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5 This invention relates to a radioimmunoassay for progesterone. 5 
In non-pregnant, pre-menopausal human females, most progesterone is synthesised 

by the corpus luteum of the ovary, with smaller amounts being synthesised by the adre-
ns's, '"he*e it serves as a precursor for the synthesis of other steroids. In males, small 
amounts are synthesised by the adrenals and by the testes, 

10 In the noimal male and post menopausal female, serum progesterone levels are 10 
usually les than about 2 ng /ml (range 0.4 to 4.4 ng /ml ) . However, in the normal ovu-
lating female, levels vary according to the phase of the menstrual cycle. During the 
follicular phase (days 1 to 12) of the cycle serum progesterone levels lie in the range 
0.4 to 4.4 ng/ml . Ovulation takes place at about day 14 (midcycle). 

15 As the corpus luteum develops from the ruptured follicle, it synthesises increasing 15 
amounts of progesterone from the cholesterol pool peaking at a serum progesterone level 
varying from about 2 to 20 ng/ml at 7 to 10 days after ovulation (days 21 to 24 of the 
cycle). Progesterone is pyrogenic and increases the body temperature by about 1°F in 
midcycle. The main functions of progesterone are to prepare the endometrium for im-

20 plantation and, should fertilisation occur, to maintain the pregnancy. In the absence of 20 
fertilisation, the corpus luteum is not maintained, and progesterone levels fall rapidly 
to the basal levels by the end of the cycle (day 28), when menstruation recommences. 
The elevated serum levels of progesterone during the cycle are accompanied by parallel 
increases in the levels of the progesterone metabolite, pregnane diol, in the urine. 

25 I f fertilisation occurs, serum progesterone levels begin to rise on the day of the 25 
luteinising hormone peak, reaching a plateau of from about 10 to 35 ng/ml over the 
subsequent 7 days. Levels usually fluctuate within the limits of this plateau through to 
about the 10th week as the placenta takes over production of progesterone. After this, 
there is a sustained rise in serum progesterone up to levels of about 100 to 300 ng/ml 

30 just before term, at which stage the serum concentration begins to fall, reaching about 30 
70% to 80% of its peak level by term. 

The assay of serum progesterone levels is particularly useful in infertility studies. 
A single measurement of serial measurements can be useful in determining whether 
ovulation has occurred, especially following treatment. This treatment may include 

35 therapy with human menopausal gonadotrophin (Pergonal), clomiphene stimulation or, 35 
recently, releasing hormone stimulation of pituitary gonadotrophin synthesis and secre-
tion. Confirmation is naturally obtained by successful conception. 

A similar pattern in the levels of progesterone during the reproductive cycle is 
observed in other mammals, although the relative importance of the placenta and the 

40 corpus luteum in progesterone production varies from mammal to mammal. Reproduc- 40 
tive efficiency is important in animal husbandry, as loss of production through failure 
to identify non-pregnant animals can be costly. Diagnosis of pregnancy in cows is par-
ticularly important, but it is difficult or impractical to make this diagnosis accurately at 
an early stage by clinical diagnosis or by chemical analysis of urinary oestrogens, plasma 

45 gonadotrophins or plasma progesterone. Recently, however, excellent correlation has 45 
been found between progesterone levels in plasma and in milk, the latter being appre-
ciably higher. 

The radioimmunoassay systems previously proposed for determining progesterone 
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levels have a major disadvantage in that a preliminary purification procedure is neces-
sary. Furthermore, until recently, tritiated tracers have been used, with the attendant 
problems of jS-Iiquid scintillation counting. These disadvantages include relatively in-
sensitive assays, protracted and time-consuming procedures and the problems of j8-

5 scintillation counting itself: sampling the supernatant solution, radioactivity quenching, 5 
cost of reagents and their subsequent disposal. The introduction of 7-ray emitting iso-
topes as tracers have simplified counting, but even assays using such tracers have still 
required pretreatment of serum samples. The pretreatment used is, for example, as 
follows: 

10 S E R U M SAMPLE 10 
1 

add petroleum ether 
i 

shake 15 minutes 
15 I 15 

freeze aqueous layer 
I 

decant off petroleum ether 
I 

20 evaporate to dryness 20 
i 

add buffer 
I 

vortex and stand 30 minutes 
25 | 25 

ASSAY 

Further steps, for example, recovery experiments and chromatography, are often 
incorporated in the pre-treatment. 

As an alternative to a tritiated tracer in the radioimmunoassay of progesterone it is 
30 possible to employ a radioactive isotope of iodine as a y-ray emitter. Most radio- 30 

immunoassays using iodinated tracers employ homologous systems, that is to say, both 
the tracer and the protein used to form the conjugate are attached to the same position 
on the steroid and use the same bridging group, for example, l la-hemisuccinate-TME 
tracer and lla-hemisuccinate-protein conjugate. ( T M E = tyrosine methyl ester). Such 

35 assays are relatively insensitive, however, and it has been proposed to use heterologous 35 
systems to improve the sensitivity. In such a system the bridging groups are different 
in the tracer and the conjugate and/or the conjugating protein and tracer are attached 
to different sites on the steroid. The relative sensitivities of homologous and hetero-
logous assay systems are compared by Scarisbrick and Cameron in Journal of Steroid 

40 Biochemistry 1975 vol 6 pp 51—55, but in all cases the assay systems require the time- 40 
consuming laborious step of pretreatment of the sample as described above before in-
troduction into the assay itself. 

The present invention is based on the surprising observation that the use of certain 
heterologous systems enables sufficient sensitivity to be achieved to enable a progester-

45 one assay to be carried out directly on a sample of a biological fluid, for example, 45 
serum, plasma, urine or milk. 

The present invention provides a radioimmunoassay for progesterone which com-
prises contacting, in an acidic medium, preferably an acidic buffer, a sample of liquid 
with a predetermined amount of antibodies raised against a progesterone-protein com-

50 plex, the protein being attached to the 11-position, generally the lla-position, of pro- 50 
gesterone by means of a bridging group, and with a pre-determined amount of a pro-
gesterone derivative having an iodinatable group attached to its 3-position by means 
of a bridging group, the iodinatable group being iodinated with one or more atom(s) 
of a radioisotope of iodine, separating the steroid bound in the resulting antibody-

55 antigen complex from the free steroid component and measuring the radioactivity of the 55 
free steroid component or of the antibody-antigen complex. The antiserum is generally 
the last of the components to be added, and the tracer is preferably added to the 
standard or sample respectively. 

The liquid to be assayed is especially a biological fluid or an aqueous extract of a 
60 biological tissue or organ, for example, it is serum, plasma, urine or milk. 60 

The assay method itself is a conventional radioimmunoassay, and the use of a 
heterologous system comprising an antiserum to a progesterone l l^-protein conjugate 
and a 3-iodinated tracer in such an assay has already been proposed by Scarisbrick and 
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Cameron (loc. cit.), but in their assay, as pointed out above, a pre-treatment involving 
petroleum ether extraction as described above is an essential step. It is surprising that 
this step, previously considered to be essential for all radioimmunoassays of progester-
one, can be omitted and that the assay can be carried out directly on a sample. This 

5 clearly results in considerable savings in the time spent by highly trained technicians 5 
in carrying out this assay, and also enables the results of the assay to be available more 
quickly, together with a high throughput of unknown samples. This is not possible with 
the assay systems requiring the pre-extraction step. 

As mentioned above, the assay itself is a conventional competitive binding radio-
10 immunoassay, that is to say, it depends on the competition for binding sites on a pro- 10 

gesterone-specific antiserum between unlabelled progesterone and an iodinated deriva-
tive of progesterone, the iodine being radioactive. The proportion of iodinated pro-
gesterone bound to the antibody is inversely related to the amount of unlabelled pro-
gesterone present. This proportion is measured by separating the bound and free com-

15 ponents, generally by adsortpion of the latter, and measuring the radioactivity of either. 15 
The radioimmunoassay of the present invention requires an antiserum to a proge-

sterone 11-protein conjugate, generally an 1 la-protein conjugate, as one reagent and 
a progesterone 3-iodinated tracer as another reagent. The sites of attachment of the 
protein and of the iodinated group to the progesterone are important features, the 

20 nature of the protein, the iodinated group and the bridging groups being of lesser 20 
significance. 

The theoretical basis for forming protein-steroid conjugates is well known, and 
several techniques are available for forming such conjugates. Examples of proteins 
which may be used are ovalbumin (OA), bovine serum albumin (BSA), human serum 

25 albumin (HSA), keyhole limpet haemocyanin (KLH), bovine gamma globulin and 25 
polylysine. 

Bridging groups generally have the general formula l l a -OR in which R represents 
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Of these systems ovalbumin joined to the steroid by a hemisuccinate bridge is 
30 preferred. 30 

The protein-steroid conjugate is used to raise an antiserum that has a high affinity 
for progesterone but has a limited degree of non-specificity around the 3-position for 
use in the assay of the invention. The antiserum may be produced in any mammal, for 
example, a horse, goat or sheep, but rabbits and guinea pigs are preferred. Techniques 
for raising an antiserum in a host animal are again well known. In the present case, 35 
with rabbits, it is preferable to use the multisite intradermal technique, the preparations 
for injection comprising an aqueous immunogen or an adjuvant emulsion in addition to 
the antigen, with booster injections as appropriate following assessment of the response. 

With the iodinated tracer, as with the protein conjugate, it is the position of attach-
ment on the steroid molecule that is important and to a lesser extent the nature of the 40 
group itself and the bridging group. Any group that can be iodinated may be used, pre-
ferably an iodinatable aromatic or aromatic heterocyclic residues, for example, tyrosine 
methyl ester, tyramine derivatives or, especially, histamine. The radioisotope of iodine 
that is generally used is 125I although 13lI can also be utilised. 

The conventional chloramine-T, sodium meta-bisulphite method used for iodina- 45 
tion does not result in good yields when the iodinatable group is histamine attached to 
the 3-(0-carboxymethyl)oxime bridging group. We have found by using instead 
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sodium hypochlorite as oxidant and using no reductant, but instead adding an excess of 
an iodinatable group to take up any excess iodine, a considerable improvement in yield 
is obtained. This is important if the assay is to be used on a commercial rather than 
an experimental scale. This method of preparing the iodinated tracer is described and 

5 claimed in our co-pending application No. 80/41606 (Serial No. 1 604 804) and may 5 
be carried out by admixing the iodinating agent, generally an alkali metal iodide, pre-
ferably sodium iodide, and the progesterone bearing an iodinatable group, adding 
sodium hypochlorite solution and then an excess of the free iodinatable group to trap 
any free iodine remaining in solution. The reaction mixture is preferably extracted with 

10 an organic solvent, preferably ethyl acetate. The product, present in the organic extract, 10 
is preferably purified by column or thin layer chromatography, or high pressure liquid 
chromatography ( H P L C ) . 

Again the nature of the bridging group between the iodinatable group and the 
steroid is not so important. It may be the same as that used for the conjugate but it is 

15 preferably different. (O-Carboxyalkyl)oxime groups of the general formula 15 

O 
II 

— N O — ( C H s ) n — C — 

in which n is an integer of from 1 to 6 are preferred bridging groups. Of these, the 
carboxymethyloxime group has been found to be particularly useful. 

The preferred combination of reagents for the assay of the invention is an anti-
20 serum raised against progesterone 11 u-hemisuccinate-ovalbumin, and progesterone 3- 20 

(O-carboxymethyl) oxime- [ , 2 ' I ] -iodohistamine. 
Steroid hormones are frequently found in body fluids loosely attached to steroid 

binding proteins by which they are transported in the blood. Displacement of the hor-
mone is necessary for a quantitative estimation. This situation applies whether or not 

25 the assay is direct. Displacement can be effected by adding an excess of a non-cross 25 
reacting steroid, by heat denaturation of the binding protein, by using an acidic buffer, 
or by another known method. The assay of the invention is carried out in an acidic 
medium, generally an acidic buffer, which releases the progesterone from any binding 
protein where the binding affinity to that protein is relatively low. The buffer does not, 
however, cause the release of progesterone from the antibody used in the invention, the 30 
binding affinity being relatively high. The recommended buffer is phosphate-citrate 
with a p H of 3 .5±0.5 . Preferably each reagent is in the acidic buffer. 

The assay is carried out in a conventional manner, for example, a set of tubes is 
made up each comprising an aliquot of 3-iodinated tracer and either a known amount 

35 of a standard progesterone solution in an appropriate steroid-depleted diluent, or an 35 
unknown sample. It is preferable to add the tracer to the standard or the sample. An 
aliquot of the antiserum is added to each tube, the contents of which are mixed well and 
allowed to stand, preferably at 0—4°C in the case of serum or plasma samples. The 
assay can be performed at more elevated temperatures, e.g. room temperature or 37°C. 
Room temperature is preferred in the case of a milk assay. After a certain time has 40 
elapsed, preferably 2\—5 hcurs, an aliquot of a separating reagent is added to each 
tube. The separating reagent is, for example, a double antibody or ( N H 4 ) 2 S 0 4 , but is 
preferably activated charcoal. After allowing sufficient time for the separating reagent 
to bind the free steroid, it is separated from the rest of the contents of the tube, in the 

45 case of activated charcoal preferably by centrifugation, and the radioactivity of the solid 45 
or liquid phase is determined. In the case of a charcoal adsorbent the solid phase is pre-
ferably counted, i.e. the radio-activity of the free (not antibody-bound) iodinated 
tracer. Alternatively the supernatant liquid phase may be sampled and counted. A 
standard curve is drawn, and the amount of progesterone present in the sample can be 

50 interpolated from the curve. 50 
The assay :s preferably carried out as follows in the case of serum or plasma 

samples: 
The standards are prepared to contain nominally up to 16 ng progesterone per ml, 

advantageously 0, 1, 2, 4, 8 and 16 ng/ml. The sensitivity of the assay is such that 
55 using the combination of reagents described and the above standards, only 20 »1 of a 55 

plasma sample are required. All steps are preferably carried out at 0 to 4°C. After 
addition of the antiserum the tubes are allowed to stand for 1—5 hours. After addition 
of a charcoal arsorbent the tubes are allowed to stand for 5—15 minutes, preferably at 
0 to 4"C, and are then centrifuged at 750 to 1500 g for 15 minutes. The supernatant 

60 liquid phase is decanted off and the pellet of charcoal is counted for 60 seconds. 60 
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Using the above standards the range of progesterone that can be accurately deter-
mined is from 1 to 16 ng/ml. Higher concentrations, for example, up to about 50 
ng/ml , as found during pregnancy, can be determined accurately by a prior dilution of 
the sample with a serum that contains an insignificant amount of progesterone, for 

5 example, male horse serum. 5 
The sensitivity of the assay can be increased, i.e. levels below about 1 ng /ml can 

be determined accurately by appropriate dilution of the antiserum, by use of suitable 
standards and/or increasing the length of incubation prior to separation of the free and 
bound steroid components. In this way, follicular phase levels of progesterone in females 

10 and levels of progesterone in adult males can be assessed. 10 
As indicated above, the assay of the invention may be carried out on samples of 

serum or plasma obtained from males or post-menopausal females, or from pre-meno-
pausal females. In the latter case, the assay may be used to determine pregnancy. If 
carried out in conjunction with an hCG assay during pregnancy in the case of a 

15 threatened miscarriage, it may be possible to determine the cause of the threatened mis- 15 
carriage i.e. a defective foetus or a deficiency of progesterone. These methods of deter-
mination are part of the invention. 

The assay is particularly useful in the investigation of infertility, in so far as it is 
caused by lack of ovulation, and also in monitoring the effect of drugs administered to 

20 treat such a condition. A series of plasma samples obtained from a female ovulating 20 
naturally or under the influence of drugs shows the rise and fall in progesterone levels 
described above. In the absence of ovulation, the luteal phase rise in progesterone levels 
is not observed. We have found that, using the assay of the present invention, progester-
one levels of 5 ng /ml are indicative of ovulation, and levels of 12 ng/ml or more are 

25 indicative of adequate luteal function. It is not necessary, however, to take samples 25 
throughout the menstrual cycle: 5 to 9 days after ovulation or administration of an ovu-
lation-stimulating drug is generally suitable, and 7 days appears to be optimum for 
taking a single sample. 

As mentioned above, we have also found that the radio-immunoassay of the inven-
30 tion may be used to determine progesterone levels in milk. This method, which is also 30 

part of the invention, is useful in animal husbandry as it is possible to determine easily 
and at an early stage whether or not an animal is pregnant, and also to monitor ovarian 
function. The assay may be carried out on the milk of any commercially reared animal, 
for example, a mare, a sow, a rat or, especially, a cow. 

35 The milk assay is carried out as described above, it being preferable to incubate 35 
the reaction mixture at room temperature. The standards used are prepared to contain 
appropriate amounts of progesterone. In the case of cows this is nominally up to prefer-
ably 32 ng progesterone per ml, advantageously nominally 0, 2, 4, 8, 16 and 32 ng/ml . 
The steroid depleted diluent for the standards is a milk preparation that is substantially 

40 progesterone free, for example, milk from an ovariectomised cow, or a preparation pre- 40 
pared from skimmed milk, especially low fat, dried skimmed milk, which is available 
commercially. In the case of lew fat skimmed milk, a preparation containing up to 5% 
thereof is generally used. 

The invention accordingly further provides a method of determining pregnancy 
45 and/or ovarian function, which comprises carrying out the assay of the invention on a 45 

sample or a series of samples obtained from a female mammal during one or more men-
strual or reproductive cycles. In the case of commercially reared animals, milk samples 
are preferably analysed, but plasma or serum samples are generally used in the case of 
humans. In the latter case, to determine ovulation, if one sample only is to be taken, 
this should be obtained in the presumptive luteal phase, preferably 5 to 9 days after 50 
presumptive ovulation, and especially 7 days thereafter. 

The invention also provides a kit for carrying out the radioimmunoassay of the 
invention, which comprises 

(i) 3-iodinated progesterone, the iodine being a radioactive isotope, preferably 
125I, 55 

(ii) antiserum raised against a progesterone 11-protein conjugate, preferably an 
1 la-protein conjugate, 

(iii) progesterone standards, preferably containing nominally 0 , 1 , 2, 4, 8 and 16 
ng/ml in the case of serum and plasma assays, and 0, 2, 4, 8, 16 and 32 
ng/ml in the case of milk assays for cows, and which preferably also 60 
comprises 

(iv) a separating reagent, preferably a charcoal adsorbent, 
preferably together with instructions for carrying out the assay. 

A test sample comprising a known amount of progesterone in an appropriate 



6 1,604,863 6 

diluent e.g. serum or milk may be provided as a further component of the kit. 
At least one and preferably all of the reagents are in an acidic medium, preferably 

an acidic buffer. 
The various reagents are preferably freeze-dried, and are preferably as described 

5 above in relation to the assay. _ 5 
The cross reactivity of various steroids in the assay of the invention are given 

below. 
Table 

Steroid % Gross Reactivity 
Progesterone IDG 
Pregnenolone 10.5 
Pregnenolone sulphate 0.4 
Pregnenolone glucuronide 10.0 
5a-Pregnan-3,20-dione 6.0 
5j8-Pregnan-3a,20a-diol 0.7 
Desoxycorticosterone 0.01 
Corticosterone 2.7 
20«-Hydroxyprogesterone 0.25 
5j8-Pregnan-3a-ol-20-one 8.0 
17a-Hydroxyprogesterone 1.3 

Other commonly occurring steroids and synthetic progestins show negligible cross 
10 reaction in the assay. The table above shows that pregnenolone and pregnenolone-3- 10 

derivatives exhibit some cross reactivity. This is necessary in order that the heterologous 
system of the present invention can be applied to the investigation of circulating pro-
gesterone levels and of progesterone levels in milk. 

The levels of pregsterone determined in human serum or plasma using the assay 
15 of the invention are inevitably higher than those obtained using the conventional assays 15 

which require pre-extraction, in part because there is a certain procedural loss of the 
steroid, generally 10—20%, during the pre-treatment in the conventional assays. Fur-
thermore, the presence of relatively high concentrations of conjugates of pregnenolone 
and other interfering substances results in marginally increased values in the present 

20 assay compared with results from an assay which involves prior extraction with an 20 
organic solvent, when the conjugates remain in the aqueous phase. If desired, the sample 
of liquid under investigation can, of course, be extracted prior to the radioimmuno-
assay. This enables direct comparison to be made with results obtained using radio-
immunoassays requiring the extraction procedure, but is not necessary as a general step, 

25 as the results obtained with the radioimmunoassay of the invention are self-consistent 25 
and, of course, may be obtained much more rapidly than is currently possible. 

The following Examples illustrate the invention. In the Examples, ratios of sol-
vents for chromatography are by volume. 

EXAMPLE 1. 
30 A progesterone radioimmunoassay kit having the followirg reagents was prepared. 30 

1. Iiodinated 12sI-progesterone, containing not more than 5«Ci 12''I on the date of 
manufacture, freeze dried in buffer (1 vial). 

2. Rabbit anti-progesterone serum, freeze dried in buffer (1 vial). 
3. Reference standards of progesterone, containing nominally 0, 1, 2, 4, 8, 16 ng 

35 progesterone/ml, freeze dried in horse serum (6 vials). 35 
4. Test serum, freeze dried human serum (1 vial). 
5. Charcoal separating reagent, (1 vial). 
6. Graph paper/data sheets. 

The procedures followed in the preparation of reagents 1 to 5 is given below. The 
40 amount of the reagents provided is sufficient to construct at least 2 standard curves in 40 

duplicate. In addition, the test serum and 42 unknown patients' samples (in duplicate) 
may be assayed if a single standard curve is prepared. A proportionately reduced num-
ber of patients' samples can be accommodated should more than one standard curve be 
required. Samples which fall outside the range of the standard curve will require dilu-

45 tion and reassay. 45 
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1. Iodinated Progesterone-3-Carboxymethyloxime-Histamine 
Materials required: 

A, 0.25M Phosphate buffer p H 7.4. 
B. Phosphate-citrate buffer, p H 3.5,1.25 %BSA. 

5 C, Progesterone-3-carboxymethyl-histamine solution. 3.0 mg of this compound were 5 
dissolved in 10 ml of dioxan (spectroscopic grade). 

D. Sodium hypochlorite solution. 10 of sodium hypochlorite solution ( B D H 
approx. IN in 0.1N NaOH, were added to 10 ml of the 0.25M phosphate buffer 
p H 7.4 (A above) and mixed thoroughly. 

10 E. Histamine solution 5 mg (approx) of histamine dihydrochloride were dissolved in 10 
10 ml of the 0.25M phosphate buffer pH 7.4 (A) . 

F. 5 ml of ethyl acetate. 
G. Sodium iodide-125. 

In an iodination box there was set up a glass tube over a magnetic stirrer. To the tube 
15 was added 2 mCi sodium iodide-125 (RCL J 5006), then 10 „ul of the phosphate buffer 15 

A, then 20 «1 of the steroid solution C, and the mixture was then stirred for 10 seconds. 
10 ,ul of the sodium hypochlorite solution D was then added and the mixture was stirred 
for 120 seconds. 10 «I of the histamine solution E were added to trap any free iodine 
remaining in solution, and the mixture was stirred for a further 30 seconds. A small 

20 sample of the reaction mixture was spotted on to a thin layer chromatography plate to 20 
enable an estimate of the reaction yield to be made, if desired. The remainder of the 
reaction mixture was extracted with 200 ,ul of ethyl acetate F, the organic layer being 
removed and retained. The extraction was repeated with a further 200 al of ethyl 
acetate and the ethyl acetate extracts were combined. 

25 The product was purified by column chromatography as follows: ^5 
A silica gel column (100 g, Merck 7734) was prepared using chloroform-methanol 

(9:1) as solvent. The column was so arranged that the eluent passed through an L K B 
Uvicord adapted for monitoring radioactivity and fractions were collected using an 
LKB fraction collector. 

30 The combined ethyl acetate extracts were added to the top of the column, and the J 0 
column was eluted slowly with chloroform-methanol (9 :1) , 3 ml fractions were col-
lected, and those corresponding to the main peak were combined and evaporated to dry-
ness in a stream of nitrogen. The residue was reconstituted in 20 ml of the phosphate-
citrate buffer B, and the solution was sterile filtered through a Millipore filter apparatus. 

35 ( " M i l l i p o r e " is a Trade Mark.) The sterile filtrate was made up to 25 ml with 35 
sterilized phosphate-citrate buffer B. 

The total and specific activities of the final solution were calculated accurately, 
and the solution was diluted with sterilized phosphate-citrate buffer B to give a final 
concentration of 0.65 «Ci/ml in 1500 ml. 

40 The diluted solution was dispensed in 4 ml aliquots into 20 ml glass bottles, freeze 40 
dried and stored at 4°C. 

2. Rabbit anti-progesterone serum 
Rabbits which have been immunised with progesterone lla-hemisuccinate-oval-

bumin by the multisite intradermal technique with booster injections were bled 
45 periodically and those samples having an antibody titre of 1/4000 or above (initial 45 

dilution) were pooled and mixed well. 4 ml aliquots were dispensed into bottles and, if 
not required immediately, were deep frozen. 

A sample, after thawing if necessary, was admixed with a 1.25% bovine serum 
albumin citrate phosphate buffer having a pH of 3.5 to give a final dilution of 

50 1:10,000. The dilute solution was then sterile filtered and 4 ml aliquots were dispensed 50 
into 20 ml bottles, lyophilised and stored at 4°C. 

3. Progesterone standards 
Standards in horse serum, containing 

S° 0 ng P 4 / m l (P4 is progesterone) 
55 S 1 1 ng P 4 / m l 55 

S2 2 ng P 4 / m l 
S8 4 ng P 4 /ml 
5 4 8 ng P 4 / m l 
5 5 16 ng P 4 / m l 

60 were prepared as follows: 60 
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10 mg of dry progesterone were dissolved in 10 ml of benzene in a volumetric flask 
to give a Img /ml solution. 10 <d of that solution were blown down in a stream of 
nitrogen, then 10 ml of ethanol were added to the residue and mixed thoroughly to give 
a 10 ' ig/ml solution. 6.4 ml of the 10 «g/ml solution were mixed with 6.4 ml of phos-

5 phate buffered isotonic saline, and the volume was made up to 4000 ml with sterile 5 
filtered male horse serum. This solution is the 16 ng/ml standard ( S ' ) . 

T h e 16 ng/ml solution was serially diluted, each time with sterile filtered male 
horse serum, to give the 8, 4, 2 and 1 ng /ml standards (S1 , S3 , S2 and S1 respectively). 
The 0 ng /ml standard (S") was sterile filtered male horse serum. 

10 530 mg aliquots of the various standards were dispensed into 3 ml vials, lyophi- 10 
lized and stored at 4°C. The precise progesterone content of each standard was deter-
mined accurately, using as a reference standard a progesterone preparation the proge-
sterone content of which was known. 

4. Test serum 
15 2000 ml of human serum were centrifuged at 12,000 rpm (10—20,000 g) for 20 15 

minutes at 4°C. Any floating lipids were removed and the serum was sterile filtered. 
There was then added sufficient pregnant human serum to give 6 ng of progesterone 
per ml in the test serum. 

5. Charcoal tablets 
20 Approximately 3,000 tablets were prepared as follows: 20 

1500 g of charcoal (Norit OL, " N o r i t " being a Trade Mark) , 520 g of di-sodium 
hydrogen phosphate dihydrate, 770 g of citric acid and 50 g of bovine serum albumin 
(Cohn Fraction V, sigma Chemical Co.) were mixed thoroughly and sieved (500 ».) 
to remove aggregates. 276 g of polyvinylpyrrolidone (K30, BASF) were dissolved in 

25 approximately 400 ml of water. The dry ingredients were mixed for 10 minutes at a 25 
slow speed, then wetted with the PVP in water and mixed to give a wet mass suitable 
for granulation, adding more water if necessary. The mix was then granulated through 
a 1 mm screen and tray dried at 60 °C. The dried granulate was then crushed through 
a 1 mm screen and compressed at 500 mg using a 10 mm flat bevelled edged punch. 

30 The tablets were stored below 8°C in a sealed container. 30 

EXAMPLE 2. 
The radioimmunoassay for progesterone using the kit described in Example 1 is 

carried out as follows: 

Reconstitution of Freeze Dried Reagents 
35 The reagents supplied with the kit are reconstituted with sterile distilled water as 35 

specified below. The volume of water required for each reagent is shown in Table 1. 

TABLE 1. Reconst i tut ion of Kit Reagents 

Volume of Dist i l led 
Reagent Water to be Adc"cd Vial Size 

1251-progesterone 20 ml 25 ml 
(1 vial) 

rabhit anti-progesterone 20 ml 25 ml 
(1 vial) 

Progesterone standards 0.50 ml 3 ml 
(6 vials) 

t e s t serum 0.50 ml 3 ml 
(1 vial) 

charcoal reagent tablet 50 ml 60 ml 
(1 vial) 

I t is recommended that the charcoal reagent tablet is broken up prior to addition 
of the distilled water. This reagent should be maintained at 0—4°C for the duration of 
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the assay. After standing for a short time, gentle swirling and inversion should result 
in a homogeneous suspension. Maintenance of the suspension during dispensing must 
be ensured by continuous mixing. 

The 12T-progcsterone and anti-progesterone serum should be cooled to 0—4°C 
5 before commencement of the assay. 5 

TABLE 2 
Progesterone Radioimmunoassay Procedure 

Total Standards (p.1) Test and Patient's Serum (fxl) 

1 2 3 4 5 6 7 8 9 10 etc. 

Standards 

50 (0 ng/ml) 
51 (1 ng/ml) 
52 (2 ng/m') 
53 (4 ng/ml) 
54 (8 ng ml) 
Ss(16 ng/ml) 

20 
20 

20 
20 

20 
20 

Test Serum 20 

Unknown 1 
Unknown 2 

20 
20 

(i25j) Progesterone 
(at 0 - 4 ° ) 

f ">0(1 irl V (i25j) Progesterone 
(at 0 - 4 ° ) 

Anti progesterone 
serum (at 0 - 4 ° C 

Charcoal suspension 
(at 0—4°C 

Anti progesterone 
serum (at 0 - 4 ° C 

Charcoal suspension 
(at 0—4°C 

.̂UU u. 1 — 

Incubate for 3 hr at 0 - 4°C 

500 fd 

Anti progesterone 
serum (at 0 - 4 ° C 

Charcoal suspension 
(at 0—4°C Vortex, incubate for 10 mins at 0—4°C, 

centrifuge, decant supernate and count 
charcoal pellets 

Assay Procedure 
1 Arrange and label sufficient 3 ml to 5 ml polystyrene test tubes in suitable racks, 

in duplicate, to accommodate totals, 6 standards, 1 test serum and the number of 
10 unknown patients' samples to be assayed. The racks should be arranged on trays 10 

surrounded by ice, or otherwise maintained at 0—4°C. 
2 Agitate each standard vial carefully and dispense 20 ul of the appropriate standard 

into tubes 2—7. Start with the 0 standard ( S ° ) and work up, rinsing the pipette 
tip a few times in each new standard prior to measurement of the 20 tul aliquot. 

15 3 Agitate the test serum and dispense 20 ul into tube 8. Carefully mix each patient's 15 
sample and then dispense 20 ul of the patient's sample into tubes 9, 10 etc. Use 
a new pipette tip for the test serum and each unknown: 

4 Agitate the cold (0—4°C) 125I-progesterone vial and dispense 200 ,«1 into every 
tube. 

20 5 Vortex all tubes. 20 
6 Immediately pipette 200 ul cold (0—4°C) anti-progesterone solution into every 

tube except totals. Vortex all tubes and stopper or cover tubes if desired. 
7 Incubate tubes for 3 hours (2—5 hours) at 0—4°C. An overnight incubation is 

an acceptable alternative leading to marginally reduced sensitivity. 
25 8 Ensure that the cold (0—4°C) charcoal reagent is completely suspended by mix- 25 

ing thoroughly with a magnetic stirring bar for a few minutes before use. Dispense 
500 ul of the cold suspension into every tube (except totals). (A micropipette 
with a tip having an enlarged hole facilitates this operation, as does, a dispenser 
without ball operated valves e.g. Compupet). Maintenance of the charcoal suspen-

30 sion during this operation is essential. 30 
9 Vortex all tubes and alow to stand for 10 minutes (5—15 mins) at 0—4°C. 
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10 Compact the charcoal suspension by centrifugation at 1000 g (750—1500 g) for 
15 mins at 0—25°C. 

11 T h e charcoal adsorbes all the unreacted iodinated and free progesterone, leaving 
the antibody-hapten complex in solution. Decant the supernatants immediately 

5 into a suitable container and place the tubes, while still inverted, on a pad of 5 
absorbent tissue and allow them to drain for about 1 minute. Count the charcoal 
pellet directly in a gamma scintillation counter for 60 seconds. Approximately 
20,000—40,000 cpm should be registered in the total tubes. (The number of 
counts accumulated will depend on the efficiency of the counter and on the age of 

10 the kit) . 1 0 

Calculation of results. 
A typical progesterone standard curve, produced by the kit of Example 1 is shown 

in the accompanying Figure 1, where counts derived, expressed as a percentage of the 
counts obtained for the zero standard, are plotted against log ng progesterone/ml. 

15 Alternatively, the antibodv-bound counts may be plotted against log ng progesterone/ 15 
ml. 

The progesterone content of the test serum and samples under investigation is 
simply read off the curve. 

EXAMPLE 3. 
20 Investigation of Ovulation 20 

The radioimmunoassay of progesterone was carried out as described in Example 2 
on a series of plasma samples obtained from 11 females during a menstrual cycle. In 
addition, the level of luteinising hormone was also determined. 

The results obtained from 10 of the females, connected for the varying cycle 
25 lengths, are given in the accompanying Figure 2. The luteinising hormone peak is 25 

indicated by the vertical band at day 0. The use in progesterone levels after day 0 indi-
cates that ovulation has occurred, and the resulting drop in progesterone levels indicates 
that conception has not occurred. 

The results obtained on radioimmunoassay of the eleventh female's samples were 
30 substantially linear indicating that no ovulation had occurred. 30 

This subject was being treated with Norethisterone (5 mg three times per day) to 
regularise her cycle. 

Our results confirm that the radioimmunoassay of the present invention may be 
used to investigate infertility in so far as it is caused by lack of ovulation. 

35 EXAMPLE 4. 35 
A progesterone radioimmunoassay kit suitable for carrying out a milk assay on 

cows milk was prepared analogously to the kit of Example 1. 

1. Iodinated 12iI-progesterone, containing not more than 5 «Ci 125I on the date of 
manufacture, freeze dried in buffer (1 vial). 

40 Prepared as described in Example 1. 40 
2. Rabbit anti-progesterone serum, freeze dried in buffer (1 vial). 

Prepared as described in Example 1 except that the final dilution was 1:4,000. 
3. Reference standards of progesterone, containing nominally 0, 2, 4, 8, 16, 32 ng 

progesterone/ml, freeze dried in 5% w / v ) Marvel (6 vials). 
45 Prepared analogously to standards of Example 1, except that the progesterone 45 

stock solution was serially diluted instead of the top standard. 
4. Test sample, sterile dispensed long life milk with preservative (1 vial). 
5. Charcoal separating reagent (1 vial). 
6. Graph paper/data sheets. 

50 EXAMPLE 5. 50 
The radioimmunoassay for progesterone in cow's milk using the kit described in 

Example 4 is carried out according to the procedure described in Example 2 except 
that the test sample does not require reconstitution, being liquid already; that all steps 
are carried out at room temperature rather than a 0—4°C; and that incubation with the 

55 anti-progesterone serum is carried out for 2 to 5 hours. 55 
This radioimmunoassay was carried out on daily samples of milk obtained from 

seven cows, 5 of which were served and two of which were not. Four of the cows that 
had been served showed elevated levels of progesterone (more than 6 to 7 ng /ml) in 
their milk 21 to 24 days after they had been put to the bull, indicating that they were 

60 pregnant. The fifth cow had a progesterone content of less than 6 to 7 ng /ml after 21 60 
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to 24 days, indicating that she was not pregnant. She was subsequently put to the bull 
again, and this time the progesterone levels were elevated at 21 to 24 days, indicating 
pregnancy, In all five cows pregnancy was later confirmed, by other methods. 

Of the two cows that were not put to the bull, one showed the pattern of proge-
5 sterone levels of the normal oestrus cycle, whereas the remaining cow had levels of 5 

progesterone that did not rise above 3 ng/ml . This suggested to us that she was 
anoestrus. 

W H A T W E CLAIM IS :— 
1. A radioimmunoassay for progesterone, which comprises contacting, in an acidic 

10 medium a sample of liquid with a predetermined amount of antibodies raised against 10 
a progesterone-protein complex, the protein being attached to the 11-position of pro-
gesterone by means of a bridging group and with a predetermined amount of a proge-
sterone derivative having an iodinatable group attached to its 3-position by means of a 
bridging group, the iodinatable group being iodinated with one or more atom(s) of a 

15 radioisotope of iodine, separating the steroid bound in the resulting antibody-antigen 15 
complex from the free steroid and measuring the radioactivity of the free steroid com-
ponent or of the antibody-antigen complex. 

2. An assay as claimed in claim 1, wherein the liquid is a biological fluid or an 
aqueous extract of biological tissue or organ. 

20 3. An assay as claimed in claim 2, wherein the biological fluid is serum, plasma or 20 
urine. 

4. An assay as claimed in claim 2, wherein the biological fluid is milk. 
5. An assay as claimed in claim 4, wherein the milk is the milk of a commercially 

reared animal. 
25 6. An assay as claimed in claim 5, wherein the commercially reared animal is a 25 

cow. 
7. An assay as claimed in any one of claims 1 to 4, wherein the sample of liquid 

has been obtained from a human being. 
8. An assay as claimed in any one of claims 1 to 7, wherein the protein in the 

30 progesterone-protein complex is attached to the 1 la-position of the progesterone. 30 
9. An assay as claimed in any one of claims 1 to 8, wherein the protein in the 

progesterone-protein complex is ovalbumin, bovine serum albumin, human serum albu-
min, keyhole limpet haemocyanin, bovine gamma globulin or polylysine. 

10. An assay as claimed in any one of claims 1 to 9, wherein the bridging group for 
35 the protein-progesterone complex has the general formula —OR— in which R is 35 

0 
H 

- 0 -

3 O . 
A ( n r r \ It, n being an integer of - t, - - o - ( , t n < 2'n " from 1 to 6 

0 o 
It rs\ II 

- G -L \ - C - or 

0 
n - c 

C = 0 
I 

11. An assay as claimed in claim 10, wherein the bridging group is a hemisuccinate 
group. 

12. An assay as claimed in claim 11, wherein a hemisuccinate group forms a bridge 
40 between progesterone and ovalbumin. 40 

13. An assay as claimed in any one of claims 1 to 9, wherein the bridging group 
between the iodinatable group and progesterone has the general formula 

O 

= N O ( C H 2 > 

in which n is an integer of from 1 to 6. 

JL 
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14. An assay as claimed in claim 13, wherein the bridging group between the 

iodinatable group and progesterone is the (O-carboxymethyl)oxime group. 
15. An assay as claimed in any one of claims 1 to 14, wherein the iodinatable 

group at the 3-position of progesterone is an aromatic group or an aromatic hetero-
5 cyclic group. 5 

16. An assay as claimed in claim 15, wherein the iodinatable group is tyrosine 
methyl ester, a tyramine derivative, or histamine. 

17. An assay as claimed in any one of claims 1 to 16, wherein the radioisotope of 
iodine is "®I. 

10 18. An assay as claimed in claim 17, wherein the iodinated reagent is progesterone 10 
3-carboxymethyloxime-125I-iodohistamine. 

19. An assay as claimed in claim 18, wherein the antiserum is raised against pro-
gesterone lla-hemisuccinate ovalbumin. 

20. An assay as claimed in any one of claims 1 to 19, wherein at least one of the 
15 reagents is in solution or suspension in an acidic buffer. 15 

21. An assay as claimed in claim 20, wherein the buffer has a pH of 3.5=0.5. 
22. An assay as claimed in claim 20 or claim 21, wherein the buffer is a phosphate-

citrate buffer. 
23. An assay as claimed in any one of claims 1 to 22, wherein the free steroid com-

20 ponent is adsorbed on activated charcoal. 20 
24. An assay as claimed in claim 1, carried out substantially as described in 

Example 2 or Example 5 herein. 
25. A kit for carrying out a radioimmunoassay of progesterone, which comprises 
a) a progesterone derivative having an iodinatable group attached to its 3-

25 position by means of a bridging group, the iodinatable group being iodinated 25 
with one or more atom(s) of a radioisotope of iodine, 

b) antibodies raised against a progesterone-protein complex, the protein being 
attached to the 11-position of progesterone by means of a bridging group, and 

c) progesterone standards, 
30 jf desired together with instructions for carrying out the assay. 30 

26. A kit as claimed in claim 25, which also comprises a separating reagent and/or 
a test sample. 

27. A kit as claimed in claim 25 or claim 26, wherein the progesterone labelled 
with a radioisotope of iodine is as defined in any one of claims 13 to 18. 

35 28. A kit as claimed in any one of claims 25 to 27, wherein the antiserum is as 35 
defined in any one of claims 8 to 12 and 19. 

29. A kit as claimed in any one of claims 25 to 28, wherein at least one reagent is 
in an acidic buffer. 

30. A kit as claimed in claim 29, wherein the buffer is as defined in claim 21 or 22. 
40 31. A kit as claimed in any one of claims 25 to 30, wherein the standards contain 40 

up to 16 ng progesterone/ml. 
32. A kit as claimed in claim 25, wherein the standards contain nominally 0 ,1 , 2, 

4, 8 and 16 ng progesterone/ml. 
33. A kit as claimed in claim 25, substantially as described in Example 1 herein. 

45 34. A kit as claimed in any one of claims 25 to 30, wherein the standards contain 45 
up to 32 ng progesterone/ml1. 

35. A kit as claimed in claim 34, wherein the standards contain nominally 0, 2, 4, 
8 ,16 and 32 ng progesterone/ml. 

36. A kit as claimed in claim 25, substantially as described in Example 4 herein. 
50 37. A method of determining ovarian function or pregnancy, wherein an assay as 50 

claimed in any one of claims 1 to 24 is carried out on a sample or a series of samples 
obtained from a female mammal during one or more menstrual or reproductive cycles. 
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