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SUMMARY 

A method for the determination of progesterone concentration in human or rabbit myometrium is 
described. The tissue is first chemically digested in a mixture of NaOH and sodium dodecyl sulphate. 
After digestion which is relatively rapid in this mixture, progesterone was recovered completely by 
extraction with ethyl acetate. After a minor purification step (Sephadex LH-20 chromatography), pro- 
gesterone was determined by radioimmunoassay. The method is capable of determining progesterone 
concentration in pregnant human myometrial tissues as small as 50mg wet weight. The details of 
the method along with the data on its reliability are presented. 

INTRODUCITON 

In recent years there has been a vast amount of quan- 
titative data available on the level of progesterone 
in plasma of various species, including man, under 
physiological, pathological and experimental condi- 
tions. There is, however, relatively little information 
on the concentration of progesterone in-uterine or 
in other target organs. This lack of information on 
the progesterone content of the myometrium or endo- 
metrium, particularly those of human, is probably due 

to the fact that the progesterone content of the tissue 
is very low and until recently the methods were not 
sensitive enough to determine precisely the amount 
of extracted progesterone from rather small samples 
of the material available. With the recent advent of 
radioimmunological techniques, which have a very 
high sensitivity and inherent specificity, the deter- 
mination of progesterone (or estrogen) in the small 
samples of tissues such as the human endometrium 
and myometrium should be feasible. However, crucial 

to the determination of the progesterone concen- 
tration in a tissue by these highly sensitive techniques 

is the availability of a reliable method for the extrac- 
tion of progesterone, and the subsequent preparation 
of a suitable sample for the desired assay. 

In the past generally three variants of a basic 
extraction procedure have been used (for example see 
I-4). They comprise (a) extraction of the tissue di- 
rectly with organic solvents, (b) homogenization of 
tissue in water or strong alkali followed by extraction 
with organic solvents and (c) quick freezing or freeze- 
drying of tissue before extraction with organic sol- 
vents. However, with none of these methods is there 
a complete recovery of the endogenous progesterone. 
In several cases numerous additional steps were in- 
corporated which not only were time consuming but 

increased variability in the amount of progesterone 
extracted from the tissue[l]. Our preliminary exper- 

iments showed that with the use of any of the above 
mentioned procedures, the recovery of progesterone 
was not only low (4C-80%) but there was a consider- 
able variation from sample to sample. The procedure 
in which tissue was first homogenized in sodium hyd- 
roxide gave the best results, however. 

In the present method. the tissue was first chemi- 

cally digested in a mixture of alkali (NaOH) and a 
cationic detergent (sodium dodecyl sulphate) which 
was followed by an extraction with ethyl acetate. 
With this simple method, the extraction of tissue pro- 
gesterone was rapid and virtually complete. The pro- 
gesterone in the extract, after a minor purification 
step, could be determined by radioimmunoassay. The 
details of the method along with the data on its relia- 
bility and precision are presented. 

EXPERIMENTAL 

Tissues. Pieces from rabbit uterus or human myo- 

metrium were used. These tissues, due to the presence 
of high collagen in them, are generally difficult to 
homogenize or digest chemically. Occasionally endo- 
metria from pseudopregnant rabbits or non-pregnant 
women were also used. Human tissues were obtained 
at hysterectomy operations or Cesaerean section deli- 
veries. 

Incubation medium. In order to allow the tissues 
to take up [3H]-progesterone from the medium, they 
were incubated for 1 h at room temperature in Krebs- 
Ringer bicarbonate medium[5] which was bubbled 
with 95% CO2 and 5% 02. 

Digestion of tissues. A mixture of 5% sodium dode- 
cyl sulphate and 0.5 N sodium hydroxide (NaOH) 
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w~as used for the digestion (or dissolution) of the tis- 
sues. Preliminary experiments showed that this com- 
bination of detergent and alkali gave most satisfac- 
tory results. This mixture will be referred to as SDS. 
Tissue samples. wcighinp 20% 300 mg were dropped 
in tubes containing 0.5 ml (or I ml) of SDS. cut into 
small bits with scissors and allowed to stand in a 
water bath at -10 C. The contents were mixed inter- 
mittently, about every Xmin ror a few seconds. on 
a Vortex mixer until the tissues were digested. When 
no particulate material was visible in the tubes, the 
digestion of the tissue was considered complete, which 
took 2 3 h. For larger pieces of tissues proportiona- 
tely greater vol. of SDS was used for digestion. The 

tissue;SDS (w/v) ratio can be varied depending on 
the predicted amount of steroid in the tissue sample 

but adequate time should be allowed for 21 complete 
digestion, Non-pregnant human myometrium, among 
the tissues analysed. took the largest time for diges- 
tion 

L;rtrclctiorr of’progcstcror7c ,from the digrstd tissurs. 

Depending on the predicted progesterone content of 
the tissue. an appropriate aliquot, generally 0.5 ml. 
of the digested tissue was taken for extraction. Extrac- 
tion was performed by shaking with 3 vol. of ethyl 
acetate in glass-stoppered tubes. Two extractions were 
done and the supcrnatant was transferred to dispos- 

able glass tubes. The supernatant was evaporated to 
dryness under air at 40 C. The dried extract. however, 
contained a significant amount of sodium dodecyl sul- 
phatc (a whitish powder at the bottom of the tube) 
as this detergent is to some extent soluble in ethyl 
acetate. Sodmm dodecyt sulphate present in the 
extracted samples strongly interfered in the radioim- 
munoassay of progesterone. but it was easily removed 

by Sephadex gel chromatography. 
Se$~dc.~ cje1 c,hrorllutogrclpll~. Sephadex LH-20 was 

soaked over night in ethyl acetate. Microcolumns 
(Pasteur pipettes) id. 5 mm were packed. using about 
I g of Sephadcx per column. to a total length of 
7.5 cm. Columns were rinsed with ethyl acetate for 
a period of IO min before applying the sample. The 
evaporated extract from the previous step was redis- 
solved in 0.5 ml of ethyl acetate and 0.3 ml of this 

was applied to the top of the column which was sub- 
sequently eluted with ethyl acetate. On the basis of 
the preliminary experiments (see results section) the 
first 3.5 ml of the eluate was collected. A new column 
was used for each sample. After evaporation of the 
collected eluate it was dissolved in 1 ml of ethyl ace- 
tate and a suitable amount, depending on the pre- 
dicted progesterone content. was taken for radioim- 
munoassay. 

R~ldioirnrnurlouss~. The method [or progesterone 
determination was essentially similar to that de- 
scribed by Youssefnejadian YI ur.[6]. The antiserum 
(FO 22.573) which. was a gift from Dr. Kjell Martins- 
son (Royal College of Veterinary Medicine, Stock- 
holm) and found to be highly specific for progester- 
one. was used in a dilution of I : 1500 v/v. The anti- 

serum was raised in sheep against BSA conjugated 
with 1 I r-hydroxyprogestcrone. After addition of anti- 
serum and of labelted progesterone to samples, or 
standards. they were mixed and equilibrated at 3 C 
overnight. The unbound steroids w’crc removed by 
addition of Dextran-coated charcoal. Occasionally, 
the method described recently by Batra [7] ~21s used. 

The radioactivity in these and all other samples was 
counted with liquid scintillation spectrophotometer 

(Packard-Tri-Garb. Model 3320) using Aquasol 
(NEN) as the scintillation solution. When necessary. 
Channels ratio was used to correct for quenching. 

CIn~r~rical,s. Sodium lauryl sulphate (sodium dodecyl 
sulphate) and progesterone wcrc purchased from 
Sigma Chemical Co. Radioactive [ 1.2.6.7,“H]-proges- 
terone (105 Ci;‘mmol) was purchased from New Eng- 
land Nuclear Corporation and Sephadex LH-20 from 
Pharmacia Fine Chemicals. Human chorionic gona- 
dotropin (HCG) was given by Leo. Sweden. 

KESL 1.7s 

Rrcowy of’ ‘H-progc.stc,ro,tc, The recovery in the 
extraction procedure was calculated by determining 
the fraction of the total radioactivity found in the 
extract and was expressed as per cent. As a double- 
check, radioactivity remaining in the aqueous phase 
was also counted. Data are presented as mean 
values f standard deviation (SD.). 

Table 1 shows a complete recovery of progesterone 
which was not influenced by the length of digestion 
in SDS. With NaOH, on the other hand, recovery 
was not only lower but decreased with increasing 
digestion period. Only HO”,, of progesterone from 

NaOH solution could bc recovered after 2- 3 h, a 
period of time essential to digest even small pieces 
(about 200 mg) of tissues. Since. recovery remains un- 
changed even after 24 h in SDS. it has the additional 
advantage that samples. particularly those difficult to 
digest, could be left overnight before extraction. 

Recovery ot” progcsteronc added to SDS and 

NaOH treated tissues (non-pregnant human myome- 
trtum) was 9X.45’!,, k 4.4 (II = 14) and X6.63’:, + 1.41 

Table I. Recovery 01 progesterone dissolved 
in NaOH or SDS solution and extracted at 

various times with ethyl acetate 

Time (h) 
Recovery “(, l‘rom 
SDS NaOH 

0.5 104.1 90.6 
I 103.1 87.9 
2 99.7 Xl.4 
3 99.2 X0.6 

24 100.0 61.6 

F-ive ng progesterone labellcd with 
[-‘HI-progesterone (I 0.000 c.p.m.)/ml of the 
respective solution was kept in a water bath 
at 40°C. Aliquots 0.5 ml were taken at the 
times shown and extracted with ethyl acetate. 
Values are means of duplicate determina- 
tions. 
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Table 2. Recovery of [3H]-progesterone from tissues priorly incubated in Krebs-Ringer 
medium containing [3H]-progesterone 

Tissue 
Number of Recovery % from 

determinations SDS NaOH 

Rabbit uterus 
Human myometrium 
(non-pregnant) 

10 97.10 + 0.21 72.42 + 6.90 
13 93.12 f 0.97 71.82 f 5.36 

Tissue pieces (about 200 mg) were incubated for I h, rinsed in Krebs-Ringer for 15 s 
and dropped in 0.5 ml of the respective solution. Tissues were cut into small bits (c.f. 
Table 4) and left to be digested. Progesterone was extracted after digestion of the tissue 
and radioactivity in the extract was counted. 

(n = 12) respectively. The recovery of progesterone, 
or other steroids, added to tissue homogenates, how- 
ever, is not comparable to the recovery of endogenous 
steroid, particularly when the tissues are homogenized 
in a medium, such as NaOH, where the binding of 
progesterone to tissue is drastically changed and 
probably is completely eliminated. Further recovery 
experiments were therefore done on tissues which 
were allowed to accumulate [3H]-progesterone under 
physiological conditions in vitro (see Methods). Table 

2 shows recovery of progesterone from such tissues. 
About 95% progesterone could be recovered from tis- 

sues digested in SDS whereas only about 72% could 
be recovered from tissues digested in NaOH. Not 

CPm I 

1 2 3 4 5 ml 

Fig. 1. Elution pattern of [3H]-progesterone from 
Sephadex LH-20 microcolumn (Pasteur pipette), i.d. 5 mm. 
After the introduction of 0.3 ml of the sample which was 
contaminated with SDS, it was eluted with ethyl acetate 

and eluate was collected in 0.5 ml aliquots. 

only was there a poor recovery from the NaOH 
digested tissues, there was also a greater variation in 

the amount recovered. 
The elution profile of progesterone from Sephadex 

is shown in Fig. 1. On the basis of this information 
first 3.5 ml of the effluent was collected and the recov- 

ery of progesterone determined. Table 3 shows that 
the recovery of [3H]-progesterone added to tissues 

was unaffected by passage through Sephadex column. 
To further reinforce the above evidence for the 

completeness and high precision in the extraction of 
endogenous progesterone, radioactive progesterone 
was determined in pieces of myometrium obtained 
from rabbits injected with [3H]-progesterone. The 
results in Table 4 show that 95% of the tissue radioac- 
tivity, since only 5% was found in the aq. phase, could 
be extracted when uterine pieces of rabbits given an 
intravenous injection of [3H]-progesterone were ana- 
lysed. The precision was also high. The recovery of 
radioactivity in ethyl acetate extract from tissues after 
a subcutaneous injection was lower, presumably due 

to higher concentration of water soluble metabolites 
as the remaining radioactivity was found in the aq. 
phase (see Discussion). However, here also the preci- 
sion (see SD.) was high. 

Recovery as determined by RIA. It was essential to 
determine the actual progesterone concentration in 

recovery experiments to ascertain that the radioacti- 
vity determined in the previous set of experiments 

did in fact represent progesterone and not its metabo- 

lites or chemically hydrolized products. The recovery 
of a known amount (long) of progesterone added 

Table 3. Effect of the passage of tissue extract through Sephadex LH-20 (to remove 
SDS contamination) on the recovery of progesterone 

Tissue 
Number of 

determinations 

Recovery “/, 
Before chroma- After chroma- 

tography tography 

Human myometrium 
(non pregnant) 
Human myometrium 
(pregnant) 

4 100.43 If: 2.53 97.55 f 2.85 

4 108.10 + 4.78 103.60 k 2.90 

Tissues were incubated in Krebs-Ringer medium containing [3H]-progesterone, and 
subsequently digested and extracted. An aliquot of the extract was chromatographed. 
The radioactivity in the extracts before and after chromatography was counted. 



Table 4. Recovery of radioactlvity from uterine tissues ol 
rabbits injected with [‘HI-progesterone 

Mode ol Numhcr of Recovcrl “,, 01 
administration determinations total in iissue* 

I.V. I 9 94.94 f 0. IX 
S.C. IO 8 I .93 & 0.17 

Two hundred j~Ci of progesterone was injcctcd either 
intravenously or subcutaneously to estrogen primed rab- 
bits. The animals were killed after IO min of i.v. injection 
or after I h of S.C. injection. The uterine horns were 
removed and several pieces of the uterino tissue weighing 
ahout 300-400 mg were cut. The picccs wcrc rinsed in cold 
Krchs-Ringer solution for I min. weighed and radioacti- 
vity extracted with ethyl acetate after chgcstion in SDS 
for 3 h. 

*Total radioactivity is the sum of that found in the 
extract and the aqueous phase. 

in SDS solution as determined by RIA, following the 

complete procedure of SDS digestion (2 h). extraction 
and chromatography, was 107?,, i 7.3 (n = IO). 

Table 5 shows the recovery of progesterone added 
to tissue digests (pregnant myometrium at term). The 
results show a complete recovery of added progester- 
one determined by the present extraction and RIA 
procedures. 

In Table 6 progesterone concentration of tissue 
samples. weighing between 2OG230 mg, cut from the 
same myometrium is shown. In spite of the possibility 
of some variation between each individual piece[l]. 
the precision was relatively high. The localization. 
with respect to placenta. of this myometrium obtained 
at a Caesarean section was not determined. 

The progesterone concentration of rabbit uteri 
obtained from two groups of pseudopregnant rabbits 
is shown in Table 7. As would be expected. the pro- 

gesterone concentration in early (h-day) pseudopreg- 
nancy was considerably higher than that towards the 

end ( I X-day). of pseudopregnancy. 

In view of the fact that detergents have recently 
been found to be very effective in dissolving cellular 

I 0.7057 X9.‘) 
2 O.?iS2 xs.1 
3 0.7050 92.7 
3 0.1037 90.4 
5 0.2072 YR.0 
6 0.21 24 x2.4 

YO.40 5 4.Y5 

Progesterone conccntratlon was dclermlncd by RIA in 
six different pxces of a m>ometrial strip ohlaincd al a 
Cesaerean section delivcrj. 

proteins. which are otherwise difticult to dissolve. fol 
example cell membrane proteins[X. 91. it was not sur- 
prising to have obtained excellent results with SDS 
for digestion of the tissue. Among a number of agents 
tested as solubilizcrs for cellular membranes[X]. 
sodium dodecyl sulphate was found to bc one of the 

two most effective in solubilizing orythrocyte mem- 
branes. The organic nature of dodccyl sulphatc as 

well as its high capacity for binding to proteins[lO] 
may further contribute to dislodge steroids bound to 
tissue proteins. Recently. by using sodium dodecyl 
sulphate. Higgs and Vune[ I I] obscrvcd ;I considcr- 
able improvement in the extraction of prostaglandins 
from synovial fluid. 

The organic character 01‘ SDS. however. also Id 
to its carry over in the ethyl acetate extract. which 

Table 7. Progesterone conccntrahon in uteri of pseudo- 
pregnant rabbits 

Number of Days pscudo- Progcstcronc 
animals prcgnan t Cwg) 

5 (1 22.x0 * 7.9 
5 IX 4.8X i 0.31 

Pseudopregnancy was induced by an i.\. injection 01 
701U of HCG (Gonadex. Leo. Sweden). 

Table S. Recovery of progesterone added to tissue digest as dctcrmmcd hy RIA 

Progesterone in 
tissue sample 

(ng) 

Progesterone 
added 

(ng) 

Progesterone 
recovcrcd 

(ng) 

Recovery ‘I,, of added 
progesterone 

x.4 9.5 9.0 94.7 
7.6 8.0 8.4 105.0 
8.0 X.0 7.4 Y2.5 
7.0 x.5 8.0 94.1 

~~__ 
96.58 i 4.Y.i 

All four pieces weighing about 200mg. were cut from a myometrial strip obtained 
at a Cesaerean section and processed for the determination of progesterone by RIA 
as described in the methods. 
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strongly interfered in RIA of progesterone. This was 
easily remedied by simply passing the extracts 
through Sephadex columns. 

The mechanism by which Sephadex LH-20 retained 
SDS cannot be determined. It has been shown by 
Gaylor and Delwiche[12] that this Sephadex (LH-20) 
was very effective in retaining certain non-ionic deter- 
gents. It appears that the SDS is also retained by 
adsorption to the non-polar Sephadex rather than 
due to a molecular sieving process[12]. 

With the present procedure of extraction, about 
100% of the tissue progesterone could be recovered. 
In none of the previously reported methods, such high 
recoveries were possible [l, 3, 4, 13, 143. It is impor- 
tant while measuring recovery of added progesterone, 
as usually done by the addition of radioactive steroid, 
that sufficient time and appropriate conditions are 
provided for the radioactive progesterone to be able 
to bind to tissue proteins or be exhanged with the 
endogenous progesterone. For example, addition of 
progesterone to tissue homogenate in an unphysiolo- 

gical medium such as NaOH (Table 2), or when the 
addition of progesterone is followed rapidly by an 
extraction, would not be comparable to the recovery 
of endogenous progesterone, a point often over- 
looked. The method of incubating tissues with 
radioactive progesterone, rather than the addition of 
radioactivity in the homogenate, would appear to be 
the simplest and most acceptable method for deter- 
mining the recovery of endogenous steroid. Recently 

Guerrero et al. [4] obtained only 60.2% f 11.1 recov- 
ery of progesterone which was added to homogenate 
of freeze-dried tissue. 

Another, but less convenient, method for checking 
the recovery would be to administer radioactive ster- 
oid to the animal, sacrifice the animal and remove 
the appropriate tissue for the recovery measurement, 
as was attempted in the present investigation. With 
this approach, however, there may also be additional 
complications, particularly when extensive water solu- 
ble radio metabolites are formed rapidly, since one 
cannot be certain that the radioactivity in aqueous 
phase represents inextractable progesterone or the 
water soluble metabolites. This may be the explana- 
tion for the apparent lower recovery in the exper- 

iment where tissues were removed after 1 h of a sub- 
cutaneous injection than that when they were 
removed after only IOmin of i.v. injection (Table 4). 

With the present extraction procedure, when com- 

bined with radioimmunoassay as described, one is 
able to determine progesterone concentration in the 
myometrial and endometrial tissues weighing as little 
as 50 mg. Since the endogenous progesterone can 
completely be recovered in the extract, the sensitivity 
of the assay depends almost entirely on the method 
used for the determination of the steroid in the 
extract. 

The limited data presented on the progesterone 
content of human myometrium at term is in agree- 

ment with those published previously where the 
authors have had to use several grams of tis- 
sue[ 1,3,15,16]. The progesterone content of the uteri 
of 6-day pseudopregnant rabbit was much higher 
than that of l&day pseudopregnant rabbit which cor- 
responds to the level of progesterone in 
plasma[17, 1 S]. These data are also comparable to 
those reported recently by Challis et aI.[14] on preg- 
nant rabbit myometrium. These authors determined 
tissue progesterone by radioimmunoassay and the 
reported recovery from the extraction procedure, as 
measured by adding C3H]-progesterone to the tissue 
homogenates, was only 70%. 

The present method for the determination of pro- 
gesterone in tissue is relatively simple and inexpen- 
sive. It can therefore, be easily undertaken by any 
laboratory using radioimmunoassay of steroids in 
plasma or other body fluids. 
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