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INTRODUCTIONI AND REVIE. OF LITERATURE

For a number of years attempts have been nade, with
sonne success, to demonstrate the presence of the corpus
luteum hormone, progesterone, in various tissues and fluids
of animals, including the human. The assay for this materi-
al depends upon the production of progestational prolifera-
tion in the endometrium of the rabbit. Corner and Allen in
1929 (1) showed that this effect could be produced by ex-
tracts of the corpus luteum of sow ovaries. Clauberg and
associates in 1933 (2) were able to produce the uterine re-
sponse by using extracts of human ovaries. In the same year
llazer and Goldstein (3) reported the detection of this mate-
rial in a 6 months human placenta. Other workers have ei-
ther confirmed this (1934-1935) (Fels (4), Ehrhardt (5),
Adler, de Fremery and Tausk (6), Lankeren (7), and Ehrhardt
and Hagena (8)), or failed to do so in earlier attempts
(1931-1933) (Phillips (9), Fels (10), de Fremery, Lucks and
Tausk (11), Ehrhardt and Weicel (12), and Portman (13)).

Attenpts to extract this substance from urine met
with failure until, in 1935, Loewe and Voss (14) succeeded
in obtaining one Clauberg rabbit unit from 20 liters of hu-
man urine collected during pregnancy or the last half of the

menstrual cycle.
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In working with blood, Clauberg and his associates (2)
(1933) used up to 335 ml. of human blood and were unable %o
show the presence of the hormone. In 1936, Bloch (15) ex-
tracted as much as 500 ml., of human pregnancy blood, obtain-
ing negative results. Ile also extracted 1.0, 3.0, 4.5, 6.0,
8.0, and 12.0 liters of blood from sows in wiich the repro-
ductive history was unknovn. Of these the smaller anounts
were negative whereas the extracts from 8 liters and 12 1li-
ters showed the presence of 0.5 to 0.7 rabbit unit (one unit
being the amount which suffices, when divided into 5 daily
doses, to change the uterus of a doe weighing 3 to 4 kilo-
grams, to a state representing the 8th day of normal preg-
nancy (1)).

Since biological assays at best have the variability
of individual animals to contend with, and since the biolog-
ical effect might be due to other substances, the search for
a different method of determining the presence of progester-
one was believed to be worth while. The use of absorption
spectra has proved useful in working with numerous biologi-
cally important materiels, and it was found that progester-
one has an absorption maximum at 240 millinicrons (in abso-
lute alcohol) (16). The curve is single-peaked and the max-
imum falls at a wave-length which is well separated from the
nexima of most other compounds.

vith these ideas in mind, the hope that the presence

of progesterone might be detected in solutions and in blood



by spectropnotometric means, led to this study.

Due to the §peculative nature of the nroblem wvarious

procedures were tried. The following outline will serve to

indicate the order of develovment of the work. <These will

be described in detail under "Eyperimental Procedures".

A,
B.

C.
D.
E,

Spectronhotometer operation; graphing procedure

Preliminary absorntion curves

1. Hexane

2, Alcohol

3, Water

Diluted blood plasma

Chronatographic studies

Petroleum ether extractions

1.

2.

With a separatory funnel
a. From agueous solutions of progesterone
b. From plasma after precipitation of proteins

c. From vplasma without precipitation of the pro-
teins

(1) Synthetic mixtures

(2) Normal cows and calves
¥Wilth a continuous liquid-liquid extractor
a. From agueous solutions of progesterone

b. From the blood plasma of a cow injected with pro-
gesterone

c. r'rom hemolyzed blood of a cow injected with pro-
gesterone *



YOPER T TATL, PROCEDURES

SPECTROPHOWOL.LTERY THCLITYWUE AUD GRAPHILG PROCEDURE

In all cases the final determinations were made on a
Beckman Quartz Spectrophotoneter, liodel DU, using the same
pair of 1 cn. square fused silica cells throughout. One of
the cells was alweys used Tor the solvent or blank, the
other for the unknovm, end during this study these cells
were used exclusively for this purpose. ZILach cell was
placed in the carrier with the same face toward the lisht
source on each trial. One of these cells had a light path
lenzth of 1.002 cm., The other was 1,003 cn. long. Lor the
reason that the cells were always used in the sane woy, and
since difrerences in the trandmission of the two cells, when
apnlied to actual data, gave results differing only slightly
from the observed readings, cell corrections have been onit-
ted. Cleaning of the cells was accorplished by irmersion in
chromic acid cleaning solution for about 30 seconds, then
rinsing thoroughly with distilled vmter. Follcowing this,
they were rinsed 3 tines with the solvent being used, the
blank was filled with solvent, and the second cell was
rinsed twice with the unknovm and then filled.

The light source was a hydrogen discharge lamn, &8

it was necessary to change this tube during the work, the



effects of such changes are discussed belov,
The sensitivity control was used at the counter-
in percent transmission, were re-

clockvrise limit.
between 208 and 300 nillimicrons.

The absorptions,

corded for weve lengtis
The lover 1limit was determined by the solvent and the hydro-
In general, determinations werc nade every 2 to 5

gen lamp.
nillinicrons except ot the maxinunm, vhen readings werc taken
‘ese percent transnissions ($%9T7) vwere

for eccn millinicron.
transformed to log I /I (or E) by the use of a chart pre-
In the above expression, 1, renre-

pared for

the

that nurnose,.
sents intensity of the light entering the cell, and I
represents the intensity of the light energing. L is the

i
P

xtinction due to the dissolved substances.
was vlotted against wave
The concentration

azainst the

In plotting the data,

lensths in millimierons in nost cases.,
curves were prepared by plotting the & values
various concentrations ot the wave length where naximun ab-

sorption occurred,
PRELILINARY ABSORPTION CURVES

showed that hexane (Trom

Ilexane. Prelininary trial
petroleunn, practical, Lastman Kodcok Co.) absorbed all the
It was

light with wave lengths below 240 millinicrons.



therefore discarded in Tfaovor of absolute alcohol.

Absolute Alcohol. Crystalline progesterone® to the

f

amount of 12,5 milligrans was dissolved in 100 milliliters

of absolute alcohol. This was not used until six months
later vwhen 5 nilliliters of this solution was diluted vith
95 milliliters of absolute alcohol to make a solution con-
taining 0.00625 mz,./ml. Measurcments of the absorption of -
this solution were nade vith the snecurophotoneter 2 days
folloving the dilution and again on the 4th, 8th, 13th,
21lst, and 23th days. The results, pnresented in Graph lio. 1
in the section entitled "Results and Discussion", indicated
that the curves were highly wvariable as to wvave length of
naximum absorntion and also as to the dezree of absorption.

A fresh stock solution was made un by dissolving 10
nilligrans of crystalline progesterone in 100 milliliters of
absolute alcohol., Iive nilliliters of this was diluted with
95 ml, of alcohol to make a solution containing 0.005 ng./ml.
The absorption of this solution vas neasured using absolute
alcohol as a blani: and was rcpeated on the 4th, 7th, 13th,
l4th, twice on the 19th, and on the 20th day. Graph lio. 2
shows the results. The curves are as variable as those in
Graph lio. 1.

Thirteemr days after the above stock solution

(0.1 mg./ml.) was prepared, a new dilution was made by adding

*The progesterone used in these studies was obtained
from the Schering Cormoration. Lelting noint = 128-1290C,
Optical rotation = +174,0.



95 ml, of absolute alcohol to 5 ml. of the stock solution.
This resulted in an alcoholic solution containing 0.005 mg./
nml, as before, 'the absorption was measured as previously
described on the same day the dilution was made and also on
the following dsy to determine if similar results could be
obtained, These curves (Gravh lio. 3} showed that determina-
tions made on successive days using fresh solution were also
variable,

Later in the study, occasion arose to again make up a
stock solution by dissolving 5 ng. of progesterone in 100 nl,
of absolute alcohol (= 0,05 ng./ml.) and to dilute this to
make, amohg others, a concentration of 0,005 mg./ml., The
results obtained with this solution are presented in Graph
No. 4, and pertinent data from Graphs 1, 2, 3, and 4 are
shown in Graph lio. 5. All of these illustrated a lack of
relationship between the extinction, the absorption maximum,
the time since making the solution, and the slit-width.

Distilled Water. Due to the dissimilarity of the re-

sults obtained with alcohol, and because it was desired fi-
nally to work with blood, curves were made using distilled
water as the solvent.

An attenpt was made to dissolve 10 mg. of progesterone
in 100 ml. of distilled water. The crystals did not dis-

solve completely. +«ith this solution (0.1 mg./ml.) the ab-

sorption was measured on the 2nd day, twice on the 3rd, once

on the 4th and 8th, and twice on the 9th day following its



prenaration, In addition, it was diluted 1:1 to make

0.05 ng,/ml. and analyzed on the 1st, 2nd, and 4th days aft-
er dilution. A further dilution of the orisinal stock solu-
tion to 0.005 mg./ml, was made and absorption measured., All
of these results are nlotted in Granh llo, 6. The curves
showed less variability than the alcoholic curves.

A new aqueous stock solution was made by putting 10
ng. of progesterone into 4 ml. of absolute alcohol (in which
it dissolved almost comnletely) and then diluting to 250 nl.
with distilled water, The absorntion of this solution
(0.04 mg./ml.) was measured once on the next day and twice
on the succeeding day. Iurther dilutions and determinations
were made, the results of which are given in Gravh llo. 7.
This granph indicated that dissolving vnrogesterone in a small
aniount of alcohol facilitates its solution in water,

The third and a fourth aqueous stock solutions viere
mnade as follows: 10 mg. of progesterone was dissolved in
5 r1l. absolute alcohol (all apnearing to dissolve). <Then
for Stock III distilled water a.s. 500 ml. was added. iox
Stock IV the alcoliolic solution was added to sufficient va-
ter to nake 500 ml. =Zach of these (0.02 mg./ml.) was di-
luted to make concentrations of 0.018, 0,016, 0.014, 0.,0l2,
0,010, 0,008, 0.006, 0,004, and 0,002 ng./ril, In addition
Stock IV was diluted further to 0,001 and 0.0005 ng./rl.

The absorntion of all of these dilutions was then neasured 3

or 4 tines at and near the maxinunm of 248 millimicrons.



From these a concentrction curve was constructed (Graph

o, 8).

DILUTED BLOOD PLASMA

To deternine if progesterone could be detected spec=-
trophotonetrically in the presence of blood plasma the fol-
lowing anirmals from the experimental dairy herd were bled
(coagulation was prevented by bleeding into flasks contain-

ing 0.5 gram of sodium citrate crystals per 100 nl. of

blood):
Blood Plasma
in ml, in nl,
C574 (calf) 100 47
A 33 (non-presnant
cow) 120 80
A 27 (non-nresnant
covr) 170 105
A 26 (pregnant
covr) 190 105

The plasma was obtained by centrifugation,

It was necessary to dilute the plasma in order to al-
low light to pass through it. Dilutions of 5 ml. of plasma
with 95 nl, of distilled water were made using plasma fron
C574 and A3, In addition the A33 diluted plasna was dilu-
ted again 5:95 to obtain a 0.25% plasna solution in dis-
tilled water. The absorption data from these dilutions, us-
ing distilled water as a blank, are shovm in Graph Lo. 9.
Curves for 0.,25% plasma from the other animals daid not dif-
fer enough from this one to allow them to be plotted. Later

in the vork occasion arose to collect blood from a nunber of
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animals. The plasma from these was diluted to make 0.4%
plasma solutions, All of thece gave curves very similar to
the single example in Graph lio. 9.

Progesterone to the amount of 10.75 ng. was dissolved
in 2 ml. of absolute alcohol. Of this, 0.2 ml. was added to
09,8 ml. of A27 plasma which had been diluted 5:95 and this
in turh 5:95 to make 0.25% plasnma in distilled vater as
above., This nade a 0.001075% prosesterone in 0.25% plasna
solution. Granh io. 10 shows the absorntion curve of this
solution as compared with a curve obtained with the 0.250
A27 plasma vithout added nrogesterone. 4An alteration of the
curve at and near the maxinmum of 248 millimicrons is evi-
dent.

The results of similarly prepared solutions contain-
ing 0.0005375%, 0.001075%, and 0.00215% progesterone in
0.25% of A27 plasma are shovm in Granh lio. 11. 4Yhe estima-
tions of the progesterone present were found to be in agree-
nent with the anount added to the solutions,

A comparison of the 0.0005375;5 and the 0,001075% so-
lutions with 0.25% plasma as a blank is given in Graph lio.

12.

CILROLIATOGRATHIC STUDIES

Although very few substances can be adsorbed from an
aqueous solution, it was thought that this should be deter-

mined. It was found that in running water through alumina
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(crade 7-20, mesh 80-200, Aluminum Ore Co.) a cloudy fil-
trate resulted unless the column (2 cn., x 20 cn.) was first
prepared by running water throush it. Ilence a series of

steps vas devised, es follows:

Anount . . Spectrophotometer
in ml Liaterial Filtrete Sampig number

50 Distilled water Cloudy

50 11 " n

50 ” 11 "

50 7" " "

50 " " Less cloudy

50 " " Quite clear I

50 " " Quite clear II

100 0.01 mg./nl.
progesterone in

distilled water Quite clear IIT
50 Distilled water Quite clear IV
50 Distilled water Clear v

Results in Graph o. 13 proved that alumina did not adsorb

progesterone from aqueous solution.

PETROLEUIl ETEER EXTRACTIOIIS

From Aqueous Solutions. with a Separatory Ffunnel.

Inasmmuch as it appeared that the progesterone in blood wvould
have to be concentrated, extraction with some organic sol-
vent was indicated. Consequently 100 nml. of the 0.0l mge/ml.
nrogesterone in water solution, made up 5 weeks earlier, vas
extracted vith 100 ml. of petroleun ether (Baker's C, P.
Special, boiling noint 200-400 C,) for 5 minutes. The vmter
layer was saved and the ether layer was distilled off, The
residue was talien up in 100 ml. of distilled water. iafter

transferring the aaqueous solution to another flask, 1 ml. of



12
absolute alcohol was added to the distilling flaslk, shaken
and added to 99 ml, of water. This was done to establish
vhether there was any residue not taken up by the vater
alone., The absorption wvas detemiined on the various solu-
tions using viater as the blanlz for the anueous systems and
petrolcum ether for the others., Granh Ilo. 14 illustrates
that petroleum etiier retioved progesterone fror aqueous solu-
tions.

In order to determine the character of the extraction
products of water only, a second series was made up as fol-
lows: 100 ml, of petroleum ether was distilled, and the ab-
sorption curve for the distillate determined, The amount of
100 ml, of distilled water was extracted with 100 ml, of pe-
troleunn ether in a seneratory funnel for 5 ninutes. The wa-
ter layer and the ether layer were run on the spectrophotom-
eter. The same procedure was apnlied to 100 ml., of 0.0l mg./
ml, progesterone solution. The absorntion of the water layer
was determined. The ether layer was evaporated to dryness,
the residue being dissolved in 2 ml. of absolute alcohol and
this added to 98 ml. of water. The absorption curves of the
latter and the ether distillate were determined. Gravph lio.
15 revealed, as did lio. 14, that petroleum ether extracts
progesterone from agueous solutions.

To recheck the above procedures, a third series was
developed., The anount of 100 ml. of the prosesterone solu-

tion (0.01 mg./ml.) was extracted for 10 minutes with 100 ml.
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of petroleum ether. The ether layer was evaporated to dry-
ness over a water-bath, 2 ml. of absolute alcohol was added
to the residue, shaken, and this then added to 98 ml, of
distilled water. <The flask was rinsed vith the resulting
solution to talte up the residue more comnletely. In an at-
teript to dissolve any renaining residue 2 ml. of alcohol was
again shaken in the flask and added to 98 ml. of vater. As
a control on this letter procedure a clean flask was subjec-
ted to the scme procedure. Absorption curves for these var-
ious products are presented in Graph llo., 16, adding further
evidence that petroleum ether extracts progesterone.

From Plasma after Precipitation of the Proteins. It

was believed that if the proteins could be precinitated from
the plasma without removing the progesterone that this would
allow the latter to show up better. Tivo experiments vere
carried out to see if trichloracetic acid would acconplish
this. In the first, to 100 ml. of mixed plasma (obtained
from cows A26, A27, and A33 about 10 weeks previously) was
added 1 lé. of progesterone dissolved in 0.5 ml. of alcohol.
This plasma was added to 1000 nl. of 10y trichloracetic acid
slovly with stirring. After standing 10 minutes, the mix-
ture was filtered. This yielded 975 ml. of filtrate, which
was diluted to 1000 ml. The amount of 200 ml. vas extracted
with 100 ml. of petroleum ether for 10 minutes. “he residue
left from evanorating the ether layer to dryness was taken

up in 0,5 ml. of alcohol and 49.5 ml, of water. 4 control
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was prepared in the same fashion omitting the added progest-
erone, Graph lio, 17 shows the absorption curves,

The second experiment was similar but a proportion-
ately larger amount of progesterone was used. One mg. of
progesterone vias dissolved in 0.5 ml. of alcohol and added
to 10 ml. of the mixed plasma used ebove. A cohtrol 10 nl.

m

sariple of plasma was riixed with 0.5 ril. of alcohol only. Yo
each of these, 100 ml. of 10% trichloracetic acid was added
as before. After standing 10 minutes and filtering, each
filtrate was diluted to 100 ml., ZEighty ml. of each was ex-
tracted with 80 ml. of pnetroleum ether for 10 minutes. Six-
ty nnl. of the ether layer from each was evaporated to dry-
ness, and the residue was taken up in 0,5 ml. of alcohol and
49,5 ml, of water. Graph lio. 18 shows the curves for the
filtrates, the water layers, the ether layers, and the re-
dissolved residues. Graphs 17 and 18 indicated that pro-
gesterone could not be detected in the presence of plasma
vhen the proteins have been precipitated by trichloracetic
acid.,

From Plasma without Precipitation of the Proteins.

Synthetic llixtures. It being possible that petroleum ether

could efficiently extract progesterone from plasria in the
presence of proteins, the following was tried. One mg. of
progesterone was dissolved in 0.5 ml. of alcohol and added
to 10 ml. of the plasma. #As a control, 0.5 ml. of alcohol

was added to 10 ml. of the plasma, &ach was extracted for S
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minutes witih 20 nl. of petroleun ether. A sludgy ether lay-
er resulted, but it cleared considerably upon standing 25
ninutes. The ether layer was filtered to rerove the renain-
ing emulsion. ILach was diluted 1 1nl. to 19 of petrolewn
ether and was then run against petroleun ether. Graph lo.
19 shows that progesterone may bve reuoved from plasmna by pe-
trolewn ether extraction and establishes the ebsorption max-
Irum at 230 nillimicrons.

I'ormal Cows and Cealves. On the possibility that a

difference could be shovm between the plasmas of cows in
various stages of revroductive activity, it vas decided to
make extracts of the plasma and/or serum of a nunber of ani-
nals., Chart I iandicates the procedure., 4All samnles vere
sevarated into plasma and cells by centrifuration. 'the ab-
sorption curves of the ether layers (Gravh llo. 20) showed no
significant differences between aninals,

Jdith a Continuous Lxtractor. IFrom Aqueous Solutions.

In an attenpt to minimize the ermlsion formed by the ether,

a continuous liquid-liquid extractor was made., <The apnaratus
is illustrated in rigure 1. Yhe solution to be extracted

(50 to 55 ml,) is introduced into the lovier part of the ex-
tractor, the inner tube is inserted, and the condenser
fitted to the top. One hundred ml. of solvent (petroleum
ether) is placed in the flaslk and warned to boliling over an
electric coil. +hen it vavorizes encugsh to reach the con-

denser, it condenses and frlls into the inner tube. s it
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38 mn.
ubing

Continuous Liquid-
1iquid Extractor

10 mm.

/.ubiu

280 15 ma. tubing
oa.

100 al. flask
L .

Mgure 1
Scale: 1 ma. ® 4 mm.
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piles up there its weight forces solution dovm and out tie
holes in the bulb et the lower end of the tube. '‘he scl-
vent, beins lighter than the acueous layer, riscs to the top
and accunulates there. when it survasses the level of the

r

sloning side-orm it gravitates baclk into the flncz, Thus

|

the solvent circulates through the solution and has an on-
portunity ©o dissolve any soluble naterial.

The extractor vas first used to renove some progest-
erone Trom 50 nl. of the 0.0l nr./ril. acueous stock solu-
tion made up 3 1/2 months before. The extraction vroceeded
for 2 1/2 hours, when the ether in the extractor was added
to the flask ether and the absorption curve determined using
petroleum ether as a blank. Graph lio. 21 shows that this
extraction was at least »nartly successful.

It was necessary to start using a new bottle of pe-
troleum ether. This was a lerck product, boiling point 300~
60°C, This was found to transniit no lizht between 230 and
260 nillinicrons;so it was discarded.

A bottle of petroleun ether similar to the first wvas
used with interesting results. The amount of 50 ml. of the
0.01 ng./ml. aqueous solution of vrogesterone vas extracted
with 100 ml. of this ether (hereafter called petroleun
ether II) for 1 hour and 40 minutes. An equal amount of
distilled water was used as a control. The extractor ether
in both cases showied ner cent transmissions above that of

the pure solvent. The curves for the Tlask ether are shovm
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in Graph lio. 22, 2long with a plotting of the slit-widths,
The lats beings hig rati indicated <! G

ne latcver, being highly crrcatic, indicated that the netro-
leun ether diflered Tron the Tirst lot used (called petro-
leun ether I). Petrolewn ether II was therefore discarded
in favor of cnother lot, petroleun ether III. The labels of
these three lots of DBaker's C. P. Special ietmwleun Liher,

B, P, 200-4009C, pave the Tollovineg information:

Lot I Lot II Lot IIT
Sp. Gr. at 15°/15°C. 0.630 a0Ge 0.62 abt. 0.62
Initisl Loiling Point  31.5°C, 51.3°C, 30.,00C,
Laxinun Lniling Poin 35.0°9C, A% ,40C, 55.20C,
.onvolatile matter 0.0002% 0.,0004;> 0.,0002;0
Sulfur comnonnls (as 8)  0.000% 0.000% 0,000,
Heavy o0ils 0..0005 0.000% 0.000%

As some difficulty was encountered vihen vorking with
netroleum ether in the spectronhotometer cells, due to ranid
evanoration of the nore volatile fractions, it was decided to
evanorate the netroleum ether off and redissolve the residue
in alcohol or vater belfore determining the absorntion
curves. Fifty ml. of the old 0.0l nr./ml. stoclk solution

was extracted vith metroleunn ether II for 1L hour., The resi-

Q

due, efter cevornorating the mixed flask and extractor ether,
wes dissolved in 0,5 ml, of absolute alcohol, and 49,5 nl,

o

of water wos added to it. A cloudy solution resulted, but
the curves showed the extraction, vilien compared with the ex-
traction of plsin weter, was nevertheless successful (Graph
lio. 23).

A nevr aqueous stock solution of progesteronc was nre=-

nared as before by dissolving 10 mg. in 5 ml. of absolute
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alcohol and adding this to distilled vmtcr to nalte a liter,
A 50 ml. portion of this and a 50 nl. portion of »nlain vater
7ere extracted exactly as described in the preceding para-
granh, excent that the flack ether and the extractor cther
wvere kent senarate, and the alcoholic residue was added to
the 49,5 nl. of water. “his resulted in a very nearly
clear solution. In making the absorption curves, the flask
extract of nrogesterone solution was used against the flask
extract of water as a blank, and the extractor cther ex-
tracts in a similar viay. Granh llo, 24 offered further nroof
of the ablility of petrolcum ether to extract procesterone.

From the Blood Plasnma of a Cow Injected with Progest-

erone. It was decided at this stage to attempt to recover
sone injected progesterone from the blood stream of a cow,
It was estimated that a 1000 pound cow would reauire 40 ng.
of progesterone in order to have about 0.25 ng. in 200 ml. of
blood, a quantity with which it was convenient to worlk.
Therefore, 40 ng. was dissolved in 5 ml. of absolute alcohol
and injected in that form as follows:

Blood was collected in 125 ml. flasks each containing

0.5 sm. of sodium citrate crystals.
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Anproximate Ser
Time arnlount bled aip Remarks
ml. no
4:24 100 1l ironn left jugular vein
4:25 100 2 From left jugular vein
4:29 40 nmg. progesterone in
5 ml. absolute alcohol
injected into right
Jupular vein
4:31 100 3 rrom left jugular vein
4:32 100 4 " " " "
4__: 55 loo 5 7" 1" 11} 7"
4:3 37 100 6 " " 7" "
4:40 Finished bleeding

Samples 3, 4, 5, and 6 represent continuous bleeding

interrunted only by changing necdles betireen sarinles 4 and

5., All samples vere stored in a refrigerator over night.

The follovring doy the plasma and the cells of each

sannle were senarated by centrifugation with results as fol-

lows:
Total Plasma
Sample  yolume, volume, Remarks
no. il nl,
1 108 71.0
2 113 7240
3 110 7245
4 105 70.0 Red tinge, Due to heriol-
ysis vhen needle vas
changed.
5} 104 70,0
6 109 74,5

The plasna samples were stored in a refrigerator when

not being used,

Two days later, the extracting of these samples was

begun.

Samples 1 and 2 were extracted with the same 100 ml.

portion of petroleum ether II as were samples 3 and 4, and
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also 5 and 6. The table shows the procedure:

] Anmt. of . aat, of
Samole pyasma  Extraction ggpep  dther Renarks
no. ml, time, hrs. ml. samaple

1 50 1.5 100 A  Large bubbles in
ether layer. Let
stand 2 hours 20
min,

1 16} lleated more slov-

2 30 1.7 100 A Ty, Hulsifica-
tion not so ex-
tensive,

2 35 1.5 100 A Little emulsifi-

cation
3 50 1.5 100 B Little emmulsifi-
_ cation

3 17] Little emulsifi-

4 32 1.5 100 B cation

4 32 1.5 100 B Little emulsifi-
cation

5 50 1.5 100 C Some ermlsifica-
tion

2 ég} 1.5 100 c og?gnemuls1llca-

6 42 1,5 100 C Sonne emulsifica-

tion

After evaporating the ether sarples to dryness in a water-

bath, each residue was dissolved in 0.5 ml. of absolute al-

cohol, and added to 24,5 ml, of distilled water. The first

sample, A, resulted in a slightly cloudy solution; = was

less cloudy than A; C was less cloudy than A but more cloudy

than B, Using distilled water as a blank, the absorption

curves (Graph llo. 25) were found to be influenced consider-

ably by the cloudiness and to indicate that progesterone was
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not recovered.

The cloudiness described above might have been due to
some ether reacting vith the rubver stopper in the distill-
ing flaslk; so an exneriment was run as abéve, using 100 ml.
of petroleun ether II and 38 ml. of a mixture of the aqueous
solutions B and C above. The etiher layer was evaporated to
dryness without the use of a rubber stopper. ihen redis-
solved in 0,5 ml. of alcohol and 24.5 ml. of distilled wva-
ter, a cloudy solution resulted, indicating that sorie non-
volatile materials in the ether were forming an enulsion

with water.

Fron Hemolyzed Blood of a Cow Injected with Progest-

erone. Dloch (15), in attemnting to detect the presence of

progesterone by biological means, used heriolyzed blood. 7o
deterriine if hemolyzed blood could be used in the extractor,
the following exveriment was set up. All blood collections
were made into 125 ml, &Erlenmeyer flaslks containing 0.5

gram of sodium citrate.

. Approximate Sanmple

Time  mt, bled, ml. no. Remarks

4:30 100 1 Flask contained 2 mg. of
progesterone (and citrate).
From left jugular vein.

4:31 100 2 From left jugular vein.

4:33 100 3 fron left jurular vein,

4335 75 mg. of progesterone in
10 ml. of absolute alcohol
into right Jjusular vein

4:38 100 4 From left jugular veiln

4239 100 5 From left jugular vein

4:40 100 6 From left jugular vein

4:42 100 7 From left jugular vein

4:44 #inished blecding
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Sarmples 1, 2, and 3 renresent continuous bleeding, as do 4,
5, 6, and 7. The blood was stored in the refrigerator.,
The hemolyzing of this blood was accormlished by add-
ing 200 ml. of distilled wviater to 100 nl. of blood. “hen
each resultinz solution was extrocted in the continuous ex-

. tractor as outlined below.

3 Anount of Ixtraction Aate. of ther
anple henolyzed tine, ether lot
no. blood, ml, hours used, nl, Nno.
50
51
56
55
55
55
50
50
50
50
50
50
55

ither
sarple

100 11T A

100 1T B

100 IIT C

500% II1 D

S500% 11T E

100 I1I I

[ X WerXor e X o2) (61 1e)] [ o (Sy N> HENN G RS RVA] faviRaL IRV IR AV IRAVRAVE |oall ool ol Sl ol o
oo
au
e S RS K& e e e e e S el el e ol ol ol ol o
® o © © o jo o o o |06 @ o 0 © o |o o o o o oo 0o o 9 o
oaNNogoooloouciuu g Auoag ol dg o

50
*A new, larger extractor was made and used for
samples 4 and 5 but discarded for sample 6 as the results
viere not satisfactory.

=
o

A1l ether samples were evenorated to dryness over
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steam. A 100 ml. portion of netroleun ether II and a like
anount of petroleun ether IIT were evenorated to dryness
over stean, <Yhe rescidues from A, B, C, petroleun ether II,
and netrolewi ether III were talzen up in 25 nl. of absolute
alcohol, Those from D and L were taken up in 15 ml. of ab-
solute alcohol, end that from ¥ in 20 ml. The absorntion
curves were deternined using absolute alcohol in the solvent
cell, Graph lio. 26 showed that nrogesterone was partially
recovered from heuolyzed blood vhen it had been added to the
wiole blood and that it wos not recovered from the blood of
a cow folloving intravenous injection.

Yo get an estimate of the arniount of nrogesterone re-
covered from the blood to whicih it had been added, a concen-
tration curve for progesterone in absolute alcohiol was con-
structed, Iive rng. of progesterone was dissolved in 100 nl.
of absolute alcohol (= 0.05 ng./nl.). “his was diluted with
alcohol to make 0,02 mg./ml., 0,01 nz./ml., 0,005 ng./nl.,
0.,0025 ng./nl,., end 0.001 ng./nl. The absorption curves
were determined on the sane day using absolute alcoliol as a
blank., ‘these curves vere used in Gravhs llo. 27 and lio. 28,
which showed that vrogesterone in alcohol follows Leer's law
in the concentration range used.

Absorption curves on the same alcohwlic samples were

nade again 6 days later and showed the variations noted in

Granh Iio. 5.



nLSULTS AD DISCUSSION

PRELTIT ARY ABSONPLI0:] CURVES

Absolute Alcohol. Granhs 1, 2, 3, and 4 indicate

thet alcoholic solutions of progesterone show snectrophoton-
etric curves which are highly verimble, both as to wave
length of the maximun absorption and also as to the ariount
of absorption. It was noted that the results obtained on
the day the solutions were vprepared, were quite consistent,
but after that there was no correlation between the curves
and the time elapsed. It was apoarent that the conmound
changed on standing, or that tenperature or some other fac-
tor had objectionable effects. A combination of these ef-
fects is posczible, and in sonite of explanations, for the
purpose of this problem, such variability was not to be de-
sired., The variations in the slit-widths at the nexinun are
explained by the necessity of adjusting the hydrogen lamp in
order to get maximum intensity from it. This chenge alone
would affect the curves but other factors were obviously op-
erating, ax a change in slit-width did not alvays produce
the same effect uvon the curve. (See Graph llo. 5.)

Graph llo. 5 asczembles pertinent deta from the preced-
ing graphs and illustrates the lack of definite correlation

betvween the extinction, the wave lengsth of nmaximum absorp-
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tion, the time since making the solution, and the slit-
width. However, there seems to be a gencral tendency for:
the extinction (E) to increase as the slit-width increases;
the maxinum to be lowered when the slit-width increases; the
maximum to be lovered as the extinction is increased. llone
of these holds true in all cases.

Distilled Weter. Granh llo. 6 shows less variation

betvween distilled water curves than between the alcoholic
curves, and these variations may be erxplained in part by a
factor which did not influence the alcohol curves. ZProgest-
erone is nuch less soluble in water than in alcohol and the
upper curves in Granh 6 are from saturated solutions. <he
lower curves represent a half-saturated solution and niight
therefore be more constant, as they appear to be from the
curves.

Graph 7 illustrates that preliminary dissolving of
the progesterone in alcohol facilitates its solution in wa-
ter. The greater E values indicate more progesterone in so-
lution. There is a good correlation between the height of
the curves and the coicentration, with the exception of the
curve for the 0.04 ng./ml. solution run on the second day.
If all are run the seme length of time after they are mnade
up, satisfactory curves are obtained, This is shovm in
Graph llo., 8 where E values are plotted against concentra-
tion. These determinations were made within 24 hours arfter

the solutions were made un, and the results show a necarly
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straight line. Yhis was taken to 11ean thet if progesterone
could be obtained in an acueous solution, an estinate of the

concentration could be riade.

DILUTHD BLOOD PLASIIA

The nrotein present in blood plasma shows a maximum
absorption at 280 millimicrons. Considerable dilution
(1:400) is necessary to bring the extinction dovn to a suit-
able level, I.o difference was Tound in cormaring the curves
from different animals (Granh No. 9). A difference could
hardly be exvected in the nresence of such dilutidn.

Progesterone added to this highly diluted plasna
caused an alteration in the curve as shown in Graph lio. 10.
If the absorptions at wave length 248 millimicrons (the maxi-
mum for progesterone in water) are compared, the following
is revealed., The extinction (E) of the progesterone-contain-
ing sample is 0.,6200. From the concentration curve (Graph
Ilo., 8) this would represent 0.0127 mg./ml. if it were not for
the fact thaot the diluted pnlasma alone shows sonec absorption
at this wave length. This latter shows an extinction of
0.1000 vhich would subtract 0.,0016 ng./nl. ‘he differcnce
is 0.,0111 mg./ml. or 0.00111% prosesterone. The actual
arlount added was in a percentace of 0.001075. Wwhile the
above method of colculating may be oven to criticism, 1t ap-
pears that the analysis of the mixture gave quantitative re-

sults for the progesterone added. (See Graph lio. 12 for re-
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sults of running the solutions against a plasna blank.)
An extension of the work secn in Granh lio., 10 is
shovm in Graoh No. 11. Interesting data from this graph are

swmarized below:

Per cent
Per cent Observed ¥ progesterone Calculated
PrOgesterone g4 pag my, represented per cent
in sample by E value progesterone
lione 0.,1045 0.00014
0.0005375 0.,3778 0.00074 0,000600
0.,001075 0.5751 0.001175 0.001035
0.,00215 1,0810 0.,002200 0.,002060

The per cent progesterone revresented by the E value is ob-
tained from the concentration curve (Granh lio. 8). The cal-
culated per cent vrogesterone is detemiined by subtracting
the percent progesterone renresented by the extinction of
the sample containing no hormone (0.00014) from those Tor
the various concentrations. Conparing the first colwmn in
the table with the last, the wealkkest solution is the only
one noticeably out of line. This may be expleincd by noting
that, in Graph Ilo. 8, & values below 0.2 and above 0.7 give
points which fall to one side of the straight line, In
other words, very low or very hish absorptions rcsult in
readings which are inconsistent with those in the optirmum
ange. LThese deviations indicate that progesterone, like
nany other substances, does not adhere to beer's law at all
concentrations.

Gravh lio. 12, which compares these plasia solutions

with diluted plasna in the blank cell, shows maxinma at 248
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millimicrons as expected, and no other neoks are encoun-
tered. However, the calculation of the amount of progester-
one vresent, using the water concentration curve, gives re-

sults which are too low (55-86% below the actual values).

Per cent progest- Per cent
Per cent Observed £ erone renresented deviation from
progesterone .t p4g mp. by E velue (from progesterone
in sample concentration curve)  in sample
0.0005375 0.,1959 0.00034 -36
0,001075 0,3595 0.00070 - =35

This indicates that a new concentration curve, using
0.25% plasma as a blank and dissolving the progesterone in
the same, vould be necessary if this type of study were to

be extended.

HROLATOGRAPIIIC STUDIES

It is shown clearly in Granh lio. 13 that progesterone
is not adsorbed from acueous solution by passing it through
aluriina., All 1s accounted for by estimating the amount
viiich came throush and comparing this with the amount in the

solution at the start (1.0 mg.).

Progesterone cal- . Calculated
E at culated from con- 'olume of ,noeesterone
Semple 248 mp. centration curve,  Sdle, in sample,
nge/rl. nl. mee
IIT 0.3545 0.00685 100 0.6850
Iv 0.3448 0.00667 50 0.,3335

Lotal 1.0185
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FLI0LIUL ETCTR EXURACTIONS

With a Scnaratory Funnel. Irom aguecous solutions.

Graph Ilo., 14 shows that netroleun ethier reioves nrosesterone
from acueous solutions. 4Yhe stoeclr solution (0.0l rim./ml.)
was checked and showved a concentration, according to Graph
lo. 8, of 0.0095 ni./ml, ‘“he ether extract, after drying
and dissolving in water (Curve II) contained 0.0065 mg./nl.
or 68 of the original arnount. “he water lerer (Curve I)
accounted for 0,0005 ng./ml. or 5 of the original. 4he
loss is quite large, but this worlk suggested that more com-
plete extraction rniisht be nore satisfactory. It will also
be noted that the distilled etiier gives a choracteristic
tyve of curve, 7“his will bc considered rwore fully when corni-
parin~ the different lots of petrolcun ether (see Granhs 22
and 26).

Granh lio, 15 lilkewisc shows incorinlete extraction of
the progesterone, nrobably from too short an extraction
time., The dissolved residue from the progesterone solution
(Curve IV) has a calculated nrocesterone content of
0.,00775 nz./ml. or 82,0 of the original amount. The water
layer (Curve II) still contained 0,00125 mgz./ml. or 13,
This accounts for 95% of the vrosesterone uscd. Curve I
also indicates that water dissolves enoush petroleum ether
to alter its absorntion slightly.

Rechecking the above save the deta for Groph Mo. 10,

The sitock solution was checlzed and was found to contain a
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calculated progesterone level of 0,00955 ri7,/ial, (fro:i con-
centration curve, Granh 8). The ether extraction residue

(Curve II) vhen run arcinst distilled water was calculated

dow
U;f.

to contain 0.0089 nz./nl. or 93,. of the original ocuanti
When commared with the control solution (alcohol and viater
fron a clean flask) Curve V), 0.00785 n3./ml. were found.
This reorescnts 82% of the total. The water laver after ex-
traction (Curve I), the sccond attemnt to take un the resi-
due (Curve III), end the control comsisting of 2 ml. of al-
cohol and 98 nl. of water rinsed in a clean flask (Curve IV),
show no absorntion maximna at the 248 niillimicron level.

Thus it i1s assumed thet the extraction was quite complete

and that the residue was cuite comnletely telien un. lowvever,
it appears tiaat 2,0 ethyl alcohol in water differs sufficient-
ly from oure water to warrcnt setting un a concentration

curve using this solution as a blank, althoush for comnnara-

tive purnoses, Gravh lio, 8 will be used in this thesis.

)

In

0

From Plasna after Precipitation of the Protein

Graph lo. 17 and Granh lio. 18 1is shovm that nrogesterone ias
not detected by the spectroninotometer in the nresence of
blood nlasma in wviich the proteins had been precinitated by
trichloracetic acid. 'Whis may have been due to adsorption
of the horrione on the surface of the »rotein varticles. The
great extinction in Curves I, II, and III of Graph 18 is
presumably due to absorption of licht by the trichloracetic

acid,
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from Plasna without Precinitation of the Proteins.

Graph lio. 19 shows that progesterone nay be raioved fromn
plesma by petroleum ether, and it also establishes the max-
imum for progesterone in vnetroleunt ether at a wave length of
230 millinicrons. Yhe maxinua in alcohol is at 240 millini-
erons, and in water it is at 248 millinicrons. Irom these
data it anncars riost efficient to worl with the hormone in
aqueous solution as the naximunm is not so near the lower
linmit of the snectronihotometer.

Jormal Cows and Calves. These curves are petroleun

ether curves, and the naxirnun for progesterone should there-
fore be at 230 millimicrons.

Granh lio. 20 shows that there is no significant rela-
tion between the state of the revnroductive cycle and the
character of the absorption spectra. while many of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>