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SUMMARY 

A rapid procedure is described and evaluated for the determination of free aetiocholanolone (SP-andros- 
tan-3a-ol-17-one) in peripheral venous plasma (I.0 ml) of men and women. Tritiated aetiocholanolone 
is added as internal standard; the plasma extracted with diethyl ether and the extract purified on pre- 
coated silica gel plates before radioimmunoassay using an antiserum to aetiocholanolone-3-hemisuc- 
cinate-bovine serum albumin. The range of values (mean f SD.) in plasma from 40 healthy men was 
40.2 f 23.8 ng/lOO ml and the corresponding value for 20 healthy women was 34.5 f 7.23. 

lNTRODUCTlON 

During the past 15 yr there have been reports which suggest 
that aetiocholanolone may be a steroid of especial interest. 
Thus, it was the first of the 5/I-3x-hydroxysteroids to be 
shown to induce pyrexia in human subjects [1,2,3]; evi- 
dence for excessive production was reported in patients with 
Mediterranean and other periodic fevers [4] and urinary 
excretion was studied extensively in attempts to predict the 
clinical response of patients with mammary carcinoma [S]. 
Aetiocholanolone glucuronoside was first determined in 
human peripheral plasma by gradient elution chromat- 
ography on alumina with paper chromatography and spec- 
trophotometry [6]. Subsequently, free aetiocholanolone was 
determined by double isotope derivative formation with gas- 
liquid chromatography as the final step [7] and by a similar 
technique involving t.1.c. [S]. 

The object of the present work was to develop a radioim- 
munological method for the determination of ether-extract- 
able aetiocholanolone in peripheral venous plasma and to 
ensure that there was adequate separation from its C5 ster- 
eosiomer androsterone (5a-androstan-3cc-ol- 1 ‘I-one). As the 
details of the radioimmunological procedures employed in 
this department have been reported elsewhere [9-131, the 
report is limited to a brief description and evaluation of the 
method with preliminary results in healthy subjects. 

MATERIAL 

Solvents and reagents 

Diethyl ether (peroxide free), acetone and benzene, were 
all Analar grade and redistilled before use. Water was glass 
distilled and deionized. The red dye, a diazo compound of 
colour index no. 21260, described as solvent red 18 was 
obtained from Speedry Magic Marker Ltd. The pre-coated 
silica-gel F-254 Merck fast running plates were obtained 
from Anderman and Co. Ltd. 

Standards 

Aetiocholanolone, dehydroepiandrosterone (3P-hydroxy- 
androst-5-ene-17-one), androstenedione (Candrostene- 
3,17-dione), androsterone (5a-androstan-3x-ol-17-one), 1 l- 
ketoandrosterone (5a-androstan-3a-ol-11,17-dione), dihyd- 
roandrosterone (5a-androstan-3a,l7fl-diol), 1 lfl-hydroxyan- 
drosterone (5a-androstan-3a,l lb-dial-17-one), epiandros- 
terone (5a-androstan-3&t-ol-11,17-dione), 1 l/I-hvdroxy- 
aetiocholanolone (5fi-androstan-3a,l l/I-dial-17-onej, aetio- 
cholan-3a-ol-17-one (5fi-androstan-3fl-ol-17-one), were 
obtained from MRC Steroid Reference Collection, West- 
field College, London N.-W.3. Aetiocholanolone hemisuc- 
cinate was obtained from Steraloids Inc., Pawling, New 
York. Testosterone, progesterone, 17-hydroxyprogesterone, 
oestrone, oestradiol, oestriol, and cholesterol were obtained 
from Sigma Chemical Company, St. Louis, MO., U.S.A. 

[ 1,2-3H]-aetiocholanolone (S.A. 40-50 Ci/mmol) was 
obtained from New England Nuclear, 6072 Dreieichenhain 
bei Frankfurt/Main, Siemensstrasse 1, Germany. A working 
solution was prepared containing lOmCi/ml in Benzene. 
100 ml of this solution were removed, dried and re-dissolved 
in 10ml of phosphate buffer. 1004 containing approxi- 
mately 20,000 d.p.m. were used in the assay. 

Preparation ofphosphate buffer (P.B.) and dextran-coated 
charcoal have previously been described [8-lo]. 

Preparation of antigen and antiserum 

50 mg of aetiocholanolone-hemisuccinate was joined to 
BSA using a mixed anhydried reaction according to the 
method of Erlanger et al. [14]. 

For immunization, 1 mg of antigen was dissolved in 
@I ml of sterile isotonic saline and emulsified with an equal 
volume of Freund’s complete adjuvant. This emulsion was 
injected, subcutaneously, intramuscularly and intrader- 
mally, at multiple sites into a rabbit. The above procedure 
was repeated once a week for a further 3 weeks, then once 
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a fortnight for the following month. and suhsequentlk once 
a month. Of the two rabbits so treated. both developed anti- 
sera which was used at a final dilution of I : 2000 (v ‘v). I? 
weeks after the first injection. Neat antiserum was diluted 
to I :S (v,‘vi with P.B. and divided into I ml aliquots. These 
were stored at - I5 C. the final dilution was made prior to 
use. 

,MK1‘HOI) 

Peripheral venous blood was obtained from normal sub- 
jects by means ofa disposable syringe. Plasma was removed 
aftor centrifugation from tubes containing lithium heparin. 
This plasma was subjected to extraction immcdiatcl~. or 
stored at - 15 C for future extraction. 

Assay of aetiocholanolonc was conducted along simihu 
lines as those previously described [9 131. 

Briefly, tritiated ~~ctioc~~ol~~~~olonc (2000 d.p.m.,5 pg) 
was added to I ml of plasma. This was extracted with 
diethyl ether (2 x 6 ml) using a vortex mixer. The extract 
was then transferred to a pointed tube with a pastcur 
pipette. and dried under nitrogen at 30 c‘. The rcsiduc was 
dissolved in four drops of dye in ether. This dye mixture 
was spotted onto a silica gel plate, at intervals of 2 cm. 

The plate was developed in a tank previously saturated 
with ether. After I.5 h the plate was removed. 

Areas between the two dye bands of the plate (Fig. 11 
were &ted with ether into counting vials. The samples 
were dried and redissolved in 14 ml of acetone. An 
aliquot of20”;, was removed (in triplicate) for assay. and the 
remainder subjected to liquid scintillation counting. in 
order to correct for experimental losses. 

Fig. I. The position of the area between the two bands where 
~letiochoianolone is eluted from the plate. 

A Atandard curbc (0~100 pg), and unknotins were prc- 
pared in triplicate. dried and cqudibratcd with antiserum 
(lOOpt) for 30 min at room temperature. After this IO0 ~tl 
ol‘ tritiatcd actiocholanololl~ (20.000 d.p.m,‘50 pg) was 
added to each tube. The tubes were mixed and alloucd to 
cquilihratc overnight at 1 c‘. 

The unbound steroid was removed b> the addition of 
t ml ofde~tran-coated charcoal folIotied hy ccntrifugation. 

Thcantibodq bound to steroid was decanted into a count- 
ing vial containing scintillation tluid which consisted of 
toluene and Triton X-100 in the ratio of 2: i V’Y and 6 g of 
P.P.O.,‘l. of tnluene. 

(‘ALC’I!LATIOR OF REX LTS 

A standard curve (0~200pgj. where the amount of tri- 
t&ted ~~etiocholallolonc bound to antibody is expressed as 

d.p.m., is shown in Fig. 2. The mean number of d.p.m. in the 
samples removed for assay was calculated, and the 
corrcspondingvaluesin pg were read from the standard curve 
and corrected for aliquots taken. experimental losses and 
volume of plasma. The final results were expressed as ng; IO0 
ml of plasma ;I desk-top computer being used to calculate 
the results. 

The specificity of the method depends upon the character- 
istics of the antiserum. Several steroids with similar 
chemical structures have the ability to compete for binding 
sites on the antibody to aetiocholanolone hemisuccinatc. 
Table I showrs the abilityofeachsteroid tested to compete for 

400-J I I I 1 
so 400 150 200 

pg. ETIOCHOL- 

Fig. 2. Standard curve for aetiocholanolonc, using an anti- 
serum to actiocholanolone hemisuccinate-BSA at a final 

dilution of I :2000 (v:v). 
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Table 1. Table 3. Replicate analysis of authentic aetiocholanolone 
added to plasma and deionized distilled water 

Steroids 

Aetiocholanolone 
Testosterone 
Dehydroepiandrosterone 
Androstenedione 
Androsterone 
1 I-Keto androsterone 
Dihy~oan~osterone 
1 l/3-Hydroxyandrosterone 
Epiandrosterone 
1 I -Keto aetiocholanolone 
1 l,!I-Hydroxyaetiocholanolone 
Aetiocholan-3fi-ol-17”one 
Progesterone 
17-~ydroprogesteron~ 
Oestrone 
Oestradiol 
Oestriol 
Cholesterol 

% Cross reaction 
relative to 

aetiocholanolone 

100.0 
<O.l 
<O,l 
<O,l 
396 

co.1 
<@l 
<O.l 

3.6 
3.0 

<O,l 
<O,l 
<O,l 
<O.l 
<O.i 
<O.l 
<O,i 
<@I 

No. of Amount 
Amount determina- cafcuhrted 
added lions n&1100 ml 

0.0 pg/l.O ml 5 18.97 
100 pg/l.O ml 5 30.00 
200 pg/ 1 .O ml 5 40.17 
500 pg/l.O ml 5 6960 
l~pg/l.Omi* 20 106+0 

* Added to deionized distilled water. 

Sensitivity 

The lower limit of aetiocholanolone which can be accu- 
rately determined, depends on; the volume of plasma 
extracted, the aliquot removed for assay, the value obtained 
from the method of blank and the experimental error. 
From the data obtained, and in view of the above facts, the 
lower limit of detection was estimated to be 3 ng/lOO ml. The 
values of blanks fall well below this figure. 

binding sites on the antibody. This was investigated by 
testing each steroid for its ability to displace tritiated aetio- 
cholanolone from the antiserum. A figure for expressing the 
degree of cross-reactivity was derived by expressing the 
mass of unlabelled aetiocholanolone required to displace 
50% of the label from the antiserum as a percentage of the 
corresponding massof competing steroid. Androsterone had 
the ability to compete for binding sites as much as 39%. 
This necessitated the inclusion of the chromatographic step. 

Table 4. Replicate analysis of plasma aetiocholanolone 
in male and female pfasma pools 

Coefficient 
No. of ng/lOO ml of variation 

determinations Mean + S.D. (?I) 

Male plasma 20 74.5 + 9.9 13.4 
Female plasma 20 54.8 & 7.10 12.9 

Method of blank Results 

Deionized distilled water (L ml) was extracted with ether, 
dried under nitrogen and, after addition of dye was spotted 
on the plate directly without addition of steroid. The area 
between the two dye bands was eluted. The results obtained 
are shown in Table 2. 

The mean and range of values for plasma aetiocholanolone 
for both men and women and the percentage recoveries are 
given in Table 5. 

Table 5. Plasma aetiocholanolone levels in healthy males 
and females 

Table 2. Method blanks 

No. of Mean + SD. 
determinations ng/lOO ml 

20 239 + 1.63 

Range 

0~00-4~00 

No. of 
determin- r&l00 ml Recoveries 

ations Mean i S.D. Range (%) 

Male 
plasma 40 40.2 + 23.8 29-77 70 
Female 
plasma 20 34.5 f 7.23 27-45 75 

Accurncy 

The accuracy of the method was established by carrying 
out replicate analysis on 1 ml of distilled deionized water, 
or plasma to which known amounts of authentic steroid had 
been added. 

Precision 

The precision of the method was assessed by carrying out 
replicate determinations on both male and female plasma 
pools. The results are reported in Table 4. 

In a similar technique for the radioimmunoassay of 
plasma androsterone [ 131 an antiserum to androsterone-17- 
carboxymethyl oxime was used and the percentage cross- 
reaction of aetiocholanolone and numerous C,q steroids 
was less than lOoA. In the present technique the antiserum 
was less specific and the percentage cross-reaction with 

Coefficient 
of 

variation (‘>;,) 

10.7 
11.2 
11.5 
9.9 
9.4 

DISCUSSION 
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androsterone was of the order of 40’2,. For this reason pre- 3. 
liminary purification of theextract is essential. Initially. sep- 
aration of the two C” stereoisomers was attempted on -t. 
micro-columns of Sephadex LHZO but this was not succcss- 
ful whereas adequate separation was obtained using the 5. 
pre-coatedsilica gel plates. It should be noted that the incor- 
poration of this chromatographic step did not significantly 6. 
raise the blank value which was. rn fact. lower than that 
obtained in the technique for plasma androsterone where 7. 
preliminary purification was not employed. With regard to 
the specificity of the method. it should be noted that values S. 
obtained in healthy hLirnan subjects arc ~onsider~~hly lower 
than those ohtained by previous methods, with the zxcep- 9. 
tion of the time-consuming but specific double isotope deri- 
vative technique [Xl. IO. 

I I. 

I. 

2. 

E -. 
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