umn yielded both

estrone and equilenin. No equi1in was iso1ated by either

method. The estrogens thus separated were impure and oould

only be purified by numerous recrystal1izations from a1oohol.

In view of the sma11 quantities of the three estrogens present

in the mother liquors of the ketonic strong phenols, no attempt
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was made to use the above method to separate them. Veitch

and Milone (98) found that estrone and equilenin can be

separated by chromatography of their 2,4-dinitrophenyl

hydrazones on alumina. ~his method has never been applied

for the separation of the estrogens present in extracts of

mare's pregnancy urine. Banes, Carol and Haenni (99) have

succeeded in separatlng a large number of isomeric estrogens

with a novel method of partition chromatography. These in

vestigators adsorbed the estrogens on a column of Celite

previously impregnated with 0.4N NaOH (stationary phase) and

fractionally eluted them with benzene (mobile phase). This

method of chromatography has been applied for the resolution

of isoequilin A into its component ketosteroids (100). Among

the components of isoequilin A there were also found small

amounts of equilin and equilenin which were eluted rrom the

üelite column. Equilin was the tirst to be eluted and equil

enin separated in the final fractions. In a private communica

tion, Dr. J.Carol stated that trom his experience in separating

closely related estrogens, equilenin should readily separate

trom estrone and equilin on the Celite column, but that equilin

would separate trom estrone only on rechromatography of the

zone where the two overlap.

We therefore set out to test this method of chromatography

with mixtures or pure estrone, equilin and equilenin. ~he un

esterified b.Q.G. reactlon was used to analyse the fractions eluted.
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AS was previously mentioned, this reaotion is only sensitive

to equilin and equilenin and as a result the fractions eluted

containing pure estrone can be readily detected. In trial

experiments using the pure estrogens, it was found that the

best separation of estrone, equilin and equilenin was obtained

when 10 ml. portions of benzene were eluted. ~hese trial ex

periments showed that on the average pure estrone is eluted

from the Celite column in the first nine fractions. The next

ten fractions eontained the zone of overlapping of estrone and

equilin while pure equilenin was eluted in the last six fractions.

When the eluates eontaining a mixture of equilin plus estrone

were reohromatographed on the ûelite column, only 38% of the

equilin separated in pure forme Thus there was always a portion

of the equilin 'whioh remained in admixture with estrone. On the

basis of the above results it was oonoluded that this method of

Oelite chromatography was capable of effecting a separation of

urinary estrone, equilin and equilenin.

A number of reflnements were introduced in the chroma

tography of the mother liquors from the ketonic strong phenols

because it was known that this fraction eontained highly radio

aotive materia1. It was thus possible to analyse each frac

tion eluted from the velite column for both its B.Q.U. colori

metrie content, and its 014 oontent. ~his made it possible to

follow the estrone eluted from the column uslng the following

procedure. In the B.Q.C. procedure, the colored complexes of
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equilin and equilenin were dissolved in chloroform and this'

solution served for the determination of the optical density.

Prior te reading the optical density, the chloroformic solu

tions were washed with 20 ml. of 10% sodium hydroxide. ~his

treatment removed brown by-products formed from the excsss

B.Q.C. reagent during the course of the reaction. Since

estrone does not react with the B.Q.C. reagent it ia free to

distribute itself between the alkaline phase and the chloro

form phase. In a separate experiment it was found that under

the conditions employed in the B.~.C. reactlon, the partition

coefficient of estrone between chloroform and 10% sodium

hydroxide is 3.0. Because the specifie activity of the estrone

isolated is 37,650 d./min./mg., only very minute quantities of

it need enter the alkaline phase to be detected. Therefore

the alkali washes of the chloroform solutions were acidified

and the estrone present was extracted with ether. The ethereal

solutions were evaporated and the residues were dissolved in

ethanol and assayed for radioactivity. This procedure made it

possible te detect the zone where estrone and equilin over

lapped and the fractions in which pure equilin was eluted.

The mother liquors from the ketonic strong phenols ob

tained after fractlonal crystallization of the estrone were

chromatographed on Celite prevleusly impregnated with O.4N NaOR.

Each eluted fraction was analysed by the methods described

above. Ghromatography of these mether liquors on uelite yielded
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fractions containing pure estrone and pure equilenin. In

addition, a small amount of equilin was eluted. However, the

major portion of the equilin was eluted in admixture with

estrone. These latter fractions were rechromatographed on

Celite and an additional amount of equilin separated from the

estrone. rl.Q.C. analysis showed that the equilenin eluates

from the first Celite column contained 3.92 mg. of material,

while the amount of material present in the combined equilin

eluates from both chromatograms was 7.89 mg. From the first

chromatogram 8 mg. of estrone (m.p. 256-2580 C, specifie activ

ity 37,620 d./min./mg.) were isolated .and characterized.

The equilenin eluates (3.92 mg. by ~.Q.C. analysis) from

the first chromatogram could not be induced to crystallize

because of the large amounts of impurities present in this

fraction. On the basis of the colorimetrie assay and total

radioactivity present in this fraction, the specifie activity

of the ~.Q.C. positive material was calculated to be 413 d.

/min./mg. That equilenin was present in this fraction was re

vealed by the absorption peak it gave at 540 mu. Equl1enin

ls the only estrogen havlng an absorption peak in this region

of the ultraviolet spectrum. (56). The ultraviolet spectrum

in sulphuric acid given by the equilenin eluates corresponded

closely to that obtained with authentic equilenin. It was

therefore concluded that the equilenln eluates did Indeed con

tain equilenin.
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The combined equilin eluates from both ûelite chromato

grams consisted of oily material which could not be induced

to orystallize from either ethyl acetate. 95% ethanol or 80%

aqueous methanol. .rseall and Edson (59) found that 80% aqueous

methanol is a very effective solvent for orystallizing equilin.

but these authors had very large quantities of the hormone to

work with. whereas here we were dealing with milligram amounts.

In view of the fact that the equilin eluates failed to orystal

llze. an attempt was made to separate the steroids from the im

purities in this fraotion by distillation under high vacuum.

]'raotional distillation at low pressures as a method of purify

ing crude urinary estrogens was first introduced by Herrmann

(lOI) in 1915. In subsequent years this technique has been

widely used to purify urinary estrogens.

Sublimation of the equilin eluates under high vacuum

yielded 6.42 mg. of semi-crystallized material. This material

crystallized from ethyl aoetate to give 2.28 mg. of brown
ocrystals. melting at 238-242 G. These crystals showed a de-

pression in melting point on admixture wlth authentic equilin

but the melting point was not depressed on admixture with au

thentic equilenin. The ultraviolet spectrum of this crystalline

material corresponded cl08ely with the spectrum of equilenin

published by Dirsoherl and Hannusch (102) and by Hirschmann

and Wintersteiner (36). In particular this material showed an

absorption maximum at 340 m}!•• which is located in a range where
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no other estrogen but equilenin absorbs light. From the extinc

tion coefficient at 340 mp. it was calculated that the crystal

line material in the equilin eluates was 83% equilenin. The

ultraviolet spectrum of this crystalline material in sulphuric

acid corresponded closely to the spectrum obtained with authentlc

equilenin, except the region 320-380 mp. ln this reglon, equilin

exhibits its maximum absorption. It was theretore concluded that

the equilin eluates contained equilenln contaminated with a small

amount of equilin. Zaffaroni (92) round that when two steroids

are subjected to treatment with 8ulphuric acid, the resulting

absorption spectrum Is identical with the curve obtained by in

tegration of the spectra of the two substances. This is in agree

ment with the observations made in this laboratory. The specifie

activity of this equilenin l83% pure) was found to he 380 d./min.

/mg. Since the specifie activity of the isolated estrone was

37,650 d./min./mg., contamination of the equilenin with 1% of

this estrone was sufficient to account for the specifie activity

of the former. In order to ohtain confirmatory evidenee for the

identity of the isolated estrogens, attempts were made to find

a method of paper chromatography that would separate estrone,

equilin and equllenin.

To our knowledge, there are only two published methods for

the separation of estrone, equilin and equilenin on paper. Al

though there are a number of systems that will separate estrone,

estradiol-17~ and estriol on paper, it does not necessariIy

follow that these chromatographie systems will separate estrone,
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equilin and equilenin. The first method for the separation

of estrone, equilin, and equilenin was described by Heftman

(103). He found that the estrogens when diszotized with ~ast

Black-8alt-K, can be readily separated by a number of solvent

systems. This method could not be used to advantage in this

investigation because we were not dealing with highly purified

estrogens. ~oscott (104) has recently published a novel meth

od for separating estrone, equilin and equilenin on paper

strips. He impregnated Whatman No. 3 paper strips with a

saturated solution of sodium p-toluenesulphonate and used

toluene equilibrated with the latter as a mobile phase. In

our hands this method was effective in separating estrone,

equilin and equilenin. The Rf values obtained were 0.55 for

estrone, 0.25 for equilin and 0.10 for equilenin. Using this

method of chromatography it was found that the material present

in equilenin eluates exhibited the same Rf value as equilenin

and travelled with equilenin in mixed chromatography. The

crystalline material isolated from the equilin eluates, when

chromatographeê with this method also exhibited the Rf value

of equilenin and travelled with the latter in mixed chromat

ography. rtowever this method of chromatography was abandoned

because it gave inconsistent results and the separated estrogens

could not readily be eluted from the paper strips.

Paper strips impregnated with sodium hydroxide were not

e~fective in separating the estrogens, although Gelite impreg-
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nated with sodium hydroxide does separate astrone, aquilin

and equilenin. Likewise, paper strips impregnated with

propylene glycol as a stationary phase and using toluene or

benzene as the mobile phase was not effective in separating

estrone, equilin and equilenin. With this system estrone

can beseparated from equilenin but not from equilin. ~his

methad has been successfully used by Burton, Zaffaroni and

Keutmann ll05) for the separation of adrenocortical steroids

on paper.

The chromatography system which was most effective in

separating estrone, equilin and equilenin was o-dichloroben

zene-formamide-methanol ll:l}. This system has recently been

described by Axelrod (106), who used it for the separation

of estrone, estradial-17fi, and estriol. The Rf values found

for estrone, equilin, and equilenin were 7.4, 5.5, and 4.0,

respectively. With this system it was possible to elute the

estrogens from the paper strips with absalute Methanol and to

do mixed chromatograms. Using this system it was again round

that the equilenin eluates contained equilenin and that the

crystalline material isolated fram the equilin eluates was

equilenin. It was previously shawn that there is always a

zone on the Uelite chromatogram where equilin and estrone over

lape When the fractions corresponding to this zone were

chromatographed, using the above system, it was found that

aquilin was not completely separated from estrane. This is
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probably due to the large amounts of estrone left in this

fraction, although sorne had been previously removed by

crystallization. When an aliquot of this fraction was dis

solved in sulphuric acid, and the absorption spectrum of

the solution was determined, the resulting curve (Fig. 4)

was identical with the curve that is obtained by integrating

the spectra of estrone and equilin. Thus, it was established

that e~uilin was present in the eluates from the Celite

chromatogram, but its isolation has not as yet been accom

plished.
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In conclusion it should be stated that estrone of relative-

ly high specifie aetivity was isolated from the urine of the

pregnant mare injeeted with estrone-16-014• Equilenin of very

low specifie aetivity was isolated from the same urine. There

is some evidenee which suggests that equilin was converted to

equilenin on sublimation of the impure equilin eluates obtained

from the Celite ehromatogram. It has been shown that estrone

is not appreciably converted to the ring B unsaturated estrogens,

sinee the isolated equilenin eontained about 1% of the radio

aetivity present in the isolated estrone. ~hus, if 64 pg. of

equilenin are assayed for 014, there need only be 0.64 pg. of

estrone present to give the radioactivity observed for equilenin.

It may very well be that the radioactivity observed in the

isolated equilenln was due to estrone.

From the results presented above it ean be safely stated

that estrone i8 not eonverted to equilenin and it i5 probably

not eonverted to equilin. In~iewof these findings, Girard's

theory (34c) concerning the conversion of estrone to equilin

and equilenln 15 no longer valld. These negative results how

ever do not reveal mueh concerning the va1idity of the theory

postulated by Doisy et al. (65). To test this theory, 014

labe1ed equilin and equilenin would have to be administered

to a pregnant mare in order to aseertain whether these ring B

unsaturated estrogens are converted to estrone.
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2. Experimental

AlI melting points were taken on a Fisher-Johns melting

point apparatus, standardized with reference samples supplied

by Arthur H.Thomas and Company. All values are corrected.

C14 determinations were recorded on a Nuclear Instrument

and Chemical Corporation 64-scaler unit working in conjunction

with a Nuclear Instrument and Ghemical Corporation windowless

Q-gas tlow counter, or a Tracerlab three stage windowless Q-gas

tlow counter. A standard plate was counted with all samples

assayed. The radioactivity of all samples was determined to

within 2% probable error (107,108) and this observed radio

activity was corrected for background radiations. Specifie

activities were expressed as disintegrations/minute/milligram

(d./min./mg. )

Pure crystalline compounds were counted as infinitely

thin plates (84). All crude extracts were counted according

to the procedure described by Yates l29). In the single in

stance where 014 was assayed in the form of BaC03, an infinlte

ly thick plate was made according to the method described by

Calvin et al. (84).

The ultraviolet spectra of steroids in sulphuric acid were

done according to the instruction given by Zaffaroni 19l). The
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spectra were recorded on a model D.U. Beckman spectrophotometer

equipped with a photomultiplier.

unless otherwise stated, U.V. spectra were recorded in

95% ethanol using the Beckman spectrophotometer.

The diethyl ether used in all extraction procedures was

rendered peroxlde free by the method described by Venning ll09).

The undenatured 95~ ethyl aloohol was purified tirst by

refluxing for one hour with 5% zinc dust and 5% KOH, and then

by distillation.

Authentic samples of equilin {m.p. 236-239°0, [~~O ~ 309°

(1% dioxane) ) and equilenin (m.p. 255-256°0, [~J~O ~ 86°

(l% dioxane) ) were kindly donated by Dr. D.Beall, of Ayerst

MoKenna and Harrison Ltd., Montreal, Quebeo. Estrone,

(m.p. 258-260°0, [o(J~O _159° (1% dioxane) ) was obtained

from the Oharles E.Frosst 00., Montreal, Quebeo.

.....
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(a) Solution of Estrone-16-C14 (].) for Injection.

Since estrone is insoluble in isotonie (0.9%) saline,

experiments were designed to determine the minimum quantity

of aloohol necessary to keep estrone in solution in the

presenoe of saline. ~y trial and error, it was found that

the slow addition of 130 to 135 ml. of saline did not pre

eipitate the estrone (~. 10 mg.) dis80lved in 40 ml. of

ethyl alcohol. Acoordingly, 9.82 mg. of estrone-lô-C14,

6containing 25.53 x 10 d./min., were dissolved in 42 ml. of

absolute ethanol, and to this solution was added dropwise

and with stirring 130 ml. of isotonie saline. The saline

was added slowly because once the estrone is precipitated

it eannot be induced to redissolve. The 24% aleohol saline

solution containing the C14_estrone was autoolaved and trans

ferred to a blood infusion apparatus.

(b) Administration of Estrone-16-C14 to the Mare.

The solution containing the C14-estrone was infused into

the jugular vein of a Clydesdele mare in her ninth month of

gestation. The time of infusion wes two minutes.

(e) Collection of Blood. Urine and Feoes.

Fifty ml. of blood was collected from the jugu1ar vein

of the mare immediate1y efter injection, and 1100 ml. was

co1lected 1.5 hours after injeotion. The b100d was preserved
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with 3.2% trisodium citrate and shipped te Montreal in con

tainers surrounded with ice.

ny means of a rubber tube attached to the vulva of the

mare, urine was collected for 72 hours fellowing injection

of the C14-estrone. Each sample of urine collected was

acidified to pH 3 with 6 N HCl, covered with a layer of

toluene, and stored in the cold. The total volume of urine

was 13.5 litres.

~eces were collected for 72 hours following the adminis-

tration of the labe1ed estrone and preserved under a cover

of chloroform.

(d) Fractionation and c14 Assay of the ~lood.

The blood was assayed and fractionated by Dr. F.Peron

in this laboratory. The experiments described here were of a

preliminary nature and the data obtained should be considered

as qualitative. The sample of blood taken from the pregnant

mare immediately after injection of the labeled estrone did
14not contain detectable amounts of C • The second sample of

b100d (1100 ml.), taken 1.5 hours after injection of the C14

-estrone, was separated into cells and plasma (?20 ml.) by

centrifugation. A 50 ~. aliquot of this plasma was treated

with sodium tungstate and copper sulfate and the precipitated

proteins were removed by centrifugation. The supernatant was

extracted five times with an equal volume of ether, and the

combined ether extracts taken to dryness. The ether extracts



51

were made up to a known volume and an aliquot was assayed for

radioactivlty. There was no detectable radioactivity ln these

extracts.

The precipitated proteins were extracted three times with

twlce their volume of 95% ethanol. The alcoh01ic extracts

were reduced to a sma1l volume and diluted to 10 ml. in a volumet-

ric flask. One ml. aliquots were plated and assayed for radio

actlvity. The count obtained was 43 d./min. above background.

Therefore the plasma proteins obtained from 1100 ml. of blood

contained 6,192 d./min.

(e) Hydrolysis ot Urine.

When 5 litres ot urine had been col1ected, it was acidified

to ph 1 with concentrated Hel, covered with an equal volume of

toluene, and the mixture hydrolysed by refluxing for two hours.

During the hydrolysis of half the urine collected on the second

day, the C02 evolved trom acidification of the carbonate buffers

was trapped in 250 ml. of l N NaOH. The 002 was converted to

HaC03 by the addition of 10.9 g. of NH4C1 and 122 g. of baC12

to the 1 N NaOH solution. The precipitated ~ac03 was centrifuged,

washed twice with 20 ml. portions of H20 and twice with 20 ml.

portions of ethyl alcoh01. After drying at 12000 for 2 hours,

the Ha003 weighed 23.95 g. An a1iquot of this Ba003 was p1ated

as an alcoho1 s1urry on an aluminum p1anchet and, after evapora

tion of the a1cohol, was counted. The tlaC03 did not contain

any detectable 014•
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{f) Fractionation of the Urine.

After hydrolysis of the urine, the toluene layer was

separated and the urine was extracted twice with a half volume

of toluene. The toluene extracts were concentrated to 3.7

litres on the steam bath in vacuo and an aliquot was removed

for assay of its 014 content. A scheme of the complete

extraction procedure used is shown in ~jigure 5, p. 53.

The aqueous urine was filtered with the aid of suction

and the solid residue was saved for further analysis. The

filtrate was concentrated on the steam bath in vacuo to 3.5

litres. Each alkali phase was back extracted with 1 x 1/2

volume of toluene, and the toluene washes were pooled for

further extraction. The acids_ strong phenols, weak phenols,

and neutrals were dried overnight in a vacuum dessicator_

weighed, dissolved in absolute methanol and made up to a known

volume in volumetrie flasks. ~he strong phenols could not be

dried to a viscous oil and, as a result, their true weight

could not be obtained.
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(g) C14 Assay of the Excreta.

The resu1ts derived from the C14 assay, by the method of

Yates (29), of the fraction resu1ting from the extraction of

the urine are tabu1ated be10w. An a1iquot of the aqueous urine

was first neutra1ized and then assayed for 0 14 , same Methode

Table II

C14 Assay of Excreta.

Fraction Weight Radloactivity 6 %of injected
in gm, in d./min. x 10 dose.

Injected dose 25.53
Aqueous urine 2.566 10.04
Ch10rof'orm
extract of feces 0.00 -_.._~
To1uene extract
of urine ?5'71 29.60

%of Toluene
extract

Acids
otrong phenols
Weak phenols
Neutra1s
'rIotaI

16.335
Il.109
0.351
7.026

0.076
5.157
2.16'7
1.131
8.531

1.001
68.20
28.70
14.98

112.9

lt i8 to be noted that of the injected dose, 39.64% of

the radioactivity was recovered in the urine, of which 74.70%

was to1uene extractible after acid hydro1ysis.
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lh) Fractionation and 014 Assay of the Feces.

The faces, which were preserved in chloroform during the

72 hours collection period, were separated by filtration on a

Buchner drum. The residual material was shaken three times

with an equal weight of chloroform and the chloroform was

separated by filtration. There was a slight1y oily residue

(191 lbs.) remaining after this treatment. In aIl, 70 gallons

of ch10roform were used. The chloroform extracts were reduced

to a volume of 7 litres by distillation in a 10 gallon still.

When this extract was assayed for 014 ; using the method of

Yates (29), no radioactivity was found.

350 g. of extracted fecal residue was leached three times,

in a waring blendor~ with 100 ml. portions of water. The

aqueous extract was reduced to a small volume 1!!. vaouo and an

aliquot was removed for 014 assay, but no radioaotivity could

be detected. Likewise, the residue left from this leaohing
14

process , did not oontain any 0 •

Half of the chloroform extraot (3.5 L.) of the feoes was

subjeoted to the sarne fractionation procedure outlined in

Figure 5. An attempt was thus made to separate the fecal

extracts into acids, "strong phenols", Itweak phenols", and

neutrals. Here, however, heavy emulsions were enoountered at

each stage of the separation and, as a result, only a very

orude fraotionation was realized. ~he fraotions separated
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contained large quantities of residual material, and were

theretore purified by extraction with alcohol. The alcoholic

solutions were centrifuged and adjusted to known volumes in

volumetrie flasks. Aliquots were removed for 014 assay; no

detectable radioactivity was found.

(i) 014 Assay of Saliva.

A sample of saliva was taken 1.5 hours after injection

by absorption on cotton swabs. The cotton swabs were extracted

with ethyl alcohol and the alcohol extract wes ooncentrated

toa small volume under reduoed pressure. A sma11 aliquot of

the alcoholic solution was assayed for radioaotivity. It was

found that the ~~aliva contained about 625 d./min.

(j) Distribution of Estrone_16-c14 Li)
in the Fraotionation ocheme. (Figure 5).

To 100 ml. of aqueous urine buffered with sodium acetate

acetic acid buffer (10 ml.) was added 5 ml. of an alcoholic

solution of estrone-16-c14 containing 1,121,500 d./min. A

seoond solution of aqueous urine was similarly prepared and

it contained 1,015,800 d./min. Both solutions were treated

in exactly the same manner. To the aqueous urine was added

100 ml. of toluene and the estrone-16-c14 was extracted by

the same procedure outlined in Figure 5. The acids, strong

phenols, weak phenols, and neutrals were assayed for 014 by
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the procedure descr1bed by Yates (29). The results obta1ned

trom the fraot1onation are shown in Table III.

Table III

014 Assay of Estrone-16-o14 (Il in Various Fractions.

-
ES'trone-16-o14

Fraotion Recovered in
d./min.

Aqueous urine A- 1,121,500
B- 1,015,800

To1uene extraot A- 859,000
B- 847,800

Aoids A- 15,400
B- 15,100

strong phenols A- 482,650
B- 478,400

Weak phenols A- 250,000
B- 246,500

.Neutrals A- 101,430
B- 92,540

Total A- 849,480
B- 832,540

Average %
Recovery .
trom To1uene.

56.00

29.08

Il.33

99.20

1t is seen trom ~able III that toluene extracts only 80%

of the estrone-16-C14 from the urine. This 1s in agreement

with the values obtained in the actual tractionation of the

acid hydrolysed urine (Table II).
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(k) Partition of Estrone~16-c14 between

Immiscible Solvent Pairs.

The partition of estrone-16-0l 4 between immiscible solvent

pairs was carried out according to the procedure described by

Mather (87). In these experiments, however, 50 ml. portions

of both organic and aqueous phases were used in place of the

100 ml. portions used by Mather.

A standard alcohol solution of 'es t r one...16-ol 4 containing

3,013 d./min./ml. was used in aIl of these experiments. Five

ml. of the standard solution in a 50 ma. Erlenmeyer tlask was

taken to dryness at 6000, under a stream of nitrogen. ~he

residue was usually dissolved in a small volume of the alkaline

phase (except in the case ot 1 N HOl) and was transterred to a

separatory tunnel with the aid of both the alkaline and organic

phases. Care was taken to use not more than 50 ml. of both

phases. The two phases were shaken vigorously for 10 minutes

and were allowed to stand for rive minutes in order to separate.

The organie phase was taken to dryness under redueed pressure,

and the residue was dissolved in absolute methanol and diluted

to 10 ml. in a volumetrie flask. The alkaline layer was

aeidified with 3 N HOI and extraeted three times with 25 ml.

portions of peroxide free ether. The ether solution was taken

to dryness on the steam bath, dissolved in absolute methanol

and diluted to 10 ml. in a volumetrie flask. ~he aleoholie
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solutions of the residues from both phases were assayed for

e14 by the method of Yates (29). The results obtained are

shown in Table IV. These axperiments were carried out in

duplicate and on the average, the error incurred was 5%.

Table IV

Partition of Estrone-l6-C14 between Immiscible Solvent Pairs

Solvent .Pairs

Aqueous Phase Organic Phase Fraction of total
50 ml. (a) 50 ml. (b) estrone in (b) after

equilibration.
%

0.1 N NaOH Toluane 52.3

lN NaOH Toluene 17.6

5% Na2C03 Toluene 99.0

10% Na2C03 Toluene 95.0

10% NaOH Chloroform 16.9

lN HCl Ethyl Ether 92..0

(1) Isolation of Hippuric Acid.

The reddish-brown solid which precipitated during

hydrolysis of the urine was collected by filtration, dried in

the oven at 1000e and dissolved in 95% alcohol. Most of the

material was alcohol soluble (large volumes needed). Crystal

lization from alcohol yielded light brown needles (m.p. 174

180°C). This material was purified by treatment with animal
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charcoal and crystallization trom ethyl alcohol. The m.p. of

this purified materia1 was 186-1890C. The me1ting polnt of

this materla1 ls very close to that reported for hlppuric acid.

On admixture wlth authentic hippuric acld, there was no de..

pression in m.p. The iso1ated hippuric acld was counted as

an infinite1y thin plate (36pg/cm~); it did not contain any c14•

(m) Fractionation of the Strong Phenols into

Ketonic and Non-Ketonic Portions.

The separation of the strong phenols into ketonic and non-

ketonic fractions was carried out fol1owing the method described

by Girard and Sandulesco (89). The Girard reaction will be

described here in detai1. In aIl other instances where thls

reaction is encountered, only the quantities of the reagents

used and results obtained will be given.

ln) Reagents Used.

Absolute ethanol was prepared from commercial absolute

ethanol 199.8%) by the method descrlbed by Manske (110).

Girard's Reagent T. (trimethylaminoacetohydrazlde) was

recrystallized from absolute alcohol and stored in a vacuum

desiccator over CaCIa.

The glacial acetic acid used was purified by refluxing

with 5% KMn04 for one hour and then co1lecting the fraction
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disti11ing at 114-11500. The aoetio aoid was titrated

against NaOH (~. 2 N) and this a1ka1i was used to neutral

Ize the aoid in the Girard reaotion.

Wherever neoessary, the pH of the solutions was adjusted

using the Beokman pH meter.

Before applying the Girard reaotion to the strong phenols,

an attempt was made to remove the 1ight volatile oils under

high vaouum. However, aIl efforts met with tailure beoause

of bumping, in spite of the precaution (boiling ohips, glass

wool) taken to avoid it. Therefore the separation was oarrieê

out in the presence , of these light oils.

The strong phenols (11.09 g. of oils, containing 5,157,000

d./min.) were dissolved in 200 ml. of absolute alcohol and to

the solution was added 10 g. of Girardts reagent T and 20 ml.

of glacial aoetio acid.U The mixture was ref1uxed for one

hour and then poured into 1800 g. of an ice water mixture##

oontaining sufficient NaOH to neutralize the acetic acid

present. The pH of the solution was quickly adjusted to

~. pH 6.8 (range 6.5-6.0) with the use of dilute acid or

alka1i and was extraoted with 500 ml. of peroxide free ether.

# In this reaotlon, 5 to 10% Girard's Reagent T and 10%
glaoial aoetio acid in absolute ethano1 was used throughout.

## The amount ot ice-water added was oa1oulated to give a
final concentration of not more than 10% a1cohol.
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Tarry oi1s saparated at the interface between the ether

and the aqueous phase. These brown tars were not soluble in

ether but were soluble in ethyl alcohol and acetone. The

tarry oi1s (0.47g.) were dissolved in alcohol and the alco

holic solution was reduced to dryness in vacuo.

The pooled ether extracts were washed with 3 x 200 ml.

of water and these water washes were combined with the resid

ual aqueous solution. ~he ether was removed by distillation

on the water bath, and the last portion was evaporated in vacuo.

The residue thus obtained constituted the non-ketones, and

weighed 7.358 g. The aqueous solution containing the water

soluble uirard complex of the ketones was adjusted to pH 1 with

6 N H2S04 and allowed to hydrolyse at room temperature for

1 hour. This aqueous solution was then extracted with 4 x 525

ml~ portions of peroxide free ether and the pooled ether ex

tracts were washed with 3 x 200 ml. portions of water. ~he

ether solution was reduced to dryness on the water bath, and

suotion was applied at the end of the distillation to prevent

overheating of the residual ketones. The weight of this

ketonic fraction was 0.462 g.

All the orude urinary extracts were assayed for their ü l 4

oontent as follows. The extraots were diluted to a definite

volume with absolute Methanol, caloulated to give a final con

centration of about 1.80-2.0 mg./ml. Two one ml. aliquots were
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removed for assay by the procedure described by Yates (29).

Following this method, the values obtained for the ketones,

non-ketones and tarry oils were 2,140,950; 221,730: and

928,280 d./min. respectively.

(0) Girard Separation of the Tarry Oils.

The tarry oils (0.470 g., 221,730 d./min.) were dissolved

in 50 ml. of absolute ethyl alcohol and to this solution was

added 5.01 g. of Girard reagent T plus 5 ml. of glacial acetic

acid. After the mixture was refluxed for one hour, it was

poured into 450 g. of ice-water, containing sufficient NaOH

to neutrAlize the acetic acid present. The non-ketones were

separated from the ketones as described above. The amounts of

ketones and non-ketones were 0.093 g. and 0.016 g. respectively.

However, the ketones contained 177,400 d./min. (80% yield),

whereas the non-ketones only contained 4,650 d./min. (2% yield).

(p) Girard reaction on the Non-Ketones.

The non-ketones (7.358 g., 928,280 d./min.) were disso1ved

in 150 ml. of absolute a1cohol and to this solution was added

7.4 g. of Girard reagent T plus 15 ml. of glacial acetic acid.

The mixture was ref1uxed for one hour and then poured into

1,350 g. of an ice-water mixture containing sufficient NaOH

to neutra1ize the acetic acid present. Separation into ketones

and non-ketones was carrled out as described above. The weight
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of ketones and non-ketones was 0.140 g. and 6.934 g. respective

1y. Assay for 014 showed that the ketones contained 14,890

d./min., whi1e the non-ketones contained 806,500 d./min.

The combined ketones weighed 0.595 g. and contained

2,332,840 d./min~, whi1e the combined non-ketones weighed

5.95 g. and contained 811,150 d./min.

(q) Attempt to form Egui1enin Picrate.

In trial experiments 5 ml. of a saturated alcohollc solu

tion of picric acid was pipetted into centrifuge tubes contain

ing 5, 10, 15, 20 and 25 mg. of equi1enin. The tubes were

warmed on a steam bath to dissolve the equi1enin and were left

overnight at room temperature to a110w the picrate to crystal

lize. The tube containing 20 mg. of equilenin yielded 29.80 mg.

(80% yield) of equilenin picrate. This quantity of picrate

could be isolated with great ease. The picrate melted at

208-212°0 which compares favorably with the value 205-208°0

quoted by Girard et al.(34c).

The combined ketonlc strong phenols (0.695 g., 2,332,840

d./min.) were dissolved in alcohol saturated with picric acid

(20 ml.) and set aside overnight at room temperature to

crystallize. The crysta1s which separated were fi1tered and

washed with co1d 95% ethanol and dried overnight in a vacuum

desiccator. These crysta1s me1ted at 248-250°0 and the m.p.
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was not depressed on adm1xture w1th authentic estrone.

(rn.p. 258-26000). The weight of these crystals was 3.4 mg.

The mother liquors, containing the bulk of the ketonic

strong phenols and possibly some equilenin picrate and free

picric acid in solution, were concentrated to dryness in vacuo

at 6000. The ye110w residue was d1ssolved in 100 ml. of

peroxide free ether and the ether solution was washed first

with 6 x 25 ml. portions of 1% Na2C03 and then w1th 3 x 10 ml • .

portions of water. The combined aqueous washes were back ex

tracted with 2 x 25 ml. portions of ether. ~he combined ether

solution was reduced almost to dryness by distillation of the

ether on the steam bath. The last portions of ether were re

moved with the aid of suction. The residual ketones were dried

by azeotropic distillation with dry benzene, weighed, and then

diluted to a known volume with Methanol. The weight of the 

ketonic strong phenols was now 0.265 g. and it contained

2,314,540 d./min.

(r) Praotional Crystalllzation of Estrone.

The ketonic strong phenols contained in a 50 ml. centri

fuge tube were dissolved in 25 ml. of absolute ethyl a1cohol

and allowed to stand at room temperature overnight. The small

needles which precipitated were separated by centrifugation and

then were washed with a small quantity of absolute ethyl alcohol.
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by thls prooedure, 5 orops of crystals welghing a total of

40 mg. were separated trom the ketonic strong phenols.

crop 3 (24 mg.) was recrystallized trom absolute methanol

and yielded 20 mg. of colorless crystals. After drying

overnight in a vacuum desiocator this material melted at

260-268°0, and on admixture with authentio estro~e lm.p. 258

260°0) the m.p. obtained was 259-262°0. In ultraviolet

light this material exhibited only one absorption maximum at

281 mp (log ~ 3.44). The U,V. absorption spectrum in sulfuric

acid ot this substance was identical with that obtained with

authentic estrone (Fig. 6, p. 67). From the above evidence,

the substance isolated was judged to be pure estrone. The

isolated estrone had a specifie actlvitjr of 37,650 d./min./mg.

when counted as an intinitely thin plate (4 ps./cm2.>.

(s) Oolorimetric Determination ot Estrone,

Eguilin and Eguilenin.

The colorimetrie methods used were originally described

by ~anes (95) and lated modified by Grant and ~eall (96).

Reagents and Apparatus:

Benzensulfonylchloride: Reagent grade benzenesulfonyl

chloride was further purified by distillation in an aIl glass

apparatus. This reagent was stored in the dark.

Pyridlne: Pyridlne was distilled trom solid KOR and

stored over ~aO.
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Buffer Solution: Acetate buffer was prepared by dis

solving 220 g. of CH3000Na.3H20 in 600 ml. of Water eontain

ing 20 ml. of glacial acetic acid. The solution was diluted

to l litre in a volumetrie flask.

B.Q.C. Reagent: A 0.5% solution of reagent grade dibromo

quinonechloroimide (B.~.C.) in ethanol was prepared just prior

to use. A fresh solution of B.Q.C. had to be made for eaeh

determination beeause it ls light sensitivé and deteriorated

progressively in light. The solid reagent was stored in a

vacuum desieeator in the dark.

Kober-Haenni Reagent: To a solution of 1.054 g. of

Fes04.(NH4)~04.6H20 (Mohr's Salt) in 20 ml. of H20 was added

1 ml. of 30% H202• The solution was heated and mixed till

effervescence eeased and then diluted to exactly 50 ml. Three

volumes of this solution (6 ml.) was diluted in a 200 ml.

volumetrie flask with eoncentrated HZS04•

U.S.P. phenol was redistilled, and tared in a glass

stoppered flask. The phenol was solidified by p1acing the

tared flask in an ice bath, and to ensure complete erystal

lization, the top crust was broken with a glass rode The

tared f1ask was weighed, and to the phenol was added 1.13

times its weight of iron-sulfuric acid solution. The flask

was stoppered and allowed to stand without cooling but with

occasional shaking until the phenol liquefied. The mixture

was then shaken vigorously and allowed to stand in the dark
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for 24 hours. To this mixture was added 23.5% ot its weight

ot a solution ot 100 volumes ot H2S04 in 110 volumes of H20

and the resulting viscous solution was shaken to obtain com

plete homogeneity. ~his stock solution was stored in a

glass-stoppered bottle in the dark. Betore removing an

aliquot, the stock solution was shaken vigorously.

For Kober determinations, 10 ml. ot the stock solution

was diluted to 100 ml. with 24 N H2S04 Just prior to use and

the mixture was shaken vigorously to obtain complete homo

geneity.

In aIl these colorimetrie determinations, the optical

density was determined with the use ot an Evelyn photometer

equipped with the appropriate tilters.

Standard solution: Approximately 37.5 mg. ot pure estrone,

equilin and equilenin were accurately weighed on a Gram-atic

balance and diluted with 95% ethanol to 500 ml. in volumetrie

flasks. The concentrations ot estrone, equilin and equilenin

were 75.12, 74.82, and 74.98 pg./ml. respectively. The

standard solutions were stored in dark, plastic covered bottles.

Sample solution: The sample solution used was prepared

as described aboya. It contained 4.62 ~g./ml. ot estrone,

41.00 pg./ml. of equilin and 19.34 pg./ml. of equilenin.
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B.Q.C. Reaction after Esterification.

Two 5 ml. aliquots of the sample solution, contained in

50 ml. Erlenmeyer flasks, were carefully evaporated just to

dryness at 600C under a stream of nitrogen. A similar treat

ment was given to a 5 ml. alcohol blank and a series of alco

holic solutions containing respectively, 37.41 pg., 74.84 ~.,

and 149.64 pg. of equilin, 99.92 pg. of equilenin and 751.20 pg.

of estrone. The flasks were immediately placed in a vacuum

desiccator and dried for 1 hour. Two ml. of dry pyridine and

0.2 ml. of benzenesulfonylchloride ware pipetted into each

flask and esterification was allowed to proceed for 12 hours

at room temperature. Fifteen ml. of H
20

was added to each

flask with shaking. The contents of the flasks were then washed

into a 125 ml. separatory funnel with the aid of 2 x 10 ml.

portions of H20 and 20 ml. of CHCl3• The separatory funnels

were shaken vigorously for exactly one minute and the chloroform

layer was separated into a 50 ml. glass-stoppered Erlenmeyer.

The aqueous phase was again extracted with 20 ml. of CHCl3 and

the combined chloroform extracts were taken to dryness under

N2 at 60°C. To each flask was added 2 ml. of ethanol and the

residues were dissolved by gently warming the stoppered flasks

on the steam bath. The flasks were cooled and te each was

added 4.0 ml. of buffer solution and 2.0 ml. of 0.5% B.~.C.

reagent. Coler development proceeded at reom temperature for

4 hours.
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The contents of the flasks were then rinsed into separa

tory funnels with exactly 15 ml. of GHG13 and mixed carefully.

To each separatory funnel was added 20 ml. of 10% NaOH and

the mixture was immediately shaken vigorously for exactly one

minute. The CHC13 layers were allowed to separate and then

filtered into calibrated colorimeter tubes through filter paper

containing anhydrous Na2S04• The optical density of the sample

solutions and of the standard solutions were determined relative

to the blank usine a 565 mp filter. In a separate experiment,

conducted as described above, a standard curve for esterified

equilin was constructed using 37.41 ~., 223.86 pg., and

299.28 pg. of equilin. (Fig. 7, p. 72).

The ~.Q.C. Reaction.

Two 5 ml. aliquots of the sample solution were pipetted

into test tubes (2.5 x 12 cm.) fitted with standard tapered

joints (24/40). A 5 ml. alcohol blank was prepared in the sarne

manner as weIl as a set of alcoholic solutions containing

respectively 37.49 ~g., ?4.98 pg. and 149.96 pg. of equilenin,

50 pg. of equilin and 375.6 pg. of estrone. The final volume

in each tube was adjusted to 5 ml. with 95% ethyl alcohol. ~o

each tube was added 5.0 ml. of buffer solution and 1.0 ml. of

0.5% B.Q.C. reagent. ~he tubes were incubated for 5 minutes

in a bath thermostatically controlled at 700 U and were then

immediately cooled in ice water.
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The contents of each tube were rinsed into a separatory

funnel with the aid of exactly 15 ml. of OH013 (the chloroform

was pipetted with the aid of suction) and mixed by careful

shaking. To each separatory funnel was added 20 ml. of 10%

NaOH. After vigorous shaking for one minute the chloroform

layer was allowed to separate. The clear chloroform solution

was filtered through fil ter paper containing anhydrous Na2S04
into calibrated colorimeter tubes. Optical densities of the

sample solutions and the standard solution were read relative

to the blank in the ~velyn Photometer using a 540 m~. filter.

In a separate experiment a standard curve of equilin and

equilenin was constructed lFig. 8, p. 74} by subjecting a

series of alcoholic standards to the process described above.

Kober Reaction.

Tan ml. of Kober-rtaenni reagent was slowly added to

duplicate 1 ml. aliquots of the sample solution in standard

tapered tubes. The tubes were vigorously shaken during the

addition of the reagent and for a few minutes after. oimilar

treatment was applied to a 1 ml. alcohol b1ank and alcoholic

solutions containing 18.78 pg., 37.58 pg. and 75.12 ~g. of

estrone respectively, 74.82 pg. of equilin and 75.12 pg. of

equilenin. The loosely stoppered tubes were incubated at

75-8000 for 2 hours in a thermostatica1ly controlled bath.
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Then the tubes were cooled in an ice bath, mixed by shaking

and allowed to stand at room temperature for 15 minutes.

The contents of each tube were poured ~nto a ca1ibrated

colorimeter tube. The optical densities of the samp1e solu

tions and standard solutions were determined, relative to

the b1ank, in the Evelyn Photometer using a 515 rnt1. filter.

Using the procedure described above, standard curves of

estrone, equilin and equilenin were constructed with the

appropriate standard solutions.lFig. 9, p. 76}.

75
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Caloulations.
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A. The equilin oontent of the sample solution was

oomputed by oomparison of the oolor developed by the aotion

of the B.Q.C. reagent on the esterified sample with the

oolors developed by the equilin benzenesulfonate standards.

It was found t(l:iat "authentio" estrone (isolated from mare ' s

urine) gave a oolor with the B.Q.C. reagent due to oontamina

tion with equilin. Highly purified estrone (4 ~eorystalliza

tions from absolute ethanol) gave no oolor with the B.Q.C.

reagent.

B. Knowing the equilin oontent of the sample solution,

one oan subtraot it from the B.Q.C. oolor obtained without

esterifioation and thus determine the equilenin content of

the sample by comparison with the proper standards.

C. The Kober reaotion is given by equilin, equilenin

and estrone. Knowing the equilin and equilenin content of

the sample, these volumes oan be subtracted from the oolor

developed by the Kober reagent on the sample solution and

the estrone content oan be oomputed by oomparison with the

estrone standard ourve.
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Recoveries of the Estrogens in the B.g.C. Reaction.

When the B.~.C. method was applied to a sample solution

of the authentic estrogens, the following recoverles were

obtained on duplicate determinations.

Recovery of Added Estrogens

Samp1e Estrogen . Average
oolution Recovered Recovery

).lg./ml. llS./ml. ug./ml.

Estrone 41.62 32.5; 34.7 33.6

Equilin 41.00 45.0; 43.2 44.1

Equilenin 19.34 18.2; 19.1 18.6

B.Q.C. Analysis of the Mother Liguors from the

Ketonic strong Phenols.

The mother liquors of the ketonic strong phenols were

diluted to a definite volume containing a final concentration

of 81.2 pg./ml. Aliquots of this solution were used tO

determine the titer of equilin. equi1enin and estrone as

described above. AIl the determinations were done in dup1i

cate. The results obtained from the B.Q.C. analysis indicated

the presence of 15.0 mg. of equilin. Il.25 mg. of equilenin

and 37.5 mg. of estrone in the mother liquors of the ketonic

strong phenols.
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Chromatographie Separation of Estrone, Equilin and Eguilenin.

The chromatography procedure described here ia a modifica

tion of the method originally described by Bane. Carol and

Haenni llll). A glass tube, 24 mm. in diameter, with a stop

cock sealed at the end, served as the chromatography column.

The constricted end of the tube was packed with fine glass

wool and the tube was then filled one quarter full with benzene.

A pad of glass wool was gently compressed into the bottom of

the tube to a height of l cm. ~o l g. of Celite (No. 545.

Johns ooanville) contained in a sma!! beaker was added sufficient

benzene to cover the adsorbent and 0.5 ml. of water was pipetted

uniformly onto the benzene. The mixture was then stirred

vigorously until the Celite was uniformly wet. After allowing

the benzene to drain slowly from the chromatography tube, the

Celite was transferred to it in 8mall portions with the aid

of a spatula. A floc culent suspension was formed in the tube

by slowly working a packing rod (a cork stopper fitted with

a wooden handle,) up and down as a piston through the Celite

benzene-water mixture. The Celite was then gently compressed

with the rod to form a sharply defined level surface approxi

mately lem. high. To 20 g. of Celite contained in a large

mortar was added 100 ml. of benzene. and exactly 20 ml. of

0.4 N NaOH was uniformly pipetted on the surface. The mixture

was vigorously stirred until the Celite was uniformly wet and

then was transferred in smaIl portions to the glass tube,
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suspending each portion and gently packing as described above.

During this operation the benzene in the tube was slowly

allowed to drain out. When aIl the Celite had been packed

into the tube, the top surface was leveled and covered with

a wad of glass wool. The final height of the Celite column

was 18 cm, During chromatography the Oelite was always

covered with benzene.

For adsorption on Celite the estrogens were dissolved

in a minimum volume of benzene and the solution was slowly

added to the column when the level of the benzene in the

column was almost at the same level as the Celite. The flask

containing the estrogens was rinsed with several portions of

benzene and these benzene washes were added to the column.

A total of forty 10 ml. fractions were colleoted and the

estrogens eluted were assayed as follows.

A l ml. aliquot was removed from each fraction; the

benzene was evaporated at 600C, under a stream of nitrogen

and the unesterified ti.Q.C. reaotion was done on eaoh aliquot

using appropriate standard estrogen solutions as desoribed

above. This afforded a means of determining approximately

how muoh, and where equilin and equilenin were eluted.

In an number of trial experiments with mixtures of the

authentic estrogens, it was found that the best resolution on

Celite was obtained when 10 ml. portions of benzene were
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co11ected. In a typical trial experiment a mixture of

152.6 mg~ of estrone, 15.6 mg. of equilin and Il.94 mg. of

equi1enin 'was adsorbed on the Ce1ite co1umn from a benzene

solution. Ten ml. fractions were collected and 1 ml.

aliquots of these were analysed by the B.Q.C. method as

described above. The results obtained from the analysis of

the fraotions eluted were graphed as shown in Fig. 10, p. 81.

Since fraction 9 did not give a positive B.Q.C. reaction,

fractions l to 9 were combined. Fraotions al to 35 were com-

bined because from the graph it appeared that one compound

was eluted in these fractions. These latter fractions ex-

hibited an absorption l!lB.ximum at 340~mJl., which Is character

latic of equilenin. From past experience with this chromatog

raphy method it was known that fractions 10 to 20 contained

equilin in admixture with estrone. The results obtained on

ana1ysis of the fractions eluted are tabulated below.

Fractions Weight B.Q.C. Assay
Combined in mg. mg.

1..9 56.8
10-20 92.0
21-35 13.2 Il.87,
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Fractions 1 to 9,when combined,crystallized from 95%

ethyl alcohol yielding 42 mg. of smal1 colorless needles.

These crystals were judged to be pure estrone from their

rn.p., admixture rn.p. with authentic estrone and from the

negative reaction obtained with the B.Q.C. reagent.

Fractions 21-35 crystallized from 95% ethyl alcohol

yielding 8.34 mg. of light yellow crystals. lJ.1his material

was identified as equilenin from its characteristic ultra-

violet absorption maximum at 340 m~., its rn.p. and admixture

m.p. with authentic equilenin.

Fractions 10-20 gave a positive B.Q.C. reaction and

weighed 92.0 mg. Since only 15.6 mg. of equilin were origin

allyadsorbed on the celite, the balance (76.4 mg.) must

therefore have been estrone. ~herefore these fractions were

rechromatographed on Celite under the identical conditions

described above. The fractions eluted were analysed for

their B.Q.C. color and the results are shown in Fig. Il, p.83.

Fractions 1 to 8, 9 to 18, and 19 to 28 were combined and

weighed. The results obtained on analysis of these fractions

are tabulated below.

Fractions Weight B.Q.C. assay
combined in mg. in mg.

1-8 56.0
9-18 22.18 8.76

19-28 6.45 6.02
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Fractions 1 to 8 were crystallized from 95% ethyl alcohol

yielding an additional 40 mg. of pure estrone. On crystalliza

tion from ethyl acetate, fractions 19-28 yielded 3.15 mg. of

colorless needles whioh were identified as pure equilin from

its rn.p. and admixture m.p. with authentio equilin and from

the B.Q.C. reaotion on the p-toluenesulfonate. Fractions 9-18

were crysta11ized from 95% ethyl alcohol but the m.p. obtained

was 221-22&00, and it cou1d not be elevated by recrysta11ization.

Thus a large portion of the equilin could not be separated from

the estrone but for our purpose a quantitative separation was

not essential.

The mother liquors from the ketonic strong phenols weighed

203 mg. and contained 806,500 d./min. It had been previously

determined that this traction oontained 37.5 mg. of estrone,

15.0 mg. of equilin and 11.25 mg. of equilenin. These mother

liquors were dissolved in 25 ml. of benzene and the solution

was adsorbed on 21 g. of Celite impregnated with 20 ml. of

O.4N NaOH. The estrogens were eluted with 10 ml. portions of

benzene and from each fraction a 1 ml. aliquot was removed

for B.Q.C. assay. Along with the B.Q.C. assay, each traction

was analysed in the tollowing manner.

a) After determining the optical density of the ohloro

form solutions (15 ml.) containing the B.Q.O. co1ored complexes,

a 1 ml. a1iquot was removed for c14 assay. These aliquots were

plated as infinitely thin plates.
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b) The NaOH washings ot the chloroform solutions contain

ing the B.Q.C. complexes (c.f. page 73) were acidified to

pH 1 with 2.5 N HCI and were extracted three times with 30 ml.

portions of peroxide free ether. The combined ether extracts

were washed with 3 portions of 25 ml. l M Nazo03, in order to

remove the acetic acid present (used as a buffer in the B.Q.C.

reaction), and the ether was evaporated on the water bath.

The residues thus obtained were dissolved in ethyl alcohol and

made up to volume in a 10 ml. volumetrie flask. One ml. ali

quots of these solutions were plated for 014 assay. The

results obtained from the analysis of each fraction eluted,

with the methods described above, are graphically presented

in Fig. 12, p. 86. From this graph it is evident that frac

tions 15 to 29 only contained small amounts of radioactive

material, since both the chloroform solutions and the NaOH

washes obtained in the B.Q.O. analysis of these fractions did

not contain any C14•

Fractions 1 to 8 did not give the 'B.Q.C. reaction and

therefore must have contained pure estrone. As a result these

fractions were combined. Fractions 9 to 13 must have contained

estrone plus equilin because both the NaOH washings and the

chloroformic solutions of these fractions contained appreciable

quantities of radioactivity. 8ince fractions 14 to 16 d1d not

conta1n apprec1able quant1t1es of 014 but still gave the B.Q.O.

reaction, they must have contained pure equilin, uncontaminated
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with estrone. From the shape of the B.Q.C. curve in Fig. 12,

it is evident that fractions 17 to 24 contained a single com

pound which from our previous experience with this method of

chromatography was judged to be equilenin. The results ob

tained from the chromatography on Celite of the mother liquors

from the ketonic strong phenols are tabulated below.

Fractions Weight of B.Q..C. Total radio- Specifie
Gombined ~'ractions assay activity activity

mg. mg. d./min. d./min./mg.

1-8 50.25 401,600 37,620

9-13 42.96 9.07 395,000
(as equilin)

14-16 9.72 4.6& 1,827 392
(as equilin)

17-24 Il.52 3.92- 1,619 413
(as equilenin)

On crystallization from ethyl acetate and 95% ethyl

alcohol, fractions 1-8 yie1ded 8 mg. of estrone (m.p. 256

2580C). On admixture with authentic estrone, there was no

depression in m.p. The estrone had a specifie activity of

37,620 d./min./mg. Fractions 9-13 were set aside for re

chromatography and fractions 14-16 were saved for combinat ion

with more equilin expected from the rechromatography of

fractions 9 to 13. It i8 worthy to note that the equilin

and equi1enin e1uates (fractions 14-16 and fractions 17-24)

contained very sma11 amounts of radioactivity. Based on
. r
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the B.Q.C. assay of these fraotions the speoifio aotivities

of equilin and equilenin were 392 and 413 d./min./mg. re

speotively, whioh is about 1% of the speoifio aotivity of

the isolated estrone.

Fraotions 17-24 oould not be induoed to orystallize

from either ethyl aoetate, 95% ethyl aloohol or benzene be-

oause of the relatively large amounts of impurities present.

However, the equilenin present in these eluates was identified

by its ultraviolet absorption speotrum in sulphurio aoid,

Fig. 13, p. 89. The speotrum of the isolated equilenin

oorresponded olosely to the speotrum given by authentic

equilenin exoept that some of the bands were not as well

defined as in the spectrum of the latter. This i8 probably

due to the impurities present in the equilenin eluates. In

ultraviolet light the equilenin eluates exhibited an absorp-

tion maximum at 342 mp., a region where no other estrogen

absorbs light. Further oonfirmatory data whioh charaoterized
..

the equilenin was obtained from paper ohromatography, but

this will be treated in a separate section.
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Fractions 9 to 13 (42.96 mg., 395,000 d./min.) were

rechromatographed on 21 g. of Celite, impregnated with 20 ml.

of 0.4N NaOH in the manner previously described. Each

fraction eluted was analysed with the B.Q.U. reagent and

the NaOH washes of the chloroform solutIon, containing the

B.Q.C. complexes, were also treated as described above.

In this instance, the chloroform solutions containing the

H.Q.C. complexes were not assayed for their u14 content.

The resu1ts obtained from this chromatogram are shown

graphica11y in Fig. 14, p. 91.
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~rom Fig. 14, it is seen that fractions 1 to 6 did not

give a positive ~.Q.C. reaction nor did they contain appre

ciable quantities of C14• Therefore these fractions were

not further examined. tiince the NaOH washings from fraction

14 did not contain any c14 , it was deduced that estrone ceased

to be eluted in this fraction. This defined the zone of over-

lapping between estrone and equilin in fractions 7 to 13. In

the trial experiments with this Ce1ite column, it was found

that equilin was eluted in the region corresponding to fractions

14 to 29. Thus these fractions were combined and they will be

calledthe equilin eluates. Fractions 7 to 13 gave a positive

B~Q.C. reaction and the NaOH washes of the corresponding

chlorofprm solution containing the ~.Q.G. complexes were radio

active. From these facts, it was deduced that these fractions

contained a mixture of equilin and estrone. ~he results obtained

from this chromatogram are tabulated below.

Fractions Weight of B.Q.C. 'fotal radfo- tipecftfc
combined Fractions assay activity activity

mg. mg. d./mg. d.jmin./mg.

1-6 3.78 8,400

7-13 29.38 5.89 366,200
(as aquilin)

14-29 10.75 3.23 1,800 557
(as equilin)
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When aIl the fractions had been eluted, the Oelite column

was washed with methanol. The Methanol washes were concen

trated to a small volume and on assay for 014, ~an~ ware

found to contain 11,200 d./min. This result indicated that

benzene eluted almost aIl of the 014 containing material on

the Celite column.

Fractions 7 to 13, on crystallization trom 95% ethyl

alcohol, yielded 6.36 mg. of yellow naedles (m.p. 248-252oC).

Recrystallization trom methanol gave 4.73 mg. ot colorless

needles : (m.p. 256-25aOc), which did not show a depression

on admixture with authentic estrone. The mother liquors trom

these fractions were chromatographed on paper in the hope or

separating equilin trom the estrone; this work will be reported

in a separate section.

The Attempted Isolation of ~guilin.

Fractions 14 to 29 were comblned with the equilin eluates

(fractions 14 to 16) from the first celite chromatogram. The

combined equilin eluates \20.47 mg.) could not be induced to

crystallize from ethyl acetate, 95% ethy1 alcohol or aO%

aqueous methanol. AS a result, the equilin eluates were

sublimed under high vacuum in order to separate the equilin.

These eluates were transferred to a sublimation tube (24 x 1 cm.)

with acetone and the solvent was evaporated under a stream of

nitrogen. ~he resulting oil was dried under the high vaduum
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(~ 0.08 mm. Hg) and heating commenced. During the first two

hours the temperature was elevated to 100°0 and a small

amount of oily material distilled. The main fraction dis

tilled over at 130-135°0 and crystallized in the sublimation

tube. This temperature was maintained for 3 hours in order

to get a complete removal of the equilin. The main fractions,

-- - - - - dis_tillilltLat_l30-l3500J 6.42 mgs ) , were dissolved in 95%

ethyl alcohol and some oily material precipitated. Thè'

supernatant solution was removed and reduoed to dryness,

yielding a yellow oil. This oil, on crystallization from

ethyl acetate, yielded 2.28 mg. of brown crystals, m.p.

238-242°0. When these crystals were mixed with authentic

equilenin (m.p. 255-255°0) the m.p. obtained was 242-246°0.

The m.p. and mixed m.p. of this semi-pure material indicated

that it was equilenin. Beoause of the small amount of crystals

obtained (2.28 mg.), purification by recrystallizing was pre

cluded. AS a result, an attempt was made to identify this

crystalline material by its ultraviolet absorption spectrum,

its ultraviolet absorption speotrum in sulphuric acid and by

paper chromatography. For these deter.minations 0.636 mg. of

the crystals was weighed on the microbalance and was dissolved

in 10 ml. of 95%ethanol in a volumetrie flask.

The ultraviolet speotrum of this material (Fig. 15, p.95,

was Identical with the published spectrum of equilenin l36,102).
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From the absorption maximum at 340 ~., it was calculated

that the material was 83% pure. When these crystals were

dissolved in sulphuric acid, the ultraviolet spectrum ob

tained (Fig. 16, p. 97) was identical with the spectrum

given by equilenin except in the region 320-380 m~. In

this region, equilin exhibits its maximum absorption in

sulphuric acid; therefore this equilenin ls probably con

taminated with a small amount of equilin. The above data

definitely shows that the aquilin eluates contained equilenin.

This equilenin, when counted as an infinitely thin plate,

had a specifie aetivity of 380 d./min./mg.
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Paper Ohromatography of Estrone, Egul1in and Egui1enin.

The methods of chromatography used here were essentially
o

those described by Burton, Zaffaroni, and Keâtmann (105). A

detailed description of the methods used will be presented in

Part II of this thesis. Here, it ls sufficient to describe

the systems of chromatography used and the results obtained

with them.

When we flrst used paper chromatography, the estrogen

spots were located by spraying the paper strips with diazotized

sulfanilic acid. This reagent was prepared as follows.

Solution A: This consisted of a solution containing

0.9 g. of sulfanilic aeid in 100 ml. of 9% hydrochlorie aeid

(by volume).

Solution B: This consisted of an aqueous solution of

5% sodium nitrite.

The sulfanilic acid was diazotlzed by mixing 3.0 nü ~ .

of A with 3.0 ml. of Band eooling the mixture in an Iee

bath for 5 min. Then 12 ml. of solution B was added to the

mixture and the resulting solution was cooled in the iee

bath for an additiona1 15 min. The paper strips were imme

diate1y sprayed, first with the diazotized su1fani1ie aeid

and then with a solution of 1.1% NaeC03. The sensitivlty

of this reagent for the estrogens was15 pg./em2 of paper.



99

Equilenin gave an intense pink oolor with diazotized sulfanilio

aoid, while the pink colors obtained with equilin and estrone

were of a lesser intensity. More recently, we have been using

15% fuming sulphurio aoid to locate the estrogens on the paper

strlps by the method desorlbed by AXelrod (106). Estrone,

equilin and equilenin gave rose-tan colors when the paper

strips containing them were immersed in fuming sulphurlc acid.

These three estrogens also gave a green-yellow fluorescence

when the paper strips Immersed in sulphurlc acid were illuminated

with an ultraviolet lamp in the dark. The chromatography

systems used in this investigation will now be disoussed in

dividually.

a) The first system used in attempting to separate

estrone, equilin and equilenin was toluene-propylene glycol.

This system was found to be effective in separating adreno

cortical steroids (105). One om. paper strips (Whatman No. I)

were used with the desoending ohromatography method of Burton

et al. (105). It was found that in 24 hours of chromatography,

the mobilities of estrone, equilin and equilenin were 14.0,

10.8 and 10.0 respectively. When different combinations of

the three estrogens were chromatographed together, estrone and

equilenin separated, but estrone and equilin, as weIl as

equilin and equilenin, travelled together. This method was

therefore abandoned. Likewise, the benzene-propylene glycol

system yielded similar results.
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b) Beoause equilin, estrone and equilenin oan be

separated on Celite impregnated with 0.4N NaOH, it was logioal

to try to separate these estrogens on paper strips impregnated

with NaOH. Therefore I om. paper strips (Whatman No.I) were

immersed in varying oonoentrations of NaOH (0.4N to 2N), pre

viously saturated with benzene. Twenty five ~g. each of

estrone, equilin and equilenin were applied to the paper

strips and benzene, saturated with the alkali solution , used,

was empIoyed as a mobile phase. The paper strips were then

dried at 80 0 e for 4 hours and sprayed with diazotized sulfanilic

acid. It was found that this system gave no separation of the

estrogens and furthermore the paper strips had a tendency to

fall apart in handling. This system was therefore abandoned.

0) The next system that was tried was that of Bosoott

(104). In this system, Whatman No. 3 paper was impregnated

with a saturated solution of sodium p-toluenesulphonate, and

the mobile phase was toluene equilibrated with the latter.

The Rf values found for estrone, equilin and equilenin, using

this method, were 0.55, 0.25, and 0.10 respectiveIy.

Diazotized sulfanilic acid was used to locate the estrogens.

Using this system, it was found that the material in the

equilenin eluates lfractions 17-24, p.88) exhibited an Rf

value of 0.14. Because it was impossible to elute the

estrogens from these salt impregnated paper strips, an
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aliquot of the equl1enin eluates was mlxed with authentio

equilenin and the mixture was chromatographed. It was

found that the two travelled together and had an Rr value

of 0.12. This fact, ooupled with the data previously

presented, 1eaves no doubt that the equilenin eluates did

contain authentio equilenin.

Using the technique described above, it was also found

that the crystals obtained from the equilin eluates exhibited

the sarne Rf value as equilenin and travelled with authentic

equilenin on aœmixture chromatography. This is further con

firmation that the equilin eluates contained equilenin.

oince it i8 impossible to elute the estrogens from the

treated filter papers in the above system, attempts were

made to find a system which would separate equilin, equilenin

and estrone using untreated fil ter paper. Suoh a system has

recently been devised by Axelrod (106) for the separation of

estrone, estradiol-17fi and estriol.

d) Axelrod round that the system o-dichlorobenzene

formamide gives a good separation of estrone, estradiol-17~

and estrio1. When this system was applied for the separation

of estrone, equilin and equilenin, the Rf values found in

8 hours of ohromatography were 7.4, 5.5 and 4.0, respeotively.

with this system it was possible to elute the estrogens and

to do mixed ohromatograms. Here 15% fuming sulphuric was
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used to detect the estrogens on the paper strips. In con-

firmation of the earlier findings, it was round that the

crystaI1ine materia1 in the equilin eluates exhibited an

Rf value of 3.8 in this system and trave11ed with equilenin

in mixed chromatography. Likewise, the material in the

equilenin eluates behaved 1ike equi1enin on chromatography

- - - - - and on mixed chromatography with authentic equilenin. AIl
- - - - - - - -- - - -

attempt was made to separate estrone and equilin from the

mother liquors of fractions 7 to 13, p. 92. These mother

liquors contained estrone and equilin from the zone where

the two overlapped on the second Celite chromatogram. It

was found that o-dichlorobenzene-formamide does not effect

a total separation of estrone and equilin due to streaking

of the two steroids on the paper. nowever, it was evident

that there were two compounds in the mother liquors of

fractions ? to 13. Phe search for a better method of sep

arating estrone, equilin and equilenin on untreated paper

strips ls being continued in this laboratory.

In conclusion, it should be stated that the weak phenols

and the acid, obtained on extraction of the urine collected

in this investigation, did not exhibit any equilin or equilenin

when reacted with the B.Q.C. reagent. The neutral fraction

obtained from urine of the pregnant mare injected with

estrone_l6_C14 is being investigated by Mr. V.J.OtDonnell.
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B. The Anabolism of Estrone, Eguilin and Equilenin

from Acetate.

1. Introduction and Discussion.

In section A of this thesis, it was shown that estrone

Is not converted to equilenin and probably not to aquilin.

It was also round in this laboratory that while cholesterol

administered to the pregnant mare does not give rise to urinary

estrone (112) , acetate does (113). Recently Werthessen et al.

(114) have perfused sow ovaries with c14- ear boxyl labeled

aoetate and were able to isolate estrone and estradiol-17~

after large isotopie dilutions. ~he specifie aotivities of

the isolated estrogens was 3 d./min./mg. Since aIl the avail

able evidence indicated that acetate was a precursor of estrone,

it was logical to design experiments to determine whether it

is also converted to equilin and equilenin by the pregnant mare.

However, before entering upon a discussion of the experimental

methods used in this investigation and the results obtalned, a

brief outline will be presented on the central position occupied

by acetate in the biogenesis of sterols and steroid hormones.

The investigations which will be described below were all per-

formed with the use of deuterium-, carbon-15-, and carbon-14-,

labeled compounds respectively.
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In 1937, Sonderhoff and Thomas (115) demonstrated that

resting yeast tends to concentrate deuterioacetic acid in the

unsaponifiable fraction of the cells. This fraction consists

principally of ergosterol. This observation was the first

evidence to suggest that acetate can be converted te sterols

by the plant organisme ~ome years later Bloch and Rittenberg

tl16) demonstrated that acetic acid i8 a precursor of cholesterol

in animaIs. They fed sodium deuterioacetate to adult mice and

growing rats and found that the fecal sterols and the body

cholesterol of the sacrificed animaIs contained more than three

times as much deuterium as the body fluids. These results

demonstrated beyond any doubt that cholesterol Is formed from

acetate in the animal body.

It was early recognized that the llver lB an important

site in the conversion of acetate to cholesterol (117) and in

recent years it has been shown that adrenal cortex slices are

also capable of performing this conversion tl18). The use of

the liver slice technique has made it practicable to study the

conversion of a large number of simple organic mole cules to

cholesterol. These studies have been recently reviewed by

Bloch (119), who pointed out that only the compounds which

bear a olose metabolio relation to acetic acid are effic.1ent

precursors of cholesterol and that intermediates of carbo

hydrate metabollsm or compounds which are convertible to carbo

hydrate are relatively poor sources. Isovaleric acid has been
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found to be 5.5 times as effioient as aoetate (119). Sorne

evidenoe has been presented whioh suggests that aoetoacetio

aoid can be converted directly to cholesterol by rat 1iver

slices (120,121 ).

In consideration of the resu1ts of the above investigations,

Bloch and his associates (119 , 122 , 123) and Hunter, Popjak and

Cornforth (124) have degraded biologica11y synthesized choles

terol in order t 0 ascertain the origin of the individual oarbon

atoms of the Molecule. ~hese investigators incubated liver slioes

with 014 -methyl labeled and C14 -carboxyl labeled acetic acid,

respectively, and isolated the cholesterol thus formed. With the

use either of known chemical reactions or reactions specifioally

designed for this study, the A, Band D rings of cholesterol as

well as the Isooctyl side chaIn were degraded, the Individual

oarbon atoms contained thereln were identified and thelr 014 oon-

tent determined. Blooh and his associates ooncentrated their

efforts on the degradation of the isooctyl aide chain and ring D

of cholesterol while the British group degraded ring A and B of

the moleoule. The results obtained from their "combined efforts

are summarized in the diagram below.

<, /~,
c c

1 1 /~
W\ WI-C 'Wl

m-CH3 carbons
a-COOR carbons
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The degradation of cholesterol demonstrated that acetic

acid can furnish aIl the carbon atoms required in the bio

synthesis of this sterol. This has also been proven in the

biosynthesis of ergoster01 {125}. However, the nature of

intermediates of larger molecular weight in the biosynthesis

of cholesterol has, until recently, been a topic of specula

tion. In 1926, Hei1bron et al. (126), after e1ucidating the

structure of the terpenoid hydrocarbon squalene (XII),suggested

that this compound might be an intermediate in the biosynthesis

of steroids. This year, Langdon and Bloch found that the rat

can synthesize squalene (XII) from acetate (127), and that

squalene Ls a precursor .ot: cholesterol (XIII ,128). Both

carbon atoms of acetic acld were utillzed in the synthesis

of squa1ene and the liver was found to be the site of the

synthesis. The metabollc reactions (C~-UOOH~ XII~XlII)

involved in this synthesis are shown below.(page 107).
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Langdon and Bloch (128) suggested that the direct cycliza

tion of squalene to form cholesterol, originally proposed by

Robinson l129}, coincides weIl with the experimentally determined

distribution of the acetate carbons in cholesterol. In the

oyclization of squalene, the branched methyl groups that are

attached to carbon atorns corresponding to positions 4, 13 and

14 of oholesterol would have to be eliminated. However, more

recently Woodward and Bloch (l30) and Dauben et al. (131) have

presented evidenoe whioh suggests that squalene does not undergo

direct oyclization in the oonversion to cholesterol. These

authors proposed the alternative mechanism (XIla ) XIII}

shown below.

XIIa

Ho

XIII
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Woodward and Bloch and Dauben et al. (129), proposed that

each isoprene unit of squalene is composed of 3 methyl and

2 carboxyl carbons of acetate, arranged as shown.

M,
/0 - M - 0

M
M - CH3 carbons
C - COOR carbons

The results obtained from the degradation studies of bio

synthesized cholesterol Indicated that biosynthesis might

proceed by condensation of isoprene units labeled as above (123).

Very recently Langdon and Bloch {132,133} found that there

is almost a complete suppression in the conversion of acetate

to cholesterol in liver slices of rats fad aqualene (XII).

They also showed that the incorporation of 014_ acetate into

liver sterols in vitro is reduced after feeding of cholesterol,

6 7-cholesterol and 7-dehydrocholesterol. These r esu1ts in

dicated that ~7-cholesterol and posslbly 7-dehydrocholesterol

are intermediates in the conversion of squalene to cholesterol.

In the last four years two groups of investigators have

done a great deal of work to elucidate the biogenesis of the

steroids elaborated by the adrenal gland. At the Worcester

Foundation, Dr. G.Pincus and his assoclates have perfused beet

adrenal glands with both C14-acetate and C14-labeled cholesterol

respectively. It was found that both acetate and cholesterol

can be transformed by the isolated adrenal gland into adreno

cortical steroids (134). A second group of investigators at
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the Upjohn Company, under the leadership of Dr. W.J.Haines,

have ineubated hog adrena1 cortex slices with C14-acetate, and

they too found that aeetate is a precursor of adrenoeortical

steroids (135).

After perfusion of C14-earboxyl 1abe1ed acetate through

beef adrenal glands (134) the perfusate contained radioactive

17-hydroxycorticosterone (XIV) and corticosterone (XV).

Incubation of hog adrenal cortex slices with C14-carboxy1

labe1ed acetate led to the identification of radioactive lXIV),

(XV), ll-dehydro-17-hydroxycorticosterone (XVI) and small

amounts of I1-desoxy-l?-hydroxycorticosterone (XVII) in the

neutra1 extracts of the incubation medium and the sllees

(135,136). These in vitro investigations c1early demonstrate

that aeetate is a precursor of the adrenocortical hormones.

Acetate was a1so shown to be a precursor of the adrenoeortica1

hormones in vivo. In this laboratory the etheno1 soluble

extract of the adrenal glands of a pregnant mare injected with

C14-carboxyl labeled aeetate was found to contain radioactive

(XIV), (XVII), (XV) and an unidentified substance called

compound X (13?).
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An issue which has been muoh debated in recent years ls

whether cholesterol 15 an obligatory intermediate in the bio-

synthesls or steroids rrom aoetate. Pincus and his asseciates

(138) have some evidence whioh suggests that in the conversion

ot acetate to compounds F and B br the pertused adrenal gland,

cholesterol ls net an obligatory intermediate. These investiga

tors tound that when C14_labeled acetate was perfused through

the adrenal gland, the specifie activities of the isolated

compounds F and B (XIV and XV) was 6.4 times that of isolated

adrenal-tree cholesterol. When Cl 4-1abeled cholesterol was
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perfused through the adrenal glands, the specifie activities

of compounds ]' and B was 0.4 times that of adrenal-f'ree

cholesterol. Thus, these authors reason that if acetate were

to go to the adrenocorticoids through cholesterol as an oblige

tory intermediate, then the specifie activity of compounds F

and B should not be greater than that of the cholesterol in the

adrenel gland. Therefore it 8eems very likely that acetate ia

a precursor of compounds F and B ln the perfused hog adrenal

gland, wlthout necessarily involving cholesterol.

In this laboratory the pregnant mare injected with C14_

carboxyl labeled acetate was sacrificed on day 10. On this day

the lsolated urinary estrone had a specifie activity 10 times

greater than that of blood cholesterol or maternaI liver

cholesterol (113,139). Thus acetate is utilized to a greater

extent in the synthesis of estrone than in the synthesis of

maternaI blood cholesterol or maternaI liver cholesterol.

Furthermore, since administered cholesterol does not give rise

to estrane in the pregnant nare (112), it 1s very likely that

it is not an obligatory intermediate in the biosynthesis of

estrone from acetate in this species.

In collaboration with this laboratory, Dr. K.Savard, et

the Worcester l"oundation succeeded in isolating radioactive

50( -pregnane-3,B -01-20-one trom the neutral fraction of the

urine collected on days 4 and 5 from the pregnant ~~re injected

with c14_carboxyl labeled acetate. This tlnding i8 of great
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interest aLnce 5 ~ -pregnane-3 fi -ol-20-one is generally regarded

as a saturated excretory product or progesterone in the pregnant

mare (46). Likewise, the administration of deuteriocholesterol

to a woman in the eighth month of pregnancy led to the excretion

in the urine of deuterium rich pregnane-30( ,200( -diol (140),

which is considered to be a urinary metabolite of progesterone

in man.

In recent years, it has been found that acetate is also

a precursor of testosterone and its saturated excretory products.

Brady (141) incubated hog, rabbit and human testicular slices

with c14_car boxyl labeled acetate and isolated radioactive

testosterone (XVIII) and cholesterol from the tissues and

incubation medium. tiuman chorionic gonadotropin, when added

to the incubation medium, markedly stimulated the conversion

of acetate to testosterone, but had little effect upon the rate

of cholesterol synthesis. Also, the specifie activity of the

testosterone (by isotope dilution) approached that of the

isolated cholesterol, in spite of the great dilution of

testosterone caused by the carrier. These findings strongly

suggest that cholesterol may not be an intermediate in the

biosynthesis of testosterone.

Bavard, Dortman and Poutasse {142} perfused human testes

with u14- car boxyl labeled acetate and isolated from the

perfusate radioactive testosterone (XVIII) and radioactive

androst-4-en-3,17-dione (XIX). In a second investigation
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Dorfman et al. l143) administered c14- car boxyl labeled acetate

to a male patient suffering from an adrenal carcinoma and they

isolated the following radioactive urinary metabolites;

dehydroisoandrosterone lXX), androsterone lXXI), etiocholane

-3 -ol-17-one lXXII) and androst-5-ene-3 ,l? -diol lXXIII).

The androgens derived trom acetate are listed below.

OH
o

HD .

XVIII

:xx

o

XIX

o

..ff
HO' :

XXI

"/ '



o

XXII

HO

XXIII

115

Thu5 it 15 seen that acetate i5 a precursor of a)

cholesterol and ergosterol, b) estrene and estradiol-17~ ,

c} adrenocortlcoids, d) testosterone and its saturated ex

cretory products and ei the saturated excretory products of

progesterone. It is also generally agreed that cholesterol

ls not an obligatory intermedlate in the conversion of

acetate to many of these steroids.

From the above discussion lt ls evident that acetate

oecupies a central position in the biogenesis of the sterols

and steroid hormones. ~ecause acetate gives rise te estrone

in the pregnant mare and since estrone 1s not converted to

equilin or equilenin, It was of great interest to determine

whether aeetate is a precursor of equilin and equilenin. We

shall now discuss the experimental condltion employed and

the results obtained) in thls investigation.
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The administration of the labeled acetate and the

hydrolysis and extraction of the urine, to be described

below, were done by Mr. R.Jacobs and Dr. ~.Brooksbank.

A hybrid mare in her ninth month of gestation was injected,

ovar a period of four days, with 53.62 millicurries ,(j'f

C14-carboxyl labeled sodium acetate. The urine was collected

daily for 10 days and then the animal was sacrificed and the

tissues of the colt and the mare were removed for future

examination. Each 24 hour output of urine was hydrolysed

and partitioned separately.

The urine collected on eaoh day was hydrolysed and

partitioned into acids, strong phenols, weak phenols and

neutrals as described in section A of this thesis. Estrone

was isolated from the weak phenolic fraction obtained from

each day, by the methods previously described. The isolated.

estrone was obtained in a pure state by chromatography on

Celite impregnated with 0.4 N NaOH as previously described.

Estrone isolated on day 5 had the highest specifie activity

(1664 d./min./mg.). This finding indicated that 24 hours

after the administration of labeled acetate ceased, the

conversion of acetate to estrone was maximal.

In order to isolate estrone, equilin and equilenin trom

the strong phenols, it was necessary to determine the relative

concentration of the three estrogens in this fraction. There

fore the strong phenols obtained from the urine collected on
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day 4 was partitioned and analysed for estrone, equilin and

equilenin by the ~.~.C. method previously described. The

strong phenols from day 4 were chosen because they contained

a larger amount of radioactivity than the corresponding

fractions obtained on other experimental days.

The strong phenols (day 4) were first subjected to high

vacuum distillation in order to remove the volatile llght oils.

In this purification process there was a 39% diminution in

weight and only about a 10% decrease in radioactivity. The

light oils were counted before they had evaporated and they

were found to be radioactive. These light oils when plated

from an absolute methanol solution and allowed to evaporate

completely, did not exhibit any radioactivity. ~'rom the

distillate obtained above it w~s possible to isolate benzoic

acid, which on assay was found to be devoid of radioactlvlty.

~hls finding confirmed the earlier observation of O'Donnell

(144) , who isolated non-radioactive benzoic acid from the

combined acld fractions obtained trom the urine excreted by

the mare used in this investigation. The biological synthesis

of a benzene ring remains to be demonstrated.

The residual strong phenols (day 4) from the high vacuum

distillation, were separated Into a ketonic and non-ketonic

fractions by reaction with Girardts reagent T. As was pre

viously observed, tarry oils formed at the interface between
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the ether solution conta1n1ng the non-ketones and the aqueous

solution containing the Girard complex of the ketones. Be

cause these tarry oils contained about 50% of the radioactivity

originally present in the residual strong phenols (day ~, they

were fractionated into ketones and non-ketones with Girard's

reagent T. In this fractionation there was a sizable loss ~ri

radioactivity as weIl as in weight. These losses have been

repeatedly encountered in the Girard reaction on the tarry oils.

B.~.C. analysis of the ketonic fractions obtained from

the Girard separation of the strong phenols ~ay 4revealed

that in one day this pregnant mare excreted 50 mg. of equilin

plus equilenin and 90 mg. of estrone. These values are in

sharp contrast to the quantities of these three estrogens

excreted during 3 days by the pregnant mare injected with

estrone-l6-CI 4; i.e. 26.25 mg. of equilin plus equilenin and

37.5 mg. of estrone. Doisy (53) observed many years ago,

that the total amount of estrogens (bio-assay values) excreted

by the pregnant mare varied greatly with individual animaIs.

ln order to facilitate the separation of estrone, equilin

and equilenin, the strong phenols from days 1 to 10 were com

bined (day 8 was lost in extraction) and separated into ketones

and non-ketones. It was presumed that the combined ketonic

strong phenols would then contain sufficient quantities of

the three estrogens to allow facile separation of estrone,

equilin and equilenin.
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~ollowing high vacuum distillation of the volatile light

olls, the combined strong phenols were separated lnto ketones

and non-ketones by reaction wlth Girard's reagent T. tiere

also tarry oils were encountered. The non-ketones and the

tarry oils were subjected to a second Girard separation and

here pure estrone was isolated from the ketonic fraction of

the tarry oils.

The combined ketonio strong phenols \including day 4)

weighed 3.41 g. oince the maximum Quantity of ketonio strong

phenols that oan be readily separated on the Oelite chromatogram

is approximately 200 mg., a method had to be devised to purify

the ketonic strong phenols in order to adsorb them on the

velite column. Stimmel l145) had earlier found that estrone,

estradiol-17~and estriol, present in human pregnanoy urine,

can be separated by chromatography on aotivated alumina.

Estrone, estradiol-17~and estriol were separated by eluting

the alumina column with 2% methanol-benzene, 5% methanol

benzene and 30% methanol-benzene respectively. ~he above

author found that most of the impurities normally present in

the urine re~~ined at the top of the alumina column. There

fore in a trial experiment, 1/10 of the combined ketonic

strong phenols (0.341 g.) was adsorbed on a oolumn of activated

alumina and the estrogens were eluted as described above. lt

was found that 10% methanol-benzene eluted almost aIl of the

estrogens on the co1umn as weIl as brown irr.purities. Neither
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benzene nor 5% methanol-benzene wes capable of eluting the

estrogens on the alumina column. Therefore this method of

chromatography was abandoned.

Tt was then decided to adsorb small portions of the

combined ketonic strong phenols on Celite Impregnated with

0.4 N NaOH and to pool the eluted fractions oontaining the

three estrogens until sufficient quantities of material had

accumulated to allow facile isolation. In the first experiment

0.545 g. of the ketonic strong phenols was adsorbed on 31 g.

of üelite impregnated with 30 ml. of 0.4N NaOH and the

estrogens were eluted with 20 ml. portions of benzene. Un

examination of the fraction eluted it was found that estrone,

equilin and equilenin had separated in pure forro and in

quantities sufficient for identification. The three estrogens

were identified by their a) melting points, b) mixed melting

points with authentic samples of the corresponding estrogen,

c) ultraviolet spectra in 95% ethanol, d) ultraviolet spectra

in sulphuric acid. When assayed for 014 as infinitely thin

plates, the specifie activity of estrone, aquilin and equilenin

was 641, 328 and 304 d./min./mg. respectively.

Estrone contained approximately twice the radioactivity

of equilin or equilenin. This finding indicated that twice

as much carboxyl carbon of acetate was incorporated into estrone

as into equilin or equilenin. Tt MaY well be that acetate

is not incorporated into the naphthalene ring of
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equilenin or ring B of equilin. A conclusive answer to this

problem can only be obtained by degrading the three estrogens

in a manner that would leave ring A of estrone intact and

leave ring A and B of equilin and equilenin intact. Oarbon-14

assay of these moieties, left atter degradation, would then

tell us whether the benzene ring of estrone or the naphthalene

ring of equilenin contained any 014•

If one ean draw a parallel between the metabolic changes

taking place in a pregnant rabbit 'ahffi~ the metabolic changes

occurring in a pregnant mare, then sorne conclusions can be

drawn of the possible sites of formation of the estrogens.

Popjak and Beeckmans (145) found that in the pregnant rabbit,

aIl foetal cholesterol is synthesized within the body of the

foetus and that the foetal placenta synthesizes cholesterol

and also absorbs it from the maternaI circulation. In the

case of the pregnant mare injeeted with 014-carboxyl labeled

acetate, the following tacts have thus far been revealed con

cerning the origin of cholesterol. At death (day 10) it was

found that, a) the specifie activity of the isolated urinary

estrone was greater by a factor of ten than the maternaI blood

cholesterol, b) foetal liver cholesterol had a higher specifie

activity than maternaI liver cholesterol and c) cholesterol

from the foetal placenta had the highest specifie aetivity.

These findings are in agreement with the results obtained by

•
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~opjak and Beeckmans (146) for the pregnant rabbit and indicate

that sstrone, equilin and equilenin may be syntheslzed from

acetate by the tissues of the foetus or by the foetal placenta.

ln the case of the pregnant human remale, estrone,•
estradiol-17~ and estriol have been iso1ated from placenta1

tissue (147,148,149). Recent1y Mitchell (150) was able to

identify estrone, estradiol-17~andestriol by the application

of paper chromatography to separate the estrogens extracted

from 100 g. of human placenta. That the placenta of the

pregnant mare is capable of synthesizing estrogens was demon

strated many years ago by Hart and Gole (151). These invest

igators found that bi1ateral removal of the ovaries in a

pregnant mare produced an initial drop in the estrogen level

in the urine, followed by arise to the normal level, which

was malntained for the remainder of the pregnancy. These

findings indicate that the placenta synthesizes estrogens

durlng pregnancy.
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2. Experimental.

The prooessing of the urine of the mare injected with

sodium acetate-l-C14 was done in this laboratory by Mr. R.

Jacobs and Dr. B.Hrooksbank. This author examined the strong

phenolic fraotions. Since the methods used in this investiga

tion are identioal to those described in seotion A of this

thesis, they will not be described here in detail.

Injection of Labeled Aoetate and Collection of Urine.

One hybrid mare in the ninth month of gestation was

injected intrajugu1ar1y with 619 mg. of sodium aoetate con

taining 53.62 milliourries of CH3.c14oONa. The injeotions

were made thriee daily through days 1 to 4. Urine was

oollected for 10 days and full 24 hour outputs of urine were

proeessed aach day. The urine exhibited a Kober value of

~. 220 mg. per diem. throughout. On day ten, the animal was

killed (chloral) and various tissues of the mare and colt were

taken for chemical examination; seotions of all tissues were

taken for histo1ogical and radioautographio study.

Fractionation of the Urine.

Eaah 24 hour output of urine from days l to 10 was

processed separately. The urine was aeid hydrolysed with an

equal volume of toluene and then the organie phase was frae

tionated into aoids, strong phenols, weak phenols and neutrals,
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as described in section A of this thesis. The maximum urinary

excretion of e14 occurred Gn day 4. However, estrone isolated

from the weak phenols of the day 5 urine had a higher specifie

activity (1164 d./min./mg.) than that of day 4 (1117 d./min./mg.)

Vacuum Distillation of the strong Phenols (vay ~

The strong phenols from the urine col1ected on day 4

(S.P.4) weighed 5.67 g. and contained 1.35 x 106 d./min. The

volatile 1ight oils were distil1ed from this fraction under

high vacuum as described in section A of this thesis. In this

instance, the light oils started to distill at 65°0 and they

were collected in a tube surrounded by an acetone-dry iee

mixture in a Thermos container. The material distilling above

65°C crystallized in the receiving tube. Then the temperature

was elevated to 100°C. Distillation was allowed to continue

at this temperature for four hours. The results obtained from

this distillation are tabu1ated be1ow.

Fraction Nature Temp. Weight 014 Assay
No. Oc g. d./min.

1 1ight oils 65-70 2.125

2 crystalline 75-100 0.119

3 oi1s (non- 3.412 1,237,000
volatile)
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From the above data it was deduced that 10% of the radio

activity originally present in the strong phenols o~ day 4

distilled with the volatile light oils (Fractions 1 and 2) •

. Fraction 2, recrystallized ~rom water, yielded 32 mg. of co1or

less crystals {rn.p. l2l-l220C}. These crystals did not show a

depression in rn.p. on admixture with pure benzoic acid. The

isolated benzoic acid did not contain any radioactivity.

The light oils, which were removed ~rom the strong phenols

by high vacuum distillation, contained appreciable arnounts of

volatile radioactivity. ~his was demonstrated as fo1lows.

The light oils were diluted 1 part in 25,000 with rnethanol and

were plated as infinitely thin plates. When the plates were

allowed to evaporate completely to dryness they did not con

tain detectable amounts of C14• However, when these light oils

were diluted 1 part in 250 and 1 ml. aliquots were plated and

dried to the point where only the methanol had evaporated,

there was a detectable amount of radioactivity 1n~ them. It

was found that the radioactivity on these plates decreased with

time as Is shown below.

Time Radioactivity
in min. d./min./plate

Plate 1. Plate 2.

10 124 37

20 115 22

30 108 9

40 94 0
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Plate l was counted first and plate 2 was counted 45

minutes later in each instance. The background count was

subtracted from the observed count on each plate.

Girard Fractionation of the ~trong Phenols{Day~•
. *

The non-volatile strong phenols (3.4l2g.) were dissolved

in 50 ml. of absolute ethanol and to this solution was added

4.89 g. of Girard's reagent T plus 5 ml. of glacial acetic

acid. The mixture was refluxed for 1 hour and then the ketones

were separated from the non-ketones as described in section A

of this thesis. In this separation tarry oils were encountered

at the interface between the aqueous phase containing the

Girard complex of the ketones and the ether solution containing

the non-ketones. These tarry oils were dissolved in 95%

ethanol and taken to dryness under reduced pressure. This

fraction was submitted to a second treatment with Girard's

reagent T. The ketones, non-ketones and tarry oils were

assayed for 014 by the method of Yates (29) and the results

are tabulated below.

Fraction weight Radioactivity
g. d./min.

Strong Phenols 3.412 1,210,000

Ketones 0.238 117,500

Non-ketones 1.091 242,500

Tarry oils 1.998 525,000



Girard Reaction on the Tarry Oils.

The tarry oils (1.998 g.) were dissolved in 40 ml. of

absolute ethanol and to this solution was added 1.98 g. of

Girard's reagent T plus 4 ml. of glacial acetic acid. This

mixture was refluxed for 1 hour and then the ketones were

separated from the non-ketones as described in section A of

this thesis. After diluting the ketones and non-ketones thus

obtained to a definite volume with absolute Methanol, aliquots

were assayed for C14 by the method of Yates (29). The results

obtained from the Girard fractionation are tabulated below.

Fraction Weight Hadioactivity
g. d./min.

8trong Phenols 3.412 1,210,000

Ketones 0.238 117,500

Non-Ketones 1.091 242,500

Tarry Oils 1.998 525,000

Ketones 0.289 185,000

Non-Ketones 0.762 285,000

Total Ketones 0.527 302,500

Total Non-Ketones 1.852 527,500
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B.Q.C. Analysts of the Ketonio otrong Phenols (vay 4).

The esterified B.Q.C. reaotion, the unesterified B.Q.C.

reaction and the Kober reaction on the ketonic fraotions from

the strong phenols (day 4)and the tarry oils were done as

described in seotion A of this thesis. The results obtained

are tabulated below.

Equi1in Equilenin Estrone
mg. mg. mg.

Ketones from 6.18 3.83 17.50
the first Girard
reaction

Ketones from 24.70 15.30 72.50
the tarry oils

Total 30.88 19.13 90.00

High Vaouum Distillation of the Gombined Strong Phenols.

The combined strong phenols \8 days; day 8 was lost in

extraction) weighed 46.027 g. and contained 1,989,620 d./min.

when assayed by the method of Yates l29). In order to exolude

the volatile light oils from the C14 assay of the above frac

tion, the plates were air dried for 4 hours prior to counting

them.

The light oils were distilled under high vacuum as pre-

viously described. ~he apparatus used oonsisted of a 250 cc.

round bottom flask sealed at the neck to a piece of tubing



l3 cm. diameter) which in turn was connected by standard

tapered joints to a large test tube immersed in acetone-dry

ice. The round bottom rlask containing the combined strong

phenols was heated in an air oven as previously described.

At 49 0U distillation commenced (mainly benzoic acid) and the

process was continued until the temperature reaohed 1150 G

(a total of 10 hours). At the end of this perlod of time,

distillation ceased. The distillate weighed 28.0 g. and no

attempt was made to determine its 014 content. ~he residual

strong phenols welghed 18.012 g. and were found to contain

2,025,600 d./m~n. when assayed by the method of Yates t29).

129
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Girard Separation or the Gombined Strong Phenols.

The combined non-volatile strong phenols (18.012 g.)

were dissolved in 200 ml. of absolute ethanol and to this

solution was added 20.02 g. of Girard's reagent T plus 40 ml.

of glacial acetic acid. The mixture was refluxed for 1 hour

and was then separated into ketones and non-ketones as pre-

viously described. The yie1d of ketones, non-ketones and

tarry ails was 2.030 g.J 10.322 g., and 4.?34 g.J respective

ly. In order to obtain a better separation of ketones trom

non-ketones, the tarry olls and the non-ketones were again

reaeted with Girard's reagent T. The Girard fraetionatlon of

the combined strong phenols is outlined sehematically below.

t>tron Phenols

18.012 g. in 200 ml. ~tOH

+ 20.02 g. Girard T
+40 ml. Glacial acetie acid.

1
Ketones

2.030 g.

1
Ketones

1
Tarry Oils

4.734 g.

i" 50 ml. EtOH
+5 g. Girard T
+ 5 ml. glacial

acetic acid.

r
Non-Ketones

1
Ketones

1
Non-Ketones

+100 ml. EtOH
+10.02 g. Girard T
+20 ml. glacial

Boetie aeid.

1
Non-Ketones

0.443 g. 0.331 g. 0.410 g. 8.514 g.

~otal Ketones - 2.883 g.

Total Non-Ketones - 8.845 g.
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The fractions resulting from the Girard reaction on the com

bined strong phenols were diluted with absolute methanol and

aliquots were assayed for C14 by the method of Yates (2g).

In the table below is summarized the resu1ts obtained from

the ana1ysis of the above fractions.

Fraction Weight Radioactivity
mg. d./min.

strong Phenols 18.012 2,025,600

Ketones 2.030 456,250

Non-Ketones g.345 837,500

Ketones 0.410 36,000

Non-Ketones 8.514 776,000

Tarry ails 4.734 492,000

Ketones 0.443 132,500

Non-Ketones 0.331 40,000

Total Ketones 2.883 624,750

Total Non-Ketones 8.845 816,000

In the Girard reactlon on the tarry oils, 0.761 g. of

materla1 did not dissolve in absolute athano1 and was re-

covered at the end of the reactlon. The low yield (in weight

and radioactlvity) obtained from this reaction cannot at

present be explained. However, the ketonlc fraction from



132

these tarry oils were orystalline when taken to dryness and

reorystallizations from ethyl aoetate and absolute methanol

yielded 32 mg. of oolorless needles, m~p. 255-256oC. The

m.p. of these orystals wes not depressed on admixture with

authentio estrone, m.p. 258-260oC. When dissolved in sulphurio

aoid the ultraviolet speotrum given by this material was

identioal with the speotrum exhibited by authentio estrone

U~·ig. 17, page 133.). From the evidenoe presented above , it

was ooncluded that these orystals were pure estrane. The

mother liquors from the orystal1izations of the estrone from

the ketonio fraction of the tarry oils were added to the

ketonio strong phenolic fraction.

When pooled, the ketonic fractions of the oomblned strong

phenols and the strong phenols (day 4) weighed 3.410 g. An

aliquot of this ketonic fraotion was removed for chromatography

on alumina.

Alumina 0hr omat ogr aphy of the Ketonic Strong Phenols.

A portion (0.3326 g.) of the cOilloinea ketonic strong pnenols

was a1ss01vea. in 15 ml. ot oenzene witn gentle hea't1ng ana tne

solu~10n was adsoroed on 4 g. ai activated aluminaff contalnea

in a glass tube (9 cm. x 1.2 cm.). The estrogens were eluted

with 10 ml. portions of anhydrous benzene lfractions 1 to Il).

# The alumina was washed first with 6 N HCl and then exhaustive
ly with distilled water and aotivated by heating at 200 0C
for 24 hours.
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5% rnethano1-benzene (fractions 12 to 21) and 10% rnethanol

benzene (fractions 22 to 36). Nothing wes eluted with either

benzene or 5% methanol-benzenej most of the material was

e1uted in fraotions 22 to 24 with 10% methanol-benzene.

There was no separation of estrone, aquilin and equilenln

in the eluates and as a result this method of chromatography

was abandoned.

Chromatography of the Ketonic Strong Phenols on Celite.

A portion (O.5453 g.) of the combined ketonic strong

phenols 1f,.wa'S aô sor-bed from a benzene solution on 31 g. of

Celite previously Impregnated with 30 ml. of 0.4 N NaOH

solution in the manner previously described. The estrogens

were eluted with 20 ml. portions of benzene.

Fraction E1uant E1uates
No.

Weight B.Q.C. Absorption rn.p.
mg. reactlon at 340 mu. oC.

1 - 3 benzene 26.24

4 - 7 fi 100.08 257-258

8 - 15 " 37.88 + 238-241

16-- 17 " 2.52

18 - 28 " 22.16 + 258-260-r
29 - 33 ft 2.54
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From eaoh fraction eluted, an aliquot oontaining about

100 pg. of material was taken to dryness and the ~.Q.ü. re

action was done on it as previously described. Similarly,

an aliquot containing about 60 pg. was removed from each

fraction and taken to dryness. The residues were dissolved

in 3 ml. of' 95~ ethanol and the solutions were ana.ïvsec i 'or

their absorption maximum in the ultraviolet at 340 mp.

Fraotions 4 to 7 did not give the n.~.C. reaction and

did not exhibit an absorption maximum at 340 m~. Therefore

these fractions did not contain equilin nor equilenin. Aftel'

two recrystallizations from absolute methanol, these fractions

yielded 54.2 mg. of colorless crystals {m.p. 257-258°0) whose

rn.p. was not depressed on admixture with authentic estrone

{m.p. 258-260°0).

Fractions 8 to 15 gave a positive n.Q.G. reaction but they

did not exhibit an absorption maximum at 340 m~. ~herefore these

fractions must have contained equilin but no equilenin. After

two recrystallizations from ethyl acetate, these fractions yielded

14.5 mg. of small colorless needles lm.p. 235-2380C) whose m.p.

was not depressed on admixture with authentic equilin.

Fractions 18 to 28 gave a positive b.Q.G. reaction and

exhibited an absorption maximum at 340 m~. when tested in

ultraviolet light. ~herefore these fraotions must have con

tained equilenin. when taken to dryness these fractions

turned purplish-red. 'l'hese fractions were induced to
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crystallize from ethyl acetate, and on recrystallization from

abso1ute methanol yieldad Il.20 mg. of light rad needles

(m.p. 258-260°0). On admixture with authentic equilenin

(rn.p. 255-256°0), these need1as did not show a depression

in m.p. however, on admixture with authentic equilin there

was an 180 depression in m.p.

Ultraviolet Analysis of Estrone, Equilin and Equilenin.

Approximately 60 pg. of estrone, aquilin and aquilenin

in 3 ml. of 95% athanol was used to determine the1r ultra-

violet absorption values at the wave 1engths indicated in

the table below.

Estrogen log E f'ound log E given (53)

Estrone 3.39 (281 mJl.) 3.40 (280 mll.)

Equi1in 3.40 (282 mp.) 3.40 (280 mll.)

Equilenin 3.41 (340 mll.) 3.40 (340 mll.)
3.72 (279-280 mp..) 3.70 (280 mll.)

Ultraviolet spectra of' estrone, equilin and equi1enin

in su1phur1c acid (80-90 pe. in 3 ml. of conc. H2S04) were

determined alongside of samples of the corresponding authentic

estrogens. The results obtained are shown graphically ln

Fig. 18, p. 137, Fig. 19, p. 138, and Fig. 20, p. 139. It

ls seen from lfig. 18, p. 137, that the two curves do not
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correspond closely in the region 340-380 m~. In aIl the ultra

violet spectra of estrone in sulphuric acid thus far examined,

it was found that authentic estrone (isolated from mare's

pregnancy urinel .has a small peak at 350 mp. while estrone

purified by Uelite chromatography does not exhibit a peak in

this region. From this it was deduced that the nauthentic n

estrone must be contaminated with a SIDall amount of equilin

gince the latter exhibits its maximum absorption in sulphuric

acid in this region.

U14 Assay of ~strone, Eguilin and Equilenin.

The three isolated estrogens were plated as infinitely

thin plates (40-70 pg./cm2) from roethanolic solutions and were

thus assayed for their 014 content.

Estrogen

Estrone

Equilin

Equilenin

Specific Activity
d./min./mg.

641

328

304



PART II

URINARY ESTROGENS

L'\f THE: NORMAL MENSTRUAL CYCLE.

1. Introduction and Discussion.

141

Because human pregnancy urine contains large quantities

of estrogens (9) and because the state of pregnancy is of

such great clinical interest, a large number of investigations

have been reported on this source of estrogenic activity.

Following the discovery of Zondek (9), that human pregnancy

urine contains large quantities of estrogens, estrone \10,11),

estradiol~1?~(151), and estriol (149) were isolated from this

urine. Furthermore, Most of the methods of hydrolysis, extrac

tion and quantitative determination of urinary estrogens have

been deve10ped with human pregnancy urine. AS a resu1t, a

great dea1 of information has been gathered concerning the

excretion of estrogens in this urine. Doisy et al. (58), by

comparing the data pub1ished by Smith et al. (152) and bachman

and Pettit (88), estimated that in the last stages of human

pregnancyabout 30 mg. of total estrogens areexcreted daily.

This high level of urinary excretion has made it possible for

investigators to devise suitable methods for the separation

and quantitative determination of the urinary estrogens.

In sharp contrast to the amount of information that has

been gained concerning the estrogens in human pregnancy urine,
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very llttle ls known about the excretion of these hormones

in the normal menstrual cycle. This impasse is mainly due

to the low level of estrogens excreted by the normal femele.

Doisy et al. (58) , after evaluating the data published,

estimated that about l mg. of total estrogens (bioassay

value) is excreted during a normal menstrual cycle. It is

generally agreed that the maximum daily excretion of estrogens

during a normal menstrual cycle is about 100 pg., determined

by bioassay (153).

Until very recently the only reliable method for the

determination of such small quantities of urinary estrogens

was the bioassay technique (153). In reviewing bioassay

methods for urinary estrogens, Emmens (154) pointed out that

the typical vaginal smear test can give an estimate of the

potency of an extract within 80- 125% (P =0.95) using about

50 animaIs per substance under test and 50 animaIs on the

standard preparation. Therefore the values reported for the

urinary estrogens excreted by the normal female, using bioassay

methods must be regarded as questionable. It is also difficult

to assess satisfactorily the results of investigations on the

hormone content of normal female urine because the methods of

extraction and bioassay are by no means standardized, thus

making it difficult to compare results obtained by different

investigators. At this point, it will be helpful to review
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briefly sorne of the findings concerning the estrogens excreted

in the normal menstrual cycle.

The cyclical sexual phenomena occurring during the normal

menstrual cycle has recently been reviewed by Robson (155).

It is sufficient to state here that it has been convenient to

divide the normal menstrual cycle into two phases, the follic

ular phase \preovulatory phase} and the luteal phase (post

ovulatnry phase). ~he average length of the normal menstrual,

cycle is generally considered to be 28 days, but cycles of

21 and 36 days are not uncommon (155). Ovulation usually occurs

at the mid-menstrual period, but in a few cases anovulatory
1

menstrual cycleshave been described t156).

The investigations done on human urine prior to the dis-

covery that the estrogens present therein occur as water

soluble conjugates, which are only rendered ether soluble on

acid hydrolysis l7l), cannot be considered very reliable.

However, in the light of our present knowledge these earlier

investigations seem to be qualitatively correct and for this

reason they will briefly be reviewed here.

ln 1926, Loewe and Longe (157) were the first to find

that normal female urine contained estrogenic activity.

Siebke (158), in 1930, found that there was a peak in the ex-

cretion of estrogenic activity on the ninth day before men-

struation. Later, Gustavson and Green (159) found that there



was a rapid rise in the output of estrogens about the time

of ovulation and a second rise between the 14th and 2lst days

of the cycle followed by a graduaI fall. That there were two

peaks in the excretion of estrogens in the normal menstrual

cycle was confirmed by a number of investigators ~l60,l6l,l62).

The investigations cited above were done without hydrolysing

the urinary estrogen conjugates and must therefore be con

sidered only as qualitative. It was not until Cohen and

Marrian (71) showed the importance of hydrolysing human urine,

in order to extract the estrogens present, that reliable data

appeared on the excretion of estrogens in the normal menstrual

cycle.

~n 1936, Gustavson et al. (l63) repeated their investiga

tions but this time they acid-hydrolysed the urine prior to

extraction and bioassay of the estrogens present. These authors

again found two peaks in the excretion of estrogens in the

normal menstrual cycle and they claimed that 1.3 mg. of total

estrogens, equivalent to estrone, was excreted throughout the

cycle. About the same time Smith and Smith (164) published

their findings of the analysis of the urines of a large number

of females having normal menstrual cycles. ~he Smiths

observed a rise in the urinary excretion of estrogens on the

12th day before menstruation. In a few women, the Smiths did

not observe a rise in urinary estrogens in the middle of the
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menstrual cycle, but in these cases there was arise just

before bleeding commenced. These women, the Smiths assumed,

had anovulatory cycles.

In 1938, Smith, Smith and Pincus (152) determined the

urinary estrogens excreted in a normal menstrual cycle by

their own methods of hydrolysis and extraction and by the

methods described by Cohen and Marrian (71). Smith et al.

(155) hydrolysed the urine by refluxing with 15 volume per

cent concentrated Hel for 10 minutes and then extracted the

liberated estrogens with benzene. Cohen and Marrian {71)

hydrolysed the urine by first adjusting it to pH 1.0 with

concentrated HGl, adding an additional 3.3 ml. of 12 N HC1

per 100 ml. of urine and then autoclaving the mixture at l200C

for 2 hours. AS a further refinement, Smith et al. (152)

separated estrone from estriol by the procedure of Cohen and

Marrian (71) and compared the values obtained by their bioassay

method with the colorimetrie method for urinary estrogens

published by the latter (71).

The results obtained by Smith et al. {152)Jusing their

own methods for the determination of the urinary estrogens

in a normal menstrual cycle)compared very weIl with the re

sults obtained using the cohen and Marrian (71) methods.

These authors found that throughout the menstrual cycle,

estrone was excreted in larger amounts than estriol but that
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the excretion of estriol was greater in the luteal phase tha:n

during menstruation or the period of follicle ripening (fol

licular phase). Smith et al. (152) also found two peaks in

the excretion of urinary estrogens during the menstrual cycle.

Maximum excretion of the estrogens was observed on the l4th

to l6th days before menstruation. These authors found that

1.67 mg. of estrogens (expressed as estrone) was excreted

throughout the normal menstrual cycle. Of the estrogens ex

creted, 0.99 mg. was found in the estrone fraction and 0.46 mg.

was in the estriol fraction. At the time that these invest

igations were done t it was not known that estradiol-17 f3 Ls

a normal constituent of human non-pregnancy urine. because

estradiol-17/3 is ten times more potent biologically than

estrone (154) t the values found for urinary estrane and

estriol in the normal menstrual cycle by Smith et al. (152)

cannot be considered as accurate.

In another investigation of the estrogens excreted during

the normal menstrual cycle, Smith and Smith \166) found evi

dence which suggested that estradiol-17 fJ (called "x" estrogen

at the time) was extracted in the estrone fraction in the

üohen and Marrian fractionation procedure (71). This finding

e«plained the elevated biological activity which was observed

in the estrone fraction as compared with the values obtained

for this fraction with the colorimetrie procedure of Cohen

and Marrian (71).
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~ased on their observations of the excretion of urinary

estrogens in the normal menstrual cycle,and from the results

published by other investigators, Smith and ~mith \166) pro

posed a theory to explain the variation in excretion of the

urinary estrogens in the normal female. Pincus and Zahl (167)

determined the urinary excretion of estrone and estriol under

various experimental conditions following the administration

of known amounts of either estrone, estradiol-17~ or estriol

to rabbits. They found that, a) estradiol-l?~ ls converted

into estrone by rabbits with intact ovaries and that this

conversion is reversible; b) estrone is converted into eatriol

when the uterus is present and under ovarian control, this

conversion being Irreversible and greatly faci1itated by

luteal secretion and c) that the luteal hormone partially

protects these three estrogens against destruction, thus per

mitting bath utilization and excretion, there probably being

no renal threshold. About this time, Venning and Browne (168)

found that the urinary excretion of pregnandio1, a urinary

metabolite of progesterone, i8 very high during the luteal

phase of the menstrual cycle and falls to a low value l to 3

days before menstruation.

From the data cited above and from their own observations

of the increased urinary excretion of estriol during the luteal

phase of the menstrual cycle, Smith and Smith (166) proposed
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the fo11owing theory concerning the metabolism of the estrogens

during the normal menstrual cycle.

1. Estradiol-17ft is convertible to estrone and the con

version is reversib1e.

2. Progesterone, acting through the uterus, brings about

the conversion of estrone to estriol.

3. Progesterone partially protects the estrogens against

destruction, thereby al10wing greater utilization and excretlon.

4. A deficiency of progesterone, therefore results in

a) reduced conversion to estrio1, b) reduced conversion of

estradio1 to estrone and c} a greater destruction of aIl

estrogens.

This theory of the ~miths is based to a large extent on

the 1evels of the estrogens excreted during the normal menstrual

cycle. Sinee the methods used in the hydrolysis and extraction

of the urine are the 1imiting factors which determine the

accuracy with which the urinary estrogens can be measured, we

will now proceed to discuss these methods.

A large number of methods for the hydrolysis and colori

metrie estimation of urinary estrogens have been pub1ished

in the last 15 years. Theae methods have recent1y been ex

tensive1y reviewed by Van Bruggen (16~, Marrian and Bauld

(170) and Marrian (153). A review of these topies here ,
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would therefore be superfluous. tlowever, a few of the more

important methods pertaining to this investigation will be

discussed.

It is genera11y agreed that the 0mith and Smith (165)

method of refluxing the urine with 15 vo1umesper cent HCl

for 10 minutes does not effect a complete hydrolysis of the

urinary estrogens. Marrian and Hauld (170) suggested that

the time of refluxing should be extended to 60 minutes.

Theae authors also recommended that during hydrolysis, the

urine should not be in contact with the air, since it has

been shovm that under these conditions the oxygen in air

destroys the estrogens (26).

In recent years, it has been found that enzymatic

hydrolysis of the urine is a very effective method of spllt

ting the estrogen conjugates and that this method yields

very pure estrogen extracts. Buehler et al. (171) have found

that glucuronidase prepared from E. coli can effectively

hydrolyse the conjugated estrogens in the urine of pregnant

women. These authors reported yields of total estrogen

(determined blo1ogically and co1orimetrically) by enzymatic

hydrolysis which in nearly every case were somewhat higher

than those obtained by acid hydrolysis. Hecently beer et al.

(172) administered estrone-16-C14 and 17fi -estradiol-16-~14

to a human remale, and the urinary estrogens were hydrolysed
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both with ao1d and calf-spleen-,B -glucuronidase. These

authors found that acid hydrolysis yie1ded larger amounts

of radioactive material extractible with ether but that

fractionatlon of the urine after hydrolysis by these two

procedures yie1ded fractions containing different amounts

of c14• Thus it ls possible that acid hydrolysis may alter

the estrogens.

Butenandt and Hofstetter (173) , did not actually isolate

estrone sulphete from human pregnancy urine, but they pre

sented evidence which strongly suggested that estrone is ex

creted by the human as the sulphuric acid ester. Crepy (174)

incubated estrone, estradlo1-l7}9 and estriol with liver slices

and concluded that estradiol-17fi and estriol were conjugated

for the Most part with glucuronic acid, whereas estrone seemed

to be conjugated with another substance resembling sulphuric

acid. These observations prompted Cohen and Bates (175) to

hydrolyse human pregnancy urine enzymatical1y, with a su1phatase

preparation from aspergillus oryzae. These authors found that

su1phatase was 20% more efficient in splitting the estrogen.

conjugates than was ac1d hydrolysis.

Recently, stimmel (176), using chromatography on alumina

to purify the estrogens, and a modified Kober colorimetrie

method for their determination, measured the amounts of free,

~ -glucuron1dase, phenolsulphatase and hydroehlorie aeid
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hydrolysable estrogens in hunan pregnancy urine. 'l'he results

obtained using 24 hour samp1es of urine were as follows;

a) only traces of free estrogens occur in the urine, b} the

major portion of the conjugated estrogens (estrone, estradio1

-17 f3 and estriol) were f; -glucuronidase hydrolysable, a small

portion however, cou1d only be hydrolysed with hydrochloric

acid and c) phenolsulphatase only hydrolysed 20% of the total

conjugated estrogens. From the data clted above it is evident

that there are estrogen conjugates in the urine other than

glucuronides or sulphuric acid esters, which can only be

hydrolysed with hydrochloric acid. Although direct evidence

of the nature of the estrogens conjugates in human non-preg~ancy

urine i5 lacking, it has been generally assumed that the

estrogens are conjugated in this urine in ,the same way as in

human pregnancy urine.

When it was established that aside from estrone and

estriol, estradiol-1713 ls also present in human pregnancy

urine, a number of investigators set out to develop solvent

partition methods for the separation or these three urinary

estrogens. The first advance in this direction was made by

Mather (87l who investigated the distribution of estrone,

estradlol-17j9 and estriol among, imiscible solvent pairs and

found that washing a benzene solution containing the three

estrogens wlth 0.3 M Na2C03 quantitatively removes estriol

from estrone and estradiol-17j3 •
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At the sarne time, ~achman and Pettlt (88) pub1ished

sorne data on the extraction and partition of estrogens added

ta hun~n pregnancy urine, and the partition of crysta1line

estrogens added to ether and benzene solutions. These

authors found that washing an ether solution containing

the three estrogens with 9% NaHC03 does not remove any of

the estrogens, whereas 9% Na2C03 removes about 20% of the

estriol present. uonsequently, these authors used a 9%

NaHC03 wash to remove organie acids from the ether extract

of acid hydrolysedurine. ~achman and Pettit (88) also

found that 0.3 M Na2C03 will separate estriol from estrone

and estradiol-17~ when a benzene solution of the three

estrogens ls washed with this weak base. These authors

showed that washing the estrone-estradiol fraction con

tained in benzene with concentrated s ulphuric aeid removes

a lot of the pigments present in this fraction, without

removing the estrogens.
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In 1945, Pincus (177) published a procedure for the

extraction and partition of estrogens which was essentia11y

a modification of the procedure ear1ier pub1ished by Mather

{87}. However, Pincus (177) separated estrone from estradio1

-17 f3 with the use of a micro-Girard met hod , The fractiona

tion procedures of Bachman and Pettit (88) and Pincus (177)

are shown schematica11y below.

Pinous Modifioation of the Mather Partition.

1
Non-Ketones
Estradio1 fraction

Estrogens in Benzene
1

Na2c03

r-------I- - - _
1

Na2C03

acidified "C' Hel
extract tr ether

1
Ether

disti11 to dryness

1
Residue

Estriol fraction

1
Benzene

evaporated to dryness
do Girard separation
on residue.

1
Ketanes
Estrane fraction
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Bachman and Pettit Partition

It i8 important to note that Pincus (177) employed a

saturated solution of Na2C03 to wash the initial ether extract

of the hydrolysed urine, a procedure which, in view of Bachman

and Pettit's work, results in a significant 108s of estriol

early in its handling.

Recently, Friedgood and Garst (178) have published the re

sults of an extensive investigation into the application of

ultraviolet spectroscopy to the determination of urinary
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estrogens, but untortunately they have limited their study

to the tractionation of the crystalline hormones. These

authors pointed out the inadequacies of the methods of ex

traction and assay of the estrogens excreted in human preg

nancy urine, which had been previously pUblished by Cohen

and Marrian (71), Smith et al. (165) and Pincus et al. {179).

In the light of the findings of Mather (87), Bachman and

Pettlt (88) and Pincus (177), it ls evident that the Uohen

and h~rrian procedure (section A of this thesis) for the

fractionation of urinary estrogens (71), which was adapted

by ~mith and omith, does not give an accurate account of the

esür-ogen- titer in human urine. As a result, the estrogen

content of human pregnancy and non-pregnancy urlne has been

reinvestigated ab initio in recent years, employing improved

methods of hydrolysis, extraction and assay of the urinary

hormones. In reviewing these methods, particular attention

will he given to the estrogen content of human non-pregnancy

urine.

In 1943, Jayle, Crepy and Judas (180) studied the estrogens

excreted in the urine during the normal menstrual cycle of

eight wornen, using their modified Kober method for the estima

tion of the estrogens. The curves for the excretion of the

estrogens, obtained by these authors, were generally the same

for the eight cycles studied. There was; a) a moderate initial
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rise in estrogen exeretion before menstruation, followed by

a second peak at ovulation having a maximum of between 250

and 450 pg. of estrogens per litre of urine, and b) this was

followed by a depression in estrogen exeretion and the 1uteal

phase was marked by a flattened peak whieh fell to about 100 ~g.

of estrogen per litre a few days before menstruation. · These

results are only qualitative sinee the colorimetrie method

used by these investigators is aeeurate for the determination

of urines eontaining about 1000 ~g. of estrogen per litre.

~timmel (181) has reeently devised a color correction

equation for the Kober reagent in arder to make allowance for

the high readings given by the reagent, which are mainly due

to non-specifie absorbing impurities. rte applied this method,

as weIl as his alumina chromatography procedure \145), to the

determination of the estrogens excreted during a normal men

strual cycle. However, Stimmel round that he could only

measure the estrogens excreted during the mid-menstrual rise

in the cycle, for which he obtalned 23 pg. of estrone, 20 pg.

of estradiol and 18 ~. of estrial per 48 hour samples of urine.

During the rest of the menstrual cycle, the amounts of estrogens

excretedwerebelow the sensitlvity of his method of assay.

In recent years, a number of refinements have been intro

dueed lnto the measurement of urinary estrogens. In 1947,

Bates and Oohen l182), Jailer l183) and ]'inkelstein, Hestrin
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and Koch (184, simu1taneous1y described methods for the

quantitative estimation of estrogens dsing f1uorimetry. The

chemlcal basis of the reaction ls simllar to, If not identica1

with that of the Kober reaction. With this method of assay

only 0.1-5 pg. of estrogens are requlred.

Jai1er (185) app1ied the fluorometric method for the daily

determination of estrone and estradio1 excreted in the urine

of 3 women with normal menstrual cycles. He used the ~achman

and Pettlt method (88) for the fractionation of the urine.

The curves obtalned for the urinary excretion of the estrogens

during the menstrual cycle had the same shape as those published

earlier by Gustavson et al. (163) who analysed the urinary

estrogens by bioassay. There was a peak in the urinary ex-

cret ion of the estrogens immediately precedlng ovulation as

judged by the abrupt rise in body temperature. Jal1er (185)

stated that he could not measure estriol by this method because

of the interference from urinary chromogens, which did not

separate from the estriol fraction by differential solubillty.

Salter et al. (186) devised a fractionation procedure

for the extraction of "estroids" from non-pregnancy femaie urine,

which was a modification of the methods described by Bachman

and Pettit (88) and Pincus (1'7'7). The "estroids" consisted

mainly of estrone and estradiol and sorne estriol, and-we-r-e ex

pressed as estradio1 equivalents. l!'or the estimation of the
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urinary estrogens these authors used a modified Kober reaction

which they clalmed to be capable of removing the brown inter

fering pigments usually encountered in this reaction. These

investigators analysed the estrogens excreted in a normal

menstrual cycle, but their results are not reliable since

their methods were only capable of recovering 50% of the

estrogens added to the urine.

Engel et al. (18?) have recently developed a counter

current distribution method for the separation of the estrogens.

These investigators have applied the above method for the

fractionation of the urine collected during the preovu1atory

and postovulatory phases of a norr~l menstrual cycle. They

found 15 pg. of estrone in the tirst 14 deys of the cycle and

12 pg. of estrone plus 34 pg. of estriol in the last 12 days

of the cycle. No estriol wes found in the preovulatory phase,

and estradiol-17~ was not detected throughout the cycle.

In 1952, Smith and Smith (188) published so~e results

of recent investigations of the estrogens excreted during the

normal ~enstrual cycle. The Smiths hydrolysed the urine by

refluxing it for 10 minutes with 15 volumœper cent HCl and

they extracted estrio1 out of benzene with 0.3 M Na2C03' and

estrone plus estradiol-17~ out of ether with 0.1 N NaOH.

Estrone was separated from estradio1 by the use of Girard's

reagent T. In this fractionation procedure, the Smiths round
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that 10% of the estradiol entered the estrio1 fraction and

they therefore corrected for it in the bioassay of the

estriol fraction. The resu1ts obtained by the Smithsare

tabu1ated below.

Fraction j!;strogens found 'l'ype
t-tB.!24 hours of urine

Estradiol 5.6
Luteal

Estrone 50.0 phase

Estrio1 95.0

Estradiol 1.r!.:
Follicular

Estrone 5.0 phase

Estriol 4.0

From the discussion presented aboya, it is evident that

a re1iable method for the determination of thelow estrogan

titer present in normal famale urine has not yet been evolved.

Because of this situation, we endeavoured to develop a pro

cedure employing paper chromatography for the determination

of the estrogen content of normal female urine. The methods

used in this investigation and the preliminary results ob

tained will now be discussed.

The theory of Smlth and Smith (166), concerning the

metabolism of e.strogens in the human femala, ls based Iargely
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on the relative amounts of estrone, estradiol-l?fi and estriol

excreted in the urine. It was therefore assumed that an

accurate determination of the three estrogens in the luteal

and follicular phases of the normal menstrual cycle, with

the use of paper chromatography, would either strengthen this

theory or disprove 1t.

- - - - - - - - - - - - -The-ur b le- ana l ys e-dîn -t hTs -f nves-t fga t-fon was donated by

a young woman, 20 years of age, who had a normal menstrual

h1story sinee puberty at the age ot 13. This young woman

had a regular menstrual cycle lasting 28 to 31 days. The

time of ovulation was determined by observing the basal body

temperatures taken rectally on awakening each morning.

Buxton and Atkinson (189) have used this method extensively

and they found that there is a 0.6-1.0oF rise in basal body

temperature at ovulation. The basal body temperature curves

obtained throughout the menstrual cycle were similar in shape

te the eurves published in the literature (189). The curve

obtained during the second menstrual cycle analysed in this

investigation, ls shown in Figure 21, p. 161.
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In figure 21, it is seen that there is a rise in body

temperature on day 15, which indicated that this day was the

day of ovulationo The urine collected on days 5 to 13 and

days 17 to 28 were designated as the preovulatory and post

ovulatory urines respectivelyo Two menstrual cycles were

examined in this investigation.

The urine collected during the two menstrual cycles was

hydrolysed by two methods. In the first menstrual cycle ex

amined, the urine was hydrolysed by refluxing it with 15 volumes

~ HGl for 10 minutes. This procedure has been extensively

used by the Smiths (188), but Marrian and Bauld (170) and a

number of other investigators claim that the period of reflux

is too short to effect a complete hydro1ysis of the estrogen

conjugates. In the second menstrual cycle examined, the urine

was hydrolysed by refluxing it with 15 volumœ% HGl for 60

minutes 0 This second method of hydrolysis has been shown to

be superior to the 10 minute hydrolysis (170). The two methods

of hydrolysis were used in order to determine for ourselves

their relative merits.

The acid hydrolysed urine corresponding to the pre-and

postovulatory phases of the menstrual cycle was fractionated

by the method described by Engel et al. (187). This procedure

has been found to give a 90% recovery of estrone, estradiol-17~

and estriol added to normal female urine.
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The fractionation scheme as adapted for this investigation

is outlined below.

Hydro1ysed Urine in
1000 ml. j!;ther

1 _
washed c 2 x 1/15 vol.
satd. NaHC0 3 and
l x 1/3 vol. H20

AQ.ueous phase
discarded

Discarded
washings

Ether evaporated
and residue
disso1ved in 80 ml.
toluene.

1
To1uene extracted c
4 x 1/4 vol. lN NaOH
and 2 x 1/20 vol. H

20

~oluene conta1nea
.Neutrals

\--1
Discarded Evaporated ether
aQ.ueous phase Estrogens

A1kali J:>hase
adjusted to pH 8.5-9.0 #
~ 6 N H2S04, added butfer

and extracted ë 4 x 1/4 vol.
ether

# The buffer solution was prepared by mixing 20 volumes of

saturated KHC03 with l volune saturated K2G03 and 2 ml. of

butfer per 100 ml. of solution was used.
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Engel et al. (187) found that a complete recovery of

estrone, estradiol-17~ and estriol is obtained by ether ex

traction of the alkaline extracts containing these estrogens,

after adjusting the pH of the solution to 9 ~ 0.5. These

authors also found that extracting the estrogens at pH 9

removed a lot of colored pigments which Interfere with the

subsequent determination of the estrogens.

When this investigation was started a few methods were

available for the separation of estrone, estradio1-l7~ and

estriol by paper chromatography (103,104,190,191). However,

aIl these methods utilized paper strips which had been treated

in various ways in arder to facilitate the separation of the

estrogens. The difficu1ties encountered in the use of pre

treated paper strips wer.e discussed in section A of this thesis.

Dr. K.Savard, of the Worcester Foundation (192), suggested that

the chromatography system, o-dichlorobenzene-formamide-methanol

(1:1) was capable of separating the natural estrogens. In

trial experiments with this method of chromatography using pure

estrone, estradiol-17)B and estrio1, the Rr values obtained

in 3.75 hours were 17.7, 5.0 and 0.0 respectively. The pro

cedures of chromatography used were essentially those described

by Burton et al. (105).

While this inveBtigatlon was in progress, three methods

were published for the separation of microgram quantities of
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the natural estrogens. Hitman and bykes (193) separated

estrone, estradiol-l?~ and estriol by chromatography of the

estrogens on Celite previous1y impregnated with 2.3 N NaOR.

This method i8 capable of separating 2-10 pg. amounts of the

three estrogens. Heusghem (194) found that paper strips

saturated with ammonium hydroxide as the stationary phase and

a mixture of 1 part of chloroforID, 9 parts of benzene and 1

part of N ammonium hydroxide as the mobile phase, can readi1y

separate the three natural estrogens. Axelrod (105) published

a paper chromatography method for the separation of the natural

estrogens using the system o-dich1orobenzene-formamide-methanol

(l:l). With this method, Axelrod was able to demonstrate the

presence of estrone, estradiol-17~ and estriol in a 48 hour

sample of normal female urine.

ln a pre1iminary experiment using normal female urine, the

methods described by Axe1rod tlq6) gave very promising results,

and they will therefore be dealt with here in some detai1.

Axelrod used formamide-methanol (1:1) as a stationary phase in

aIl his experiments, but he devised different mobile phases

for a variety of uses. With methylcyclohexane as a mobile phase,

the estrogens remain at the origin, but the impurities extracted

with the estrogens travel away from the origine Methylene

chloride when lised as a mobile phase can separate estrlol from

the polar impurities et the origin in 10 hours of chromatography.
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To identify the estrogens on the paper strips, Axelrod (106)

devised a large number of spot tests which yield characteristic

colors and distinct ultraviolet fluorescence.

For the quantitative determination of the estrogens,

Axelrod (106) eluted them from the paper strips with absolute

Methanol and analysed their ultraviolet absorption at 280-282

m~. As a blank in these determinations, a Methanol extract of

a paper strip equal in area to the estrogen spot eluted was

used. Using this method, quantitative recoveries of the

estrogens were reported. As an aid in the identification of

the estrogens, Axelrod found that in sulphuric acid, estrone,

estradiol-17fi and. estriol gave characteristic ultraviolet

absorption spec~ra.

ln this investigation, the proceaure or Axelrott (106),

describe<1 aoove, was used -cnrougllou-c. The urine col1ected

daily from a normal female, was hydrolysed by refluxing it ror

ei-cher 10 mtnuues or 60 mï.nut.e s with 15 volumes% HOI under a

cover of to1uene. The toluene served to protect the estrogens

from destruction by the oxygen of the air. Cohen and Bates

(175) found that when using a cover of toluene during acid

hydro1ysis of the urine larger amounts of extractible estrogens

were obtained. The acid hydrolysed urine was then extracted

thrice with 1/2 volumes of toluene and the toluene extracts

were reduced to dryness. This prooedure was repeated with aIl
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the urine collected and the pooled extracts from the pre and

postovulatory phases were fractionated by the procedure of

Engel et al. (18?) which was previously described.

After processing the urine collected during two menstrual

cycles, four urinary fractions were obtained; two preovulatory

phase fractions and two postovulatory phase fractions. The

-f rrs~- pre--anû- Jfostovulfftory-~ra-ct-ions-were-hyàrGlysed -f or-~Û-- - - _

minutes and the second pre· and postovulatory fractions were

hydrolysed for 60 minutes. The procedure used to separate the

estrogens contained in these fractions is as fo11ows. A portion

of each fraction (~ 50 mg.) was first chromatographed in the

system methy1cyc1ohexane-formamide-methanol (l:l) using a wide

paper strip {l3-15 cm.}. The estrogens were then eluted from

the origin of this paper strip and were chromatographed with

the system o-dichlorobenzene-formamide-methano1 (l:l), using

a paper strip 3-5 cm. wide. ~n this latter system a number of

distinct areas were usua11y obtained and these were eluted and

rechromatographed in the system o-dich1orobenzene-formamide

methano1 (1:1).

The areas thus obtained were now eluted with absolute

methanol along with an equal area of a paper strip run as a

-------hlank.- _The_mathanoL~uate s were tested in the ultraviolet at

280-281 ~. using the methanol eluates of the blank paper

strips as a solvent blank. After determinlng the concentration
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of the estrogen, an aliquot t80-90 ~.) was taken to dryness

and the residue was used to find its ultraviolet speotrum in

su1phurio aoid, by the method of Zaffaroni (91). Sinoe

estriol stays at the origin in the two ohromatography systems

desoribed above, it was ohromatographed separately in the

system methylene ohloride-formamide-methano1 (1:1) for 12

hours in order to separate it from the polar impurities at

the origine The estriol was then eluted and analysed by the

methods desoribed above.

in order to looate the estrogens on the paper strips, a

2 mm. portion was out out and immersed in 15% fuming sulphuric

aoid. The estriol area gave a pink oolor in this test, while

estradiol-17~ turned orange-yellow and estrone gave an orange

tan oolor. This method had a sensitivity of 5 ~g. per om. 2

for the three estrogens. After the oolors produced by the

estrogens in su1phurio acid were observed, the strips were ex-

amined for their fluoresoenoe using an ultraviolet light souroe.

Estriol gave a pink-green fluoresoenoe in sulphuric aoid, while

estradiol-l7~ and estrone gave a greenish-yellow fluoresoenoe.

The fluoresoenoe reaotion had a sensitivity of about 1. ~g.

per om.2 for estrone , and estradiol-17~ , and 5 ~g. per om.2

for estriol. In every ohromatogram run, the strips were

analysed by this sulphurio aoid method.
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The estrogen extract of the first preovulatory phase

weighed 275 mg. This extract contained the estrogens extracted

from the urine collected on the first 10 days following

menstruation. A 27.5 mg. portion of this extract was chromatog

raphed on 3 cm. wide paper strips as outlined above, and the

areas thus obtained were eluted and analysed by the methods

previously described. lt was found that the impurities present

in the extracts interfered with aIl the methods used to analyse

the estrogens. These results indicated that these extracts

would have to be purified prior to separations of the estrogens

by paper chromatography.

In this laboratory, it was found that crude urinary

estrogen extracts can be purified by chromatography on Celite

magnesium silicatetl:l). Therefore, 193 mg. of the first

preovulatory fraction (corresponding to 7 days of the cycle)

was adsorbed from a benzene solution on a column of 4 g. of

Celite-magnesium silicate (1:1), and the estrogens were eluted

with, a) 150 ml. of benzene, b) 300 ml. of benzene, cl 200 ml.

of 10% ether-benzene and d) 200 ml. of 25% ether-benzene.

Fraction a) removed a lot of oily material but in fractions

b) and c) red pigments were eluted which usually travel with

the estrogens. Fraction d) removed a lot of brown colored

material from the top of the column. After the column was

eluted as described above, a large quantity of dark brown

pigments remained at the top of the column.
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Fractions b) and c) when combined weighed 25.27 mg. and

they were chromatographed on a paper strip 10 cm. wide, for

24 hours, in the system methylcyclohexane-formamide-methano1

(1:1). At the end of this chromatogram, the material e1uted

from the origin weighed 5.76 mg. which indicated that methyl

cyclohexane removed a lot of impur1tles from the paper strip.

This purified fraction was now chromatographed on a paper

strip 3 cm. wlde, for 6 hours, with the system o-dich1oro

benzene-formamide-methano1 (1:1). On testing a narrow portion

of this paper strip in 15% fuming sulphuric acid, 4 distinct

areas were noted as shovm diagramatically be1ow. These 4

areas were e1uted with abso1ute methano1 and chromatographed

in the systems indicated below.
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cm.

Chromatography
oystem Used

-Areas tested c
15% H2S04

--------~)o-dichlorobenzene----~)orange area
forma~ide-methanol 2 cm. from origin

(1: 1)

Methylene chloride pink area
--------+) formamide-methano1~ 4. 7 cm. from origin

(1: 1)

__~)two ye11ow-orange
areas at 6.4 cm.
and 10.5 cm. from
the origin

ft)C----~

5

o

10

15

----~~o-dichlorobenzene --~)tan area remained
formamide-methanol at the same position

(1: 1)

Area A was e1uted from the paper strip with absolute

methanol, after chromatography in methy1ene ch1oride-formamide

methanol (1: 1) for 12 hours. j!'rom the extinction coefficient

of this methanol solution in the ultraviolet at 280 m~.J it

was calculated that there was originally 158 ~g. of estriol

present in fractions b} and c) from the Celite-magnesium

silicate column. j!'rom this result it was calculated that the
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amount of estriol excreted in the tiret preovulatory phase

was 22.5 pg./24 hours. The ultraviolet spectrum in sulphuric

acid of this estriol corresponded closely to the spectrum

given by authentic estriol (fig. 22, p. 173). In Fig. 22,

it Is sean that in the case of the isolated estriol, the

absorption peak at 454 mu. was shifted to 490 mp., indicating

that the estriol was not entirely pure.



2.3 tigure .22 .
173

• - t::1u fhenl,-c E~fYJo)

o - /~oJQtecl Esfrlol

1.9

1.7

1.5

1~

~....
~ 1.1
~

~

~
.0
~

d"
0.7

0.1

'2.'>.0 '380 42.0 460 500 540



174

When areas B, C, and D wer~ rechromatographed, and the

spots obtained were eluted with absolute methanol, and examined

spectroscopically as described above, there was no indication

of the presence of any estrogens. The material eluted in

fraction d} from the Celite-magnesium silicate column (25%

ether-benzene) was processed in the sarne manner as described

for fractions b) and cl. Here, however, no estrogens could

be detected by paper chromatography. This result indicated

that aIl estrogens were eluted from the Celite-magnesium

silicate column with benzene and 10% ether-benzene. Since

estriol was the only estrogen that could be readily identified

in the urinary extract of the first preovulatory phase, it was

decided to limit this investigation to isolation of this

hormone from the remaining extracts to be processed.

The estrogen extracts from the first postovulatory phase,

the second preovulatory phase and the second postovulatory

phase were chromatographed on Celite-magnesium silicate (l:l).

In these chromatograms, aIl the eluates were pooled and reduced

to dryness. From tpe purified extracts thus obtained,

40 t050 ~g. of material were removed tor paper chromatography.

The methods of chromatography were identical to those used in

separating estriol trom the tirst preovulatory phase.

ln every instance, the amount of estriol isolated was

determined from the extinction coefficient in the ultraviolet
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at 281 m~., and then a portion of the estriol was used to

obtain its ultraviolet spectrum in sulphuric acid. The ultra

violet spectrum of the isolated estriol, taken in absolute

Methanol, was identical to the curve published by Friedgood

and Garst (178). However, the ultraviolet spectrum of the

isolated estriol in sulphuric acid did not correspond closely

to the spectrum given by authentic estriol in the region

400-520 mp. This is demonstrated in Fig. 23, p. 176, which

represents the absorption in sulphuric acid of estriol isolated

from the second postovulatory fraction.

Similar absorption spectra were given by the estriol

isolated from the 2nd preovulatory fraction and the lst

postovulatory fraction.
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The non-correspondence of the two curves is probably

due to some polar Impuritles in the urine, which trave1

with estriol on the paper strips. It is important to note

that the brown calor interfering with the Kober reactian

on urinary estrogens shows considerable absorption in the

region 420-520 mp. (153). Also, Jailer (185) encountered

great difficulty in determining urinary estriol when he

attempted to measure its fluorimetry in 60 to 70% sulphuric

acid.

Rechromatography of the iso1ated estrio1 in the system

methylene chloride-formamide-methanol (1:1) did not remove

the material interfering with the absorption of estrio1 in

sulphuric acid. It is therefore evident that a superior

method will have to be developed for the purification of

the estrogen extracts betore separating the estrogens by

paper chromatography. It may weIl be that passage of the

crude estrogen extracts through amberlite IR4B, as described

by bauld (195), will separate the interfering pigments trom

the estragens.

The amounts of estriol present in the urine co1lected

during two menstrual cycles are shawn below (page 178.)

177
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Nature of Urine Method of Estriol found
Hydrolysis pg./24 hours.

lst preovulatory 10 min. reflux 22
with 15 vol. %

HCl

lst postovulatory 127

2nd preovulatory 60 min. reflux 195
with 15 vol. %

HCl

2nd postovulatory 92

From the resu1ts shown above, it can be seen that in the

first menstrual cycle examined, more estriol was excreted in

the luteal phase than in the follicular phase. In the second

menstrual cycle examined, the reverse situation was found.

Generally speaking it can be said that 50 minutes hydrolysis

with 15 vol. %HCI yielded larger amounts of urinary estriol

than the 10 minute hydrolysis. ~he low value for estriol

found in the 2nd postovulatory urine may be due to the fact

that this fraction had to be chromatographed twice on Gelite

Magnesium silicate (1:1) in order to purify it.

Axelrod (106) wes able to demonstrate the presence of

estrone, estradiol-17P and estriol in a 48 hour sample of

normal female urine. However, he hydrolysed the urine by

acidifying it to pH 1 with HC1, and he then separated the



free estrogens by continuous ether extraction. This mild

treatment of the urine did not hydrolyse aIl the estrogen

conjugates, but it yielded an extract which was relatively

free of impurities. From sueh an extract, Axelrod was

successful in isolating the three natural estrogens.

The results obtained in this investigation indicate

that there is more estriol excreted in normal female urine

than had been previously found by other investigators. tlow

ever, these results do not allow an evaluation of the theory

of Smith and Smith (166) concerning the metabolism of the

estrogens in the normal female.

179
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2. Experimental.

The urine used in this investigation was collected from

a 20 year old woman throughout two menstrual cycles. This

young woman had a normal menstrual history since puberty at

the age of 13, and the length of her cycles was 28 to 31 days.

Collection and Hydrolysis of the Urine.

The urine was collected in glass bottles containing about

200 ml. of toluene. When it was not possible to hydrolyse

the urine within 24 hours after collection, the urine was

stored in the cold with a cover of toluene. Each 24 hour

specimen of urine was covered with an equal volume of toluene

and the mixture was heated until it refluxed. Then 15 vol. %

conc. Hel acid was added to the mixture through the condenser,

thus making it possible to time accurately the period of

hydrolysis. The urine collected during the first menstrual

cycle was hydrolysed for 10 minutes, and the urine from the

second menstrual cycle was hydrolysed for 60 minutes.

The hydrolysed urine was immediately cooled and the toluene

layer was separated. Theu the hydrolysed urine was extracted

three times with half volumes of toluene. Emulsions were

encountered during the toluene extraction and these were broken

by filtration. 'l'he total toluene extract was reduced to a

small volume by distillation of the toluane on the steam bath
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under reduced pressure. ~his toluene extract, corresponding

to a 24 hour specimen of urine, was stored in the co1d.

~asal Body Temperatures.

During the two menstrual cycles in which the urine was

examined, the day of ovulation was determined by observing

the basal body temperatures throughout the cycle. Rectal

temperatures were taken on awakening each morning, and the

temperatures obtained were plotted as shown in the previous

section. ln the first menstrual cycle there was a rise in

body temperature on the l6th dey, and the cycle was 28 deys.

Therefore the toluene extracts of the acid hydrolysed urine

from day 5 to 14 were combined and were designated as the lst

preovulatory fraction, while the toluene extracts from the

last 10 days were designated as the lst postovulatory fraction.

Menstrual bleeding occurred during the first 5 deys or the cycle.

~he duration of the second menstrual cycle was 28 dayst

and the rise in body temperature occurred on the 15th day.

The toluene extracts from the first 10 days ~ollowing menstrua

tion were combined and designated as the 2nd preovulatory

fraction; the toluene extracts from the last 10 days of the

cycle were co~illined and designated as the 2nd postovulatory

fraction.
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Extraction of the Urine.

The toluene extracts of the four fractions described

abeve were reduced te dryness in vacue on the steam bath and

the residues were dissolved in 1000 ml. of peroxide free ether.

Then the ether solutions were extracted by the method of Engel

et al. (187), which was described in detail in the previous

section. This extraction procedure yielded the estrogen

extracts which were dried in vacuo and weighed.

Fracti.on Weight
mg.

lst Preovulat o'ry 275

lst Postovulatory 361

Bnd Preovulatory 283

2nd Post ovulatory 902

Paper Chromatography.

The methods of chrornatography used were essentlally those

described by Burton, Zaffaroni and Keutman (105) and Axelrod

(106), except for some minor innovations.

Chromatographie Apparatus.

Three chromatography chambers were lised. Each of these

consisted of a Mallinkrodt 5 lb. ether can, the top of whieh

was removed; a shelf wes welded 1/3 of the distance aeross
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the diameter. The chambers were covered with glass plates,

15 inches square, and made air tight by sealing the outside

edge of the chamber to the glass plate with plasticine.

Porcelain-enameled sterilizing trays, 8 x 2 1/2 x 1 3/8

inches, were used as reservoir troughs. Rectangular glass

plates 7 x 3 3/8 inches, ground along one long edge, were

used to support the paper strips in the troughs. A second

glass plate 7 x 3 3/8 inches, was used as cover plates for

the paper strips.

Solvents.

The solvents used were aIl distilled in a glass apparatus;

these were: formamide, o-dichlorobenzene, methylene chloride,

methyloyclohexane, and absolute methanol.

Filter Paper.

Whatman No. 1 paper, supplied in sheets 18i x 22i inches,

was used. The filter paper was washed with water and 95%

redistilled ethanol respectlvely, and then air dried. ~'or

chromatography, the filter paper was cut into strips 42 cm.

long and 1 cm. wide with a ~tadie blade. The starting line

was ruled 12 cm. from the upper edge in each case. ~he

filter paper used to blot the paper strips was also washed

and dried as described above.
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Color Reactions.

To locate the estrogens on the paper strips, 15% fuming

sulphuric acid was used throughout. The strips, immersed

in sulphuric acid, were observed for fluorescence using an

ultraviolet lamp, model SL 3600, obtained from the Ultra

Violet Products, Inc., South Pasadena, valif.

After each chrornatogram was dried at 5000 for 12 hours,

narrow strips, 2 cm. in width, were cut from the middle of

the chromatogram and treated with sulphuric acid in the follow

ing manner: the fuming sulphuricacid was pipetted along the

length of a glass plate and the strip was immersed in the acid

with the aid of a glass rod. The colors developed in 1 minute

were noted, and then the strip was observed in the dark under

the ultraviolet lamp for fluorescence • . ~he colors and

fluorescence given by pure estrogens are tabulated below.

Golor Fluorescence

Estrone Orange-tan Yellow

Estradiol-l?~ Orange-yellow Green

Estriol Rose-tan Pink-green

The sensitivity of this color reaction for the three

estrogens was 5 pg./cm. 2; the sensitivity of the fluorescence

reaction was l ~g./cm.2 for estrone and estradiol-17~ , and

5 pg./cm2 for estriol.
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Ghromatography Systems.

The chromatography systems used in this investigatIon

were those described by Axelrod (106). o-Dlch1orobenzene

formamide-methanol (1:1) separated the estrogens in 6 hours

of chromatography. The system methylene ch1oride-formamide

methanol (1:1) separated the estriol from highly polar

pigments present at the starting line (in 10 hours) and

thereby purified the compound. Uhromatography with the system

methy1cyclohexane-formamide-methanol (1:1) for 24 hours re

moved a large quantity of the interfering pigments present in

the urine and did not move the estrogens from the starting line.

Methods.

The chromatography chambers were lined with filter paper,

and the paperw were thoroughly wetted with either methylcyclo

hexane, o-dichlorobenzene or Methylene chloride saturated with

formamide respective1y. Sufficient excess solvent was placed

in the bottom of the chambers to keep the lining paper wet,

thus ensuring saturation of the atmosphere with respect to the

volatile solvent. ~or aIl solvent systems used, the filter

paper strips of appropriate size were first dipped into a

solution of 1 part of formamide and 1 part of abso1ute Methanol

(by volume) and then b10tted between filter papers.

In trial experiments with pure estrogens, standard solutions
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were used which contained 52 pg. of estrone/ml., 78 pg. of

estradiol-17~/ml., and 68 pg. of estriol/ml. respectively.

A 0.5 ml. aliquot of the standard solution was carefully

reduced to dryness in a 3 ml. centrifuge tube at 600 C , with

the aid of nitrogen. To each residue was added two drops

of absolute methanol, and the solution thus obtained was

applied to the paper strips. Mixtures of the three estrogens

were prepared in the sarne way.

When the urinary extracts were chromatographed, known

aliquots were reduced to dryness in a 3 ml. centrifuge tube

and dissolved in a minimum volume of absolute methanol.

The steroid solutions were app11ed with a capillary tube

to the startlng line of the paper strips and an additional

drop of methanol was added to the centrifuge tube te ensure

a complete transfer of the estrogens. A stream of nitrogen

was used inter.mittently to evaporate the methanol quickly and

thus limit the diameter of the aree of application to 0.5 cm.

or less. After the steroid solution was applied to the paper

strip, the strip was suspended from the glass plate in the

solvent trough and held in place with a small evaporating glass.

A maximum of 8 paper strips were chromatographed at one time.

When aIl the paper strips were suspended in the chromatography

chamber, the uppermost edge of each strip was carefully aligned

with the non-ground long edge of the glass plate, and a second

glass plate was placed on top of the strips.
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The chromatography chamber was then sealed with plasticine,

and the paper strlps were allowed to equilibrate with the

mobile phase at the bottom of the chamber for at least 1 hour.

Then 300 ml. of the mobile phase was added to the trough

through a ground hole in the glass cover.

The period of development of the estrogens varied with

the mobile phase used. For methylcyclohexane, it was 24 hours;

for o-dichlorobenzene, it was 6 hours; and for Methylene

chloride, i t was 10 hours • At the e.nd of the period of develop

ment, the paper strips were removed from the chromatography

chamber and dried at 500C for 12 hours. ~he dry strips were

then treated with fuming sulphuric acid to detect the positions

of the estrogens.

The procedure described above was used with aIl the solvent

systems in this investigation. After chromatography in the

system o-dichlorobenzene-formamide-methanol (1:1), the undeveloped

sections of the chromatograms containing the estrogens were

e1uted with absolute methanol. 'l'he Methanol solutions. were

reduced to dryness and the residues were rechromatographed to

purify the compounds. The estrogens were again eluted with

absolute Methanol and their absorption maxima were determined

at 280 to 282 m~., using a Beckman ultraviolet spectrophotometer.

As a solvent blank in these determinations, a Methanol extract

was prepared of a control strip similar in area to each of the
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estrogen areas on the paper strips. This procedure compensated

for the background material from the paper chromatograms con

ta1ning the estrogens. From the extinction coefficient thus

determined, it was possible to calculate the quantity of

estrogen eluted from the paper strips. An aliquot of the

estrogen containing SO-90 pg. was removed and brought to dry

ness at 600C
1 with the aid of a stream of nitrogen. ~he

residue was dissolved in 3 ml. of conc. H2S04 and the solution

was allowed to stand at room temperature for 2 hours. Then

the absorption spectrum was determined at wave-Iengths from

220·-to 600 mu,

After chromatography of the estrogens in the system

o-dichlorobenzene-formamide-methanol ll:l), the area correspond

ing to estriol was eluted with absolute Methanol; the methanol

solution was reduced to dryness and the residue was chromatog

raphed in the system Methylene chloride-formamide-methanol ll:l).

In this system ? estriol separated from the highly polar pigments

present at the origin , and 1t was eluted with absolute Methanol.

This methanol solution was then used to determine the quantity

of estriol present, and for the determination of the ultraviolet

spectrum of estriol in sulphuric acid.

In the final calculation of the quantities of the estrogens

present in the urinary extracts, aceount was taken of the

losses due to the strips eut from the ehromatograms for

identification purposes.
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Paper Chromatography of the ~ure Estrogens.

Using l cm. wide paper strips, 58 pg. of estrone, 39 pg.

ot estraaiol-17~ ana ~4 pg. of estrio1 were chromatographed

in the system o-dich1orobenzene-formamide-methano1 \1:1) for

6 hours. In this period of time estriol remained at the origin

and estrone and estradiol-17~ trave1ed 6 cm. and 22 cm.

respectively. The estrogens were detected on the paper strips

by their color and fluorescence in fuming sulphuric acid.

Attempt to Separate the ~strogens of the

lst Preovulatory ~·raction.

The estrogen extract of the first preovu1atory phase

weighed 275 mg. and corresponded to the urine collected during

10 days of the cycle. A 5.5 mg. portion of this extract was

chromatographed on a 3 cm. wide paper strip in the system

methy1cyclohexane-formamide-methanol (1:1) for 24 hours. The

material left at the origin after chromatography was e1uted

with absolute Methanol and chromatographed in the system

o-dichlorobenzene-formamlde-methanol (1:1), for 6 hours, using

a 3 cm. wide paper strlp. In thls chromatogram, three distinct

spots were observed with the fuming sulphuric acid color re

action. The three spots were at 6.1 cm., 14.75 cm., and 27 cm. ,

on the paper strip. These spots contalned a lot of colored

materia1 and they were therefore eluted and chromatographed

separate1y on 1 cm. wlde paper strips for 6 hours in the system
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o-dichlorobenzene-formamide-methanol (1:1). The first spot

now remained et the origin, the second spot now traveled

8.8 cm. and the third traveled 24.5 cm. These three spots

were again eluted from the paper strips and the spot at the

origin was chromatographed on a 1 om. wide strip in the system

methylene oh1oride-formamide-methanol (1:1) for 10 hours. In

this latter chromatogram sorne colored material traveled 5 cm.

and this material was eluted with absolute methano1. The

three methanol solutions thus obtained were examined in the

ultraviolet at 280-282 mp., but they did not show an absorption

peak in this region of the spectrum. These results indicated

that the estrogen extract would have to be purified prior to

paper strip chromatography.

Chromatography on Celite-Magnesium Silicate.

A mixture of 2 g. of Oelite (Johns Manville No. 545) and

2 g. of magnesium silicate was added to 100 ml. of benzene

and the slurry thus obtained wes poured into a glass column,

7.5 in. x 2 in. The Celite-magnesium silicate was allowed to

settle in benzene for two hours and the top of the absorbent

was then covered with a pieoe of filter paper. ~hen 193 mg.

of the first preovulatory fraction, dissolved in 5 ml. of

benzene, was adsorbed on the column. This portion of the

extract represented the urine oollected during 7 days of the

menstrual oycle. The estrogens were eluted as follows.
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Fraction Eluant Eluate weight
mg.

a 150 ml. benzene yel10w oils 14.00

b 300 ml. benzene red oils 13.17

c 200 ml.
10% ether-benzene red oils 12.18

d 200 ml.
25% ether-benzene dark brown oils 42.5

Fractions band c when combined weighed 25.27 mg. and

these fractions were chromatographed on paper.

Paper ehromatography of the lat Preovulatory Fraction.

Fractions band c from the uelite-magnesium silicate co1umn

(25.27 mg.) were chromatographed for 24 hours on a 10 cm.-wide

paper strip in the systemmethy1cyclohexane-formamide-methanol

(1:1). At the end of the period of chromatography the paper

strip was dried and a narrow strip ~2mm.) was tested in fuming

sulphuric acid. It was found that the estrogens remained at

the origin in the above chromatogram. The estrogens were eluted

from the origin with abso1ute methanol and the methanol extract

was reduced todryness at 600e ~ith the aid of nitrogen. The

residue (5.76 mg.) was chromatographed on a 3 cm.-wide paper

strip for 6 hours in the system o-dichlorobenzene-formamide

methanol (1:1). At the end of the ehromatography period the

strip was dried and a 2 mm. portion was eut out and immersed
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in fuming sulphuric acid. Four distinct spots were located

on the paper strip. These will be called spots A, B, C, and D.

spot A was located at the origin and it was pink in color;

spot B was located 3.5 cm. from the origin and it was cherry

red in color. opot C was located 8.5 cm. from the origin and

it was orange-yellow in color and spot D was 24 cm. from the

origin and it was a tan color. spot A was eluted with absolute

methanol and chromatographed on a 3 cm.-wide paper strip for

10 hours in the system methylene chloride-formamide-methanol

(1:1). It was found that this spot trave1ed 4.7 cm. in

methy1ene chloride.

opots B, C and D were rechromatographed on 3 cm.-wide paper

strips for 6 hours in o-dich1orobenzene-formamide-methano1 \1:1)

and they gave the following results. opot H gave a yellow spot

in sulphuric acid, 2 cm. from the origine Spot G yielded two

areas, 6.4 cm. and 10.5 cm. from the origin and spot D remained

in the sarne position.

AlI the areas resulting from the chromatography of spots

B, C and D were eluted with absolute methanol and they were

tested in the ultraviolet for absorption at 280-282 mp. It

was round that none of these spots exhibited an absorption

maximum in this region.

However, spot A when e1uted did give an absorption maximum
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at 281 mp. From the extinction coefficient at 281 mp. it was

calculated that the material eluted from spot A consisted of

122 ~. of estrlol. This estriol was dissolved in 3 ml. of

conc. H2S04 and set aslde for 2 hours at room temperature.

Then the ultraviolet spectrum of the solution was determined

between 220 and 660 mp. ~he spectrum obtained was similar to

the spectrum given by authentic_e~triol ._ ~'~oI11 _the_aboYe_ results- - - - 

it was calculated that during the lst preovulatory phase, the

excretion of estriol was 22 ~g./24 hours, on the average.

Isolation of Estriol from the lst Postovulatory ~Taction.

The estrogen extract of the Ist postovulatory urine weigned

361 mg. This extract was chromatographed on 4 g. of Celite

magnesium silicate as previously described. The estrogens were

eluted with a) 200 ml. of benzene, b) 200 ml. of 10% ether

benzene and c) 400 ml. of 25~ :ether-benzene. The eluates were

combined and they weighed 104 mg. A 52 mg. portion of these

eluates was chromatographed on a 15 om.-wide paper strip for

24 hours in the system methylcyclohexane-formamide-methanol ll:I).

At the end of this chromatography 23.7 mg. of material was eluted

from the origin and chromatographed on a 10 cm.-wide paper strip

for 6 hours in the system o-dichlorobenzene-formamide-methanol

_______ (l:~~.-----In-this--inst_ance-and-in___the- other-rractîons~o De - - - - --

described, only the material present at the origin, which corre

sponded to the estriol reglon, was further chromatographed. ~he
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material eluted from the origin was chromatoeraphed on a 3 cm.

wide paper strip for 10 hours in the system methylene ch1oride

formamide-methanol (1:1). In this chromatogram the material

present at the origin trave1ed 5 cm. down the strip. This

material was eluted with absolute methanol and the methanol

solution was tested in the ultraviolet for absorption at 280

282 mp. It was found that this material exhibited a strong

absorption maximum at 280 mp., and from the extinction coeffici

ent at this wave lengt~ it was ca1culated that the methanol

solution ccntained 633 pg. of estriol. An 80 }lg. portion of

the estriol was used to determine its ultraviolet spectrum in

sulphuric acid. From the above data it was calculated that

during the lat postovu1atory phase the average daily excretion

of estrio1 amounted ta 127 ~g.

Isolation of Estriol from the 2nd Preovulatory ~'raction.

The estrogen extract of the urine collected for 10 days in

the second preovulatory phase weighed 283 mg. Of this extract

226 mg. (corresponding to 8 days) was chromatographed on celite

magnesium silicate as previous1y described. The total amount

of material eluted frqm this column weighed 121 rr~. A 71.86 mg.

portion was removed and chromatographed on a 15 cm.-wide paper

strip for 24 hours in methylcyclohexane-formamide-methanol (1:1).

From this chromatogram 28.3 mg. of material was eluted from the

origine This material was chromatographed in the o-dichloro-



benzene and methylene chloride systems as described above.

As was previously described. the estriol isolated was

quantitatively determined from its extinction coefficient at

281 mll. and its identity was confirmed fram its ultraviolet

absorption spectrlllTI in sulphuric acid. From the data obtained

it was calculated that during the 2nd preovulatory phase the

_ _ _ _ _ _ _ _ _ a-verage-da-i-ly -excretion----of -estr i or wa-sL9a ]Ig.

Isolation of Estriol from the 2nd Postovulatory Fraction.

The estrogen extract of the urine collected for 10 days

during the 2nd postovulatory phase weighed 902 mg. This extract

was chromatographed on 4 g. of oelite-magnesium silicate (1:1),

as previously described. It wes round that this column was

too short to al10w a purification of the estrogens and as a

result the material adsorbed on the column was stripped with

50% ether-benzene. This process yielded 734 mg. of oily

material. This partia1ly purified materia1 was adsorbed on

8 g. of Oelite-magnesium silicate (1:1) and the estrogens were

clITomatographed as described above. The eluates from this

chromatogram yielded 423 mg. of ails.

From these eluates III mg. wes chromatographed on a 15 cm.-

__wide_pJ3.p_e~~t_rip--J-for- 24- hours , -i n- t-he-syst em-metilyluyc lohexa.ne- - - - - 

formamide-methanol (1:1). The materia1 eluted from the origin

of this chromatogram t4.15 mg.) was chromatographed in the
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systems o-dichlorobenzene and methylene chloride as described

above. Finally the es triol separated from the origin in the

system Methylene chloride-formamide-methanol (1:1) was eluted

from the paper strip with absolute Methanol. This estriol

gave a characteristic ultraviolet absorption spectrum in

absolute Methanol, figure 24, p. 196a. From the extinction

coefficient at 281 ~., it was calculated that the portion

of the total fraction used in this separation contained 143 pg.

of estriol. The ultraviolet absorption spectrum in sulphuric

acid given by this estriol was similar in shape to the spectrum

given by authentic estriol. From the above data it was

calculated that the average daily excretion of estriol during

the second postovulatory phase was 92 ~.
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SUMMARY

In Part l, Section A, a critical survey of available

methods for the hydrolysis, extraction, separation and

identification of the estrogens present in mare's pregnancy

urine was presented. Estrone-16-014 was administered to a

pregnant mare and the distribution of 014 in the blood,

saliva, urine and feces was investigated. Of the injected

radioactivity, 39.64% was excreted in the urine, a detectable

amount was found in the saliva, and an alcoholic extract of

the plasma proteins contained SOmB 014• ~he feces did not

contain anyc14, which leads us to believe that there is a

marked species difference in the metabolism of estrone.

In the course of this study a modified partition chromato-

graphy procedure for the separation of estrone, equilin and

equilenin was evolved. With this method. estrone, equilin and

equilenin were separated from the ketonic strong phenolic

fraction of the urine. The lsolated equilenin, and probably

equilin contained l~ of the radioactivity present in the

isolated estrone. It was shawn that the radioactivity present

in the ring B unsaturated estrogens can be readily accounted

for by contamination with estrone. ~his was consldered as

evidence that estrone Is not converted to equilinand equilenin.
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In Part l, Section E, a survey of the central position

occupied by acetate in the biosynthesis of sterols and a

large variety of steroid hormones was presented. Estrone,

equilin and equilenin were isolated from the urine of a

pregnant mare injected with 014 carboxyl labeled sodium

acetate. 'rhe isolateo. equilin and equilenin contained approx-

lmately haIt' the radioactivity present_inj;he_isolated_e~t_rQne - -

ln addition it was found that the volatile light oils which

are extracted with the estrogens contained 014•

The second and last part dealt with the determination

of the urinary estrogens excreted in the pre- and postovulatory

phases of a normal human subject. With the use of paper

chromatography it was only possible to isolate estriol from

the estrogen extracts of the urine. ~he preliminaryresults

obtained indicate that there are larger quantities of estriol

in normal female urine than those previously found by other

investigators.
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GLAIMS Ta ORIGINAL RE8EARCH

The following contributions presented in this thesis are

claimed by the writer ta be of an original nature.

1. After the injection of estrone-16-C14 into a pregnant mare,

39.64% of the radioactivity was excreted in the urine. No

radioactivity was found in the feces and only traces were

found in the saliva and plasma.

2. A modified partition chromatography method for the separation

of urinary estrone, equilin and equilenin was described.

3. The failure of estrone to be converted to equilin and

equilenin by the pregnant mare was demonstrated.

4. c14 carboxyl labeled acetate was found to be incorporated

into estrone, equilin and equilenin by the pregnant mare.

Estrone contained twice the radioactivity present in equilin

and equilenin.

5. Estriol was isolated by paper chromatography from the pre

and postovulat9ry urine of a normal human.
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