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Abstract 

The direct assay of serum progesterone after denaturation of the binding proteins was investigated. 
50ul of patients' serum was diluted with 750ul phosphate buffer (0.05M, pH 7.4) and heated to 65OC 
for 20 minutes. After cooling, 300ul of the treated serum was reacted with a rabbit antiserum to 
progesterone- l la-hemicuccinyl-bovine serum albumin conjugate (Bioclin, U.K) and 1,2,6,7, tritium 
labelled progesterone. Separation of bound and free fractions was achieved with dextran coated 
charcoal. The method correlated well ( r = 0.98 ) with an established method involving ether 
extraction of progesterone prior to assay. The mean sensitivity was 2.0lnmol/L (range 1.90 - 

2.23nmolL). The proposed method considerably shortens assay time and removes a tedious and 
imprecise stage in the conventional method involving extraction of serum. 
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INTRODUCTION 

Increasing clinical use of progesterone assays 
requires methods that are simple, rapid and 
robust and capable of higher sample throughput. 
Conventional methods involving extraction of 
progesterone from serum with organic solvents 
are technically complex, often imprecise and 
unsuited for heavy work10ad.I.~ Recently, 
methods have been described for the direct as- 
say of progesterone in unextracted serum which 
employ d a n a z ~ l , ' . ~ , ~  c o r t i ~ o l , ~  or 8-anilino- l -  
naphthalene sulphonic acid (ANS) and low pH5 

to displace progesterone from binding proteins 
in serum. These allow progesterone to be as- 
sayed directly by radioimmunoassay. 

In this study, heat treatment was used to 
release progesterone from serum binding proteins 
prior to direct radioimmunoassay of the hormone. 
The method is compared with the conventional 
extraction method. 

MATERIALS AND METHODS 

Steroid assay buffet2 

The buffer used was 0.05M sodium phosphate 
containing 0. lg/L thiomersal and l .Og/L gela- 
tin. The pH was adjusted to 7.2 - 7.4 and diluted 
to 1L with distilled water. 

Tritiated progesterone 

1,2,6,7, tritium labelled progesterone (250pCiI 

250pl toluene) was purchased from Amersham 
International plc, diluted to 25pCi/ml with 9: 1 
to1uene:ethanol and stored in a dark airtight 
container at -20°C. 

Progesterone antiserum 

Rabbit antiserum against progesterone 1 1 ~ -  
hemisuccinyl-bovine serum albumin conjugate, 
Product No. 1008 was purchased from BioClin 
Services, Cardiff, U.K, diluted to 1: 100 in assay 
buffer and stored in aliquots of 125pl at -20°C. 

Progesterone standard 

Progesterone (4 pregnene 3,20 dione anhydrous) 
was purchased from Sigma Chemical Co., St. 
Louis, USA. A stock solution containing 2.5 
nmol/ml was prepared in 99.5% ethanol and 
stored at 4OC. 

Charcoal suspension2 

0.06258 dextran (T-70) was dissolved in lOOml 
assay buffer in a beaker. 0.6258 charcoal was 
then added and stirred vigorously with a mag- 
netic stirrer for 30 min. The charcoal reagent 
was stored at 4°C. This should be stable for up 
to one month. 

Scintillation cocktail 

The cocktail was prepared by dissolving 5g of 
2,5-diphenyloxazole (PPO) in 1 litre of toluene. 
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The solution was mixed gently for 3On1in and 
transferred to a dark botile with an airtight seal. 
This was stored a1 room lemperaturc in thc dark. 

Firly microlitcrs of serum from each of 4 
patients' samplcs, which were selcctcd ran- 
domly, were r q u i l i b r a d  with 10Opl 'IT-pro- 
gesterone (total count (TC) = 10.000 cpm) for 
60 min at room temperature. To the mixture, 
65npl stcruid buffer was added, mixed vigorously 
fur 30scc and heated at 65°C in a waterbath for 
0,3.7, ln .20,30 and 4nmin. The samples were 
thcn cooled for 15min at room temperature. 
200p.l of charcc~al suspension was added tc~ the 
samples, mixed thoroughly fur 3 0 % ~ ~  and incu- 
bated for 30min at 4'C. Separalion oP bound 
from free 'H-progesterone was achieved by 
centrifugation fur 6min at 4'C and 1100xg. 

Thc supernatant containing the bound frac- 
tion was added t r )  Sinl of scintillation cocktail in 
a 20ml glass vial and mixed on the Ahhutt 
clinical rotator at IXOrpnl for 111 at room tern- 
pcralure. Aftcr standing Tor a further I h in the 
dark, the radioactivity was measured in a R- 
counter. The percentage of residual bound pro- 
gesterone (Y) after heat treatment was calculated 
from the ratio of counts at different time points 
to counts at Omin. Therefore, the B of released 
progcstcrone (R) is given by R = ( 100 - Y )%. 

Sample, working rr.acu and anriserum prepu- 
rution 

Fifty microliters of each serum was added to 
7 5 0 ~ 1  steroid buffer, vortex mixed and heated 
for 201nin at 65°C. After cooling, the samples 
wcrc mixed and 300p.l cach of the denatured 
scril were pipettcd into 12 x 75mm polystyrene 
assay tubes. 

Working tracer was prepared by evaporating 
130pl of 'H-progeslerone stock solu~iou to d r y  
ness with a jet oC filtered air and redissolved In 
about 1Sml assay buffer to givc an activity uf 
about 10.000cpm per 10Upl. Workin2 antiserum 
was prepared by d~luting a 125p.l aliquot of 
stock solution to 12.5ml with assay buffer. 

One hundred rnicroliters of stock progesterone 
standnrd was diluted with 10ml assay buffer to 
a concentration of 2500fmo1/100fl (top stan- 
dard). ' h e  top standard was serially diluted with 
assay buffer to give cnncentratio~~s of 2500, 

1250.625,313, 156,7X and 39fmoI/100@. 100pl 
of each standard was added into duplicate assay 
tubes and 100N of assay buffer to 3 tubes for 
zero standard and 4 tubes for evaluating nonspe- 
cific bindlng. 300u of denatured serutn was 
added in duplicate to appropriately labclled as- 
say tuhes. Then, 1UON of working antiserum 
and wolrking tracer were added to all tubes. 

The contents of itll tubes were diluted to 
700v with assrty blrffcr, mixed thorough1 y and 
incubated at room 1ernpei.ature fur 2h. After 
cooling at 4°C Ibr 10 min, 200pl of charcoal 
suspension was added to all tubus, lnixcd again 
and incubated for 30 rnin at 3 ° C .  Bound and 
frcc W-progesterone was  separated by cen- 
trifugation as described before. 

The count rate of standards was plotted as a 
percentage of the zertl standard courlt rate after 
suhunctilig non-spccific counts against con- 
centration of srandards using Lrjgit-log paper. 
Rcsillts were interpolated from the graph and 
corrcctcd by the factor 1/18.X x lOO/R to yield 
valucs i n  nmol/L. 

Three series of samples for rccovcry experi- 
ments were prepared by adding three dirferent 
amoui~ts of progesterone to a male pool serum 
whose progesterone content was determined in 
ihe same assay. Recoveries were estiniated by 
assaying the samples in replicates of six. 

Progeatcrone as measured in direct a s a y  of 
scvcral serum samples was compared with re- 
sl~lts of an assay involving extraction in which 
the same "H-progesterone, antlserurn and char- 
coal suspension uxrc used. 

Fi9. 1 shows the displacement of progesterone 
Sronl serum binding proteins. The maximum 
binding of lahellcd progesterone varied from 
41.2% to 62.1% with a mean of 53.1 %.At 6J"C, 
progesterone was rclcased rapidly from 27.8% 
at 3min to 80.955 at 7min and more gradually 
thereafter. The optimurn rimc of d i ~ p l a c ~ m e n t  
was chosen a s  20min and the average of dis- 
placctnent at this time was 84.070. 

Table l shnwh the recovery of progesrerone 
added 10 serum prior tn direct assay. The mean 
progesterone level in  thc normal male serum 
pool used for spiking usas 5.4nlnol/L. Recovery 
of added hormt~nc rangcd from 85% to 97% and 
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FIG. I : Displacement of propcsterurle from serum hindlng pro1cin5. Thc ~II.I,OW iiidica~'\ 
selecled time for heal Lreiflrnznl. 

Y = 1.0~-1.05 
r = 0.98 
n = 43 

I 

4.4X 7.18 13.76 30.30 4h.94 

Progcstcrone in nmol/L (Extraction) 

FIG. 2: Ciirrclation of results for prilgcstcronc hcrweeti the direct and conven~irinal method. 



TABLE l: Recovery of  added progesterone 
(Mean k S.D., n = 6) 

Dose added Dose recovered % Recovery 
(n molfL) (nmol/L) 

10.2 9.4 ik 0.6 91.3 + 5.5 
41.0 39.7 L 1.7 96.8 k 4.1 
82.1 70.0 ? 5.0 85.3 * 6.2 

i t  was betrer for low and medium dose !him for 
high dose. 

Fig. 2 shows the comparison of results SOT 
progesterone on 43 samples by the direct method 
and an extraction method using least squares 
analysis. There was good correlation betweeti 
the heat treatment and the extraction method. 
The correlation c o t f f i c e ~ ~ t  was 0.98 and t l ~ c  
correlation equation was Y = X- I  .OS. 

The sensitivity of the heat treatmen1 method 
was determined by measuring the dose of t r y -  
licate samples of zero standard at 2SD of the 
mean count rate. Based on 3 assays, the sensi- 
t ivi ty  of the method was found to range fsorn 
1.90 to 2.23 nmoln with a mean of 2.01 nmolfi. 

The percentage displacement of progesterone 
from binding proteins by hear treatment at 6S°C 
for 20 min ranged from 78-87% (mean 84%) for 
a total of 12 different seruni specimens in 3 
assays. As in extraction procedures, it i s  neces- 
sary for users of this method tu demonst~.rtte 
consistency in heat displacement of hound pro- 
gesterone. Tf the differences are small, i.c. lcss 
than 10%, then the average displacement dc- 
termined for 10.20% of samples in evcry assay 
batch may be used to correct for total serum 
progesterone in the calculation. Failing this. it 
would be necessary to determirie percentage 
displacement of the bound hornlone for each 
specimen. 

It would appear that this displacernerit is 
largely of that fraction of the hormone that is 
bound to serum proteins other than col.tisol 
binding globulin (CBG). Dunn et al.' havc re- 
ported that about 17.7% of scrum progcstcrclnc 

ia hound to CBG which has the highest affinity 
Tor progesterone, while 79.3% I S  bound to albu- 
min which has the lowest affinity for progester- 
cmc amongst the serum proteins. 

Thc heat treatment technique gave good ana- 
ly~ical rcuovery of progesterone from serum. 
The mcan recovery was 91%, 97% and 85% 
for low, medium and high doses respectively. 
This cornpares favourably with iccoveries of 
92% I l)O'?'o reported for other direct r n e t h o d ~ . ~ . ~ . ~  
Thc proposcd method has the advantage that it 
does not rcquirc the addition of special chemi- 
culr; for displacement of progesterone. Further, 
i t  considerably shortens assay time and removes 
a tedious and imprecise stage in the conventional 
method involving extraction of serum. As cor- 
relation with d ~ e  reference  neth hod is good (r = 
0.98) the direct method is an attractive alterna- 
tive fur laboratories. 
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