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Although it has been shown by Hourd, Bauld & Hoff
mun (HJ41), Hoffmun & 13rowne (1042), Hoffmun
(1!)42) and Westphal (1942) that pregnanediol is
present in the urine of rabbits following the admini
stration of progesterone, the presence of pregnane
diol of endogenous origin in the urine of pregnunt
rabbits has hitherto not been reported. In foot,
Buxton & Westphal (1030) and Westphal (1942)
examined the urine of pregnant rabbits for this end
product of progesterone metabolism, but were
unuble to detect its presenoe. In the belief tlmt
previous foilures to detect pregnanediol in the urine
of rnbbits during pregnanoy might be due as mueh
to shortoomings in the methods employed as to
a low level of excretion, 11 reinvestigution of the
problem was undertuken.
Recently, a sensitive method for the determination

of pregnunediol in Immun urine hus been described
by Sommerville, Gough & Marrian (1948), and it
seemed possible tho.t thismethod might be applicable
to ro.bbit urine. A series of preliminary experirnents
on the urine of male rubbits injeoted with progester
one und on acid-hydrolysed urine from mule ro.bbits
after the addition of pure pregnane-3:20z-diol
in vurying amounts, showed that tho method was,
indeed, suituble for the purpose und that as little us
0·25 1g. of pregnunediol oould be determined with
o. so.tisfootory degree of accuracy in one-half of
o. 24 hr. specimen of ro.bbit urine.
The o.pplioution of this method to the urine of

mated fomale rabbits yielded surprising results. In
every instance in which the urine collected im
mediately after mating was examined, an exoretion
of 'pregnanediol' vurying from about 0·5 to
2·8 mg./24 hr. and lasting for 1-3 duys was observed.
Following this transient post-copulatory excretion
of 'pregnanediol', the values fo!l and remained at
the 'blank' love! of about 0·10-0·15 mg./24 hr. until
the eight to tenth duy, when the 'pregnanediol' rose
aga.in and wasmuintainecl ut a lovel varying between
0·25 and 0·70 mg./24 hr. until shortly before
parturition.
• Editorial note. Tho indices ,x and B for substituonts of

known oriento.tion in steroids will in future be shown in the
Biocliemical Journal without purcntheses. This pro.ctice,
suggested by Fieser & Fieser (1949), has recently bccn
adopted by the Journal of the Chemical Society and by
British Astracts.

Since tho sulphurio acid colour reaction, by which
pregnunediol is finally determinod in this procedurc,
is not specific for this steroid, it could not ho assumed
ut this stage of the work tlmt tho 'pregnunediol'
oxcreted immediately after copulation or that ex
creted luter in pregnunoy wns, in fact, pregnane
3o::20o:-diol. Aocordingly, attempts were made
to isolate the sulphuric acid ohromogen from the
pooled extructs of urine specimens from a large
number of rubbits. Urino was co!lected during the
24 hr. following mating and also during the lnst
20 cluys of pregnancy. From both batches of poolcd
extract pregnane-3:20z-diol was isolated and
identified as suoh unequivoca!ly. Furthermore, the
amounts isoluted were ofthesume order ofmagnitude
as those which were anticipated to be present on the
basis of the previous oolorimetric determinutions.
There can be little cloubt therefore thut most, if not
al!, of the 'pregnanediol' excreted at both periods
is indeed pregnane-3cx:20o:-diol.
Experiments which throw some light on the origin

of the pregnanediol oxcreted immediately after
mating have been curried out by one of the presont
uuthors (W. G. V.) und will be published elsewhero.

EXPERIMENTAL

Determination ofpregnancdiol in rabbit urine
Collection of urine and application of the method of Sommer
ville t al. (1948). Rabbits fed on a pellet diet (Diet 43,
Associutcd London Flour Millers Ltd.) and recciving
200-300 ml. of water daily werehoused in mctabolism cages,
and tho urine collected ovcr 2-1 hr. pcriods in vcsscls con
to.ining 0·5 ml. toluene as a preservative. Catheterization was
not employed and accordingly the spccimcns obtaincd diù
not represent 24 hr. collections exo.ctly.

Sinco rabbit urine is usually alkaline, the specimens were
made faintly acid to litmus with HCI in order that the pHI
should be similar to that of human urine. Each spcoimcn
was then filtercd through glass wool, made up to 500 ml.
with water, and divided into two 250 ml. samples for the
duplicate determinations. Since this volume is half that
cmploycd in the original method, all volumes of rcagents
and solvents used in the determination were halved.
The only ot-hcr modifications oftho original method which

were introduced were the following: (i) In the prccipitation
proccdure for the puriJicution of the prcgnancdiol the timcs
of incubation at 37° were inereased to 24 hr. in every case.
(ii) The charcoal treatment for the rcmoval of interfering
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Table I. Hydrolysis of conjugatcdpregnancdiol
in the urine of pregnant rabbits

Rccovcry crperiments. 'The sensitivity of the method and
the acouracy of the proccdurcs for extraction of the urine an<l
purification of the pregnanediol were investigated in a series
of recovery experiments in which prcgmmediol was adde<l
ta aeid-hydrolyscd urine from male rabbi ts, Three 24 hr.
urine specimens were collected from three male rabbits,
pooled, made up ta 1500 ml. with water, and divided into
six sa-mples of 250 ml. Each sample was boiled under reflux
for 10 min. uftcr the addition of 25 ml. eonc. I-ICI and thcn
coolcd. Two of the acid-t-reated snmplcs wcrc rctained U!:1

'blanks ', while to the rcmaining four, pure pregnane
3z:20z-diol in ethanolic solution was added in two
different known amounts in duplicato. 'l'his procedure was

pigment was found to be nnncccssary with rabbit urine.
Accordingly, it wasreplaeed by asimple filtrat ion in ethanolie
solution througha hatman no. l papcr. (l\liss E. Suthcrlan<l
hns informed t ho a ut hors that material giving a ycllow colour
with H.SO, may sometimes be eluted fromfilter paper by
ethanol. Accordingly, it is now considered to be csscntiul
tbnt nllfiltcrpapor.s uscd in the determination of pregnanediol
by this method should be thoroughly washed with hot
ctbnnol beforc use.)
Hydrolysis of the conjugated prcgandiol in rabbit urine.

Since 1-loffmnn (194.2) has fonnd thataftcr the administration
of progesterone to rabbits the pregnanediol in the urine is
'for the ruost part if not cnt.ircly' prcscnt ns the glucuroni<lc,
it sccmcd probable that conditions of acid hydrolysis giving
the maximum yield of free pregnnediol from humn urine
would also be optimal forrabbit urine containing conjugatc<l
prcgnn.ncdiol. Howcvcr, it could not be assumed that this
was necessari ly the en.se, and, aecordingly, experiment al
verificn-tion was sought.
In a preliminary experiment several male rabbits were

injcctcd with progcstcronc nnd the urine collcct.cd during
the following 48 hr. was pooled and diluted. Samples of the
poolcd urine wcrc boilcd for 5, 10, 15 and 20 min. nftcr the
addition of O· l vol. of eonc. I-ICI and the pregnanediol
dctcrmincd in the usuul mnnncr. The rcsnlts indicatcd thnt
10 min. boiliug givcs optimal bydrolysis of the conjugatc<l
prcgnnncdiol a!; it docs with lmmnn urine.

La ter in the course of this work, after it had been demon
strated that pregnanediol of endogcnous origin is prcsent in
the urine of prcgunnt rnbbits, n similar cxpcrimcnt was
carricd out on pooled 2-lhr. urine specimcns ohtainc<l from
four rabbits 13-15 dn.ys pregnant. The results. shown in
'fable 1, clearly support the conclusion arrived at from the
preliminary experiment with the urine of progesterone
injectcd male rabbits.

repeated on five occnsiona nnd the nmounts of nddcd prcg
rnmcdiol wcro vnricd botwccn 0·13 nnd 2·61 mg. 'rho rcsults
of these experiments are shown in Tu.bic 2. lt will bosecn
that whereas the recovory was ummtisfactory when 0·13 mg.
wns nddcrl to hulfn 24 hr. spccimcn, goo<l recoveries rcsulted
whcn 0·23 mg. or more wns nddcd.

984
07·1
!JO·O
962

2:46
243
124
1·20

Pregnanediol recovery
corr. for 'blank'
,------'----.
(mg.) (%)

2·50
247
1-28
124

0·045
0·030

Apparent
prcgnunediol
rccovcry

(mg.)

2·51
25l
126
1·26

Tublo 2. Recouery of prcynancdiol addcd to
acid-hydrolyscd male rabbit urine

Pregnanediol
added to
cquiv. of

hlf of 24 hr.
urine (mg.)

0·00
0·00

0·00 0·018
0·00 0·02:l
1·00 0·99 0·08 97.5
1·00 1·05 1·03 102·5

0·50 0·491 0·471 04·2
0·50 0·484 0·464 928

0·00 0·033
0·00 0·037
0·50 0·540 0·505 101-0
0·50 0·523 0·488 97-6

0·25 0·295 0·250 100·0
0·25 0·272 0·237 94·8

0·00 0·030
0·00
0·45 0·448 0·418 921
0·45 0·447 0·417 921

0·23 0·236 0·206 00·0
0·23 0·236 0·205 00·0

0·00 0·060
0·00 0·037
0·25 0-266 0·218 87'2
0·25 0·275 0·222 88·8

0·13 0·120 0·072 57.6
0·13 O·ll 8 O·OîO 56·0

thcse three cases the tronsient excretionofpregnnne-
diol immediately aftor mating and the prolonged
excrotion of the steroid during the latter two-thirds
of pregnnncy were well marked. In two rabbits
(Figs. 4 and 5) urine collections were not commenced

Premancdiol czcretion of rabbits after mating
andduringpregnancy

Tho pregnonecliol excretion was followed duily in
thrcc mbbits from l to 2 duys boforo muting until
2 days after the birt,h of the Jitter (Figs. 1-3). In

Free prcgnnncdiol found
(mg./250ml.
dilutcd urine)

0243
0·238
0·256
0-263
0·243
0·258
0·232
0·258

10
10
15
15
20
20

Time of boiling with
O· l vol. of cane. I-!Cl

(min.)
5
5



W. G. VERLY, I. F. SOMMERVILLE AND G. F. MARRIAN 188

Fig 7.
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Fig. (i. Prcgnanc<liol excrction ofrabbit (femnlc)
aft<::r mating.

Fig. 7. Prognane<liol excrction ofrul,bit (fomale)
ufter mut,ing.
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Fig. 5. Prc•gnam•diol llXcretion of prcgnant rahbit.

Fig. 4. Prcgnanediol cxcrct.ion of prcgnanl rabbit.
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Fig. G.

Isolation of premanc-3z: 20z-diolfrom the urine
ofpregnant rabbits (twcljth day until lerm)

Complote 2-1 hr. urine snmplcs wore collected with
tolucne os prescrvative from five pregnnnt Chinchilla

rabbils from the twclfth <lay alterm11tinguntil term.
The smnples wcro storocl in tho refrigerùt,or nnù
workecl up nt intervuls of 3 or -1 clnys in the following

JO252015

i 0-9
..
C

~ 0-8 Î:
ii' 0-7 !i 0-6
'1) 0-5
& o4
f503
[ 0-2
t' 0·1
S O ~~~~~~ ..U.. .U... LI..L ..U.. .U... LI..L ..J..1. .U...LW..L.

:5

Fig, 3. Prcgnanediol oxcrction of prcgnant ru.bbit.

10 15
Time after mating (d1y)

Fig. 2. Pregnanediol exeretion of prcgnnnt raùbit.

Timc Jftcr nming (dJys)

Fig. l. Prognnnediol oxcrdion ofpr(•gnant rahbit.

In these Figures the values for the duplicate
determinations are shown by the double lines o-t the
tops of the columns. It shoulcl be notecl thnt values
of!ess than0·50mg./24 hr. hnvenostrictqunntitntivo
signilicunce.

until 24 hr. nfter mating, und in theso cuscs the
trn.nsient post-copulatory excrction of pregnancdiol
wus missed. In order to confirm tho trn.nsiont,
excretion of pregnanediol ufter mnting, tho preg
nanediol excret,ion lovcls oftworubbits wcro fullowe<l
from the duy boforc muting until u lew <lays uftor
(Figs. G und 7).
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manner: three or four successive smnples frmn each
rabbit were pooled and diluted to 1000 ml. Each
dilutcd, pooled sample wns made just, acid to litmus
with HCI and heated to boiling under reflux with
200ml. of toluene. Concent,mt,ed HCl (100ml.) was
then added and the boiling continued for 10 min.
After cooling, the mixture was transferred to 11,

separatingfunnel, shaken, and the aqueous layerrun
off from the upper toluone-emulsion layer. The
nqueous luyer was re-ext,racted twicc more with
200 ml. vol. of t.oluene und the combined toluene
emulsions filtered through a Büchner funnel with
gentle suction. The filtrate was then transferred to
a separating funnel and the aqueous phase run off.
The tolueno extruct, aftcr woshing with 2 x 200 ml.
ofN-NoOH and 2 x 200 ml. ofwater, was evaporated
to a small volume on a hot plate and then to dryness
under reduced pressure in a boilingwater bath. The
'toluene-soluble neutral fractions' so obtn.ined were
stored in a vacuum desiccator until the com
pletion of the workingup ofall the urine semples.
The 'toluene-soluble neutral fractions' were com

bined, undofter treatment in the usunl manner with
trimethylnmmoniumacetohydrnzidechloride (Girard
& Sandulesco, 1936) yielded 0·739 g. of non-ketonic
material.
An attempt, to purify the pregnanediol assumed

to be in this material by the Astwood & Jones (1941)
precipitation procedure was unsuccessful, since after
two successive prccipitotions from ethanolic solution
by O·I-NaOH and water respectively, only 4·9mg.
of solid material were obtained. Accordingly, the
combined filtrotes from these precipitutions, after
removal ofmost of the ethanol by distillat.ion under
reduced pressure, were extractedwith ether, and the
extract evaporated to dryness after washing with
water. The non-ketonic material recovered in this
manner weighed only 0·309 g.
This material, dissolved in 20 ml. ofbenzene, was

poured on to a column of 9 g. ofAl,O, (Peter Spence,
Type H; dried at 100° in vacuo) and the column
eluted successively with eight 20 ml. portions of
benzene, twelve 20ml. portions of anhydrous ether,
and seven 20 ml. portions of anhydrous acetone.
The residues obtained by evaporation of the second
and third acetone eluates contained considerablo
amounts of white crystalline material, and this was
sepurated from the accompanying gum by chilling
overnight in a small volume of acetone. A further
small quantity of crystalline material was obtained
in a similar manner frorn the first acetone eluate.
An attempt was made to purify this material by

sublimation at 130%/10mm. 'The produet (236mg.)
wns, however, grossly impure. Pw·ification wns
effected bywarrning for a few minutes with 2 ml. of
benzene, allowing to stand at room temperature for
2 hr. and then filtering off the solid. The benzene
insoluble solid so obtained weighcd 17·7 mg. and·

melted at 232--237° (corr.). Crystallization of this
from 1·5 ml. of mothunol yielded 7·5 mg. of fine
white needles, m.p. 234-237° (corr.). Mixed with
authentie pregnane-3a:20-diol (m.p. 237-238·5°,
corr.), the melting point was 233-236° (corr.).
Analysis of material dried at 80° for 2 hr. in vacuo
ovor P,O,: C, 78·3; H, 11I. Caleulated for
C,HO,: C, 78·8; H, 112%.

A further quantity of material (m.p , 233-236°,
corr.) was obtained from the methonolic mother
liquorafter evaporotion todryness by twosuccessive
treatrnents with benzene in the manner described
above. This was acetylated in the usunl manner with
acetic anhydride and pyridine, and the product
crystnllized from hexane. \I\Tell-formcd stout ncedles
melting at 162-163° and 176-170° (corr.) were
obtained. Mixed with authentio pregnane-3a:20
diol diacetate (m.p. 165-166° and 180-181°) tho
melting points were 162-163° ond 176-179° (corr.).
It has been suggested that the double mclting point of

pregnane-320-diol diacetate, which was first observed
by Mnrrian (1020), is ohnracteristic of impure samples
(Heard, Hoffman & Maek, 1944). In the experience of the
prcsent au th ors, this is not th e cuse, a i n c o th e diacetate, even
after repeated recrystallizations from methnnol nn<l from
hexane, still cxhibits this phcnomcnon. Rccrystall ize<l
sam ples may melt completely at the lowor tcmpcraturc, or
after slight softeni ng at the lower temperature may not melt
complct.cly until the higher temperature is reached . Samples
mclting nt the lower temp erature, ifheld at this tempcruturo
for a fow minutes before melting is quite complete, ma-y
rcsolidify and then do not melt belowthe higher temperature.
Melted samples which do not rcsolidify bcforo thoy lrnvc
supercooled below the lowcr mclting point invari ably melt
completely at the lower temperature on reheating.

Isolation ofprcgnanc-3ac20 a-diol from the urine
offemale rabbits after mating

Urine wos collected from twenty-one fomale
rabbits during the 24 hr. period immediately
following mating. According to the number of
specimens obtained on any l day, batches oftwo to
five were pooled for hydrolysis and extraction with
toluene. In order to avoid the difliculties en
countered in the previously described isolation of
pregnanediol from rabbit urine (see preceding
section), the toluone-soluble fractions from each
batchwere purified immediatelyby the precipitation
technique as described by Somerville et al. (1948).
It was evident that the previous fnilure of the pre
cipitation technique must have been due to the
prolonged storoge of the neutral fraction, or to the
subsequently used Girard separation, or to bath,
since in the present experiment eachbatch ofneutral
fractionyieldedlight colouredsolidmaterial inabout
the expected amount.

On combination of the solid products obtained
from the different batches, 21·8 mg. of sligh_tly
pigmented solid contaminotecl with traces of gum
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were obtained. Sorne of the pigment and most of
the gumwas removedby leaching the solid first with
about 1 ml. of ico-cold acotono and thon with about
1 ml. ofbenzene. The material, after treatmont with
charcoal in boiling othunol to remove the romaining
pigment and crystallizution from l ·25 ml. of
methanol, yiolded 7·8 mg. of fine white necdles,
m.p. 232---237° (corr.). Mixed with authentic
pregnane-3a:20-diol (m.p. 237-238·5°, corr.) the
melting point was 233-237° (corr.). ·

Acetylntion with acctic anhydride and pyricline
yielded a produet which, after treatmont with char
cool in boiling n-hexane followed by erystallization
from n-hexnne, wos in the form of stout neeclles,
m.p. 163-165° and 179-181° (corr.). Mixed with
authentic pregnane-3a:20-diol diacetate (m.p.
165-166° and 180-181°, corr.) the melting point was
162--163° and 178-181° (corr.).

SUMMARY

1. It hns bccn shown that, using the methocl of
Sommcrville et al. (1948), as littlc us about 0·25mg.

ofpregnanediol canbodeterminedwith a satisfactory
degreo ofaccurncy in one-halfofa 24 hr. specimen of
mbbit urine.

2. By this procedure the excrction of 'pregnane
àiol' in the urine of pregnant rabbits has been
cletected and studied qunntitntively. Immediately
after mating a transient excretion of 'pregnanediol'
lasting for 1-3 days occurs. This is followed ut about
the eighth to tenth dayofpregnancybya prolonged
excretion of 'pregnanediol' which is maintninctl
until just before parturition.

3. The 'pregnanediol' excretcd immetliatelyafter
mating and that oxcretetl Inter in pregnancy in the
rabbit have been isolated and itlentifietl as pregnane-
3as20z-diol.
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