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The importance of pregnenolone sulfate (PregS) in human physiology has increased in the
last decade in connection with its neuroactivating effect via positive modification of
N-methyl-D-aspartate receptors and negative modulation of GABA receptors. Therefore, a
novel rapid radioimmunoassay was developed and evaluated for measurement of PregS in
body fluids. Given the differences in concentrations of cross-reacting substances in various
biological materials, several modifications of the method were elaborated and used. Circu-
lating levels of PregS were measured in serum of normal subjects. In both sexes, the age
dependences exhibited maximum values before 30th year of age. For the first time, circulat-
ing levels of the hormone were measured in patients with a mixed anxio-depressive disor-
der, where they significantly exceeded those in controls. Further, the levels of PregS were
evaluated in time profiles of women around parturition and compared with those in umbili-
cal blood at delivery. A significantly decreasing time profile of PregS was found in maternal
blood. No correlation between maternal and umbilical blood was found indicating its autono-
mous production in mother and in fetus. In addition, concentrations of PregS were mea-
sured in breast cystic fluid where they exceeded those in circulation more than by two or-
ders of magnitude.
Keywords: Pregnenolone sulfate; RIA; Neurosteroids; Steroids; Serum; Parturition; Breast cyst
fluid; Analytical methods.

Biological effects of neuroactive steroids became the subject of increased in-
terest of endocrinologists in the past decade. Steroid sulfates represent a
considerable portion of total steroids in the human organism. In addition
to an important role that they play in steroid metabolism as precursors or
metabolites of nonconjugated steroids, they act primarily as neuro-
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modulators1–5. Thanks to good solubility both in polar and in nonpolar sol-
vents caused by their dipolar character, the sulfates are present in body
fluids in concentrations frequently exceeding their nonconjugated ana-
logues by several orders of magnitude6–10. Steroid sulfates are the most
abundant steroids in human blood. Pregnenolone sulfate (PregS) is a highly
efficient positive modulator of membrane neuronal N-methyl-D-aspartate
(NMDA) receptors influencing permeability of calcium channels. The ste-
roid conjugate acts on extracellular binding sites where it supports an
influx of calcium ions into neurons11–17 and, consequently, in a dose-
dependent manner, its rapid activation. Inorganic sulfates do not possess
such property15. The influence of unconjugated pregnenolone is more than
by an order of magnitude lower in comparison with PregS (ref.18). Besides in
the central nervous system (CNS), NMDA receptors are present also in pe-
riphery19–22. In contrast to some reduced metabolites of progesterone, the
sulfates of pregnenolone and dehydroepiandrosterone also negatively modu-
late membrane receptors of 4-aminobutanoic acid (GABA), which are respon-
sible for attenuation of neuronal activity1,23–25.

The neuroactive effect of PregS was studied in detail on animals. In
humans, the extensive diagnostics of PregS still remains to be utilized. The
aim of the work was to develop a rapid, simple, sensitive and, at the same
time, sufficiently specific method for evaluation of steroid conjugates in se-
rum and optionally in other body fluids. This could enable evaluation of its
diagnostic informative value in connection with disturbances afflicting
both the central and potentially also peripheral nervous system, which
could be also connected with various types of autoimmune diseases. Our as-
piration was to develop an optimum method for determination of PregS in
serum and optionally in other body fluids as regards not only an analytical
precision and accuracy but also work expenditure with intention of routine
laboratory use. Determination of PregS could be of interest from the several
viewpoints. The evaluation of the steroid conjugate in patients suffering
from various diseases of CNS could result in finding a connection between
the etiology of the disease and the levels of PregS in body fluids or connec-
tions with some endocrinopathies such as adrenal hypo- or hyperactivity or
with various enzyme systems. As indicated by the results obtained from pa-
tients suffering from anxio-depressive syndrome, the enhancement PregS
levels could be in relation with the patient psychic condition8.

Another consequence of positive modulation of the calcium ion influx
into neurons12–15,26–28 is the activation of phospholipases29–32 associated
with degradation of cell membranes, which results in release of free
arachidonic acid, the well-known precursor of prostanoids, as well as toxic
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intermediates and free radicals. Such substances are involved in the mecha-
nism of inflammation. Therefore, the determination of PregS could be of
interest even in connection with autoimmune diseases such as the systemic
lupus erythematosus, rheumatoid arthritis, etc. In such diseases, decreased
levels of steroid sulfates in body fluids were found10,33,34.

Finally, PregS position in the steroid metabolic pathway together with its
unconjugated analogue close to common precursors of all steroids, choles-
terol and its sulfate (Fig. 1), is an important component of steroidogenesis
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FIG. 1
Simplified scheme of steroidogenesis



and its determination is useful for diagnostics of some endocrine distur-
bances. Some authors recommend the determination of PregS in functional
tests of children considering the fact that, in contrast to DHEAS, PregS well
responds to ACTH stimulation35.

The most common method for determination of PregS is radioimmuno-
assay (RIA) with antiserum raised against pregnenolone hapten linked to a
high molecular-weight carrier in position 3 of the steroid. Antisera prepared
using such approach are nonspecific to steroid ring A, which enables the
use of an antiserum against pregnenolone hapten in determination of
pregnenolone derivatives modified in ring A such as PregS (ref.6). The con-
tribution of unconjugated serum pregnenolone could be mostly neglected6

by virtue of its serum levels being by at least one order of magnitude lower.
However, a certain difficulty could be cross-reactivity with free progester-
one. Nevertheless, the extraction of unconjugated steroids by an appropri-
ate nonpolar solvent avoids this problem. Older methods involved
solvolysis of PregS followed by the determination of released unconjugated
pregnenolone36. Besides the mentioned approaches, chromatographic sepa-
ration of the analyte could be used36. Then a high selectivity could be ex-
pected, however, on the expense of labor consumption. Besides RIA, other
immunoanalytical methods are available, however, the distance between
epitopes characteristic of both ring D and ring A (sulfate) is a difficulty in
preparation of an antiserum specific for both steroid rings. The use of
immunogens linked to a high molecular carrier in positions 6, 7, 8, 11, 12
or 14 could be considered. In such cases, the distance to both epitopes is
comparable and the chance of reaching sufficient selectivity is higher.

Considering the experience obtained in the course of anti-pregnenolone
and anti-17-hydroxypregnenolone antisera development37,38, the low speci-
ficity of the antisera raised against immunogens with haptens linked in po-
sition 19 to ring A may be employed (Fig. 2). Thus an antiserum that was
recently raised against pregnenolone-O-(carboxymethyloxime) conjugated
with bovine serum albumin could be further utilized for the determination
of PregS. Regarding pregnenolone sulfate/pregnenolone ratio in human se-
rum, it could be expected that for the screening of PregS even the non-
extraction variant of the method could be feasible. In pregnant women as
well as in fetal sera, we presumed the elimination of cross-reacting
unconjugated steroids by extraction with a nonpolar solvent followed by
determination of PregS in the polar residue after extraction.
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EXPERIMENTAL

Materials

Steroids and Chemicals

Non-radioactive steroids and methyl tyrosinate (TME) were purchased from Sigma (St. Louis,
U.S.A.). Synthesis of carboxy derivative for immunogen 3β-hydroxypregn-5-en-20-one-
19-O-(carboxymethyl)oxime (Preg-19-CMO) was described elsewhere39. Complete Freund’s
adjuvant was from Difco (Detroit, U.S.A.), Norit A from Serva (Heidelberg, Germany) and
dextran T-70 from Pharmacia (Uppsala, Sweden). The other chemicals of analytical grade
were from Lachema (Brno, Czech Republic). Methanol, acetonitrile and water for HPLC
Lichrosolv® were from Merck (Darmstadt, Germany). [7-3H]Pregnenolone (specific activity
832.5 Gbq/mmol) was from NEN Product (Boston, U.S.A.). Scintillation cocktail Optiphase
“HiSafe 2” used in measurement of β-activity in analyses with tritiated tracers was obtained
from Fischer Chemicals (Loughborough, U.K.).

Iodinated tracer. Iodinated tracer was prepared by iodination of pregnenolone-
19-O-(carboxymethyl)oxime-methyl tyrosinate ester (Preg-19-CMO-TME) using the method
described elsewhere40.

Antiserum. Preg-19-CMO was conjugated with BSA using the method of mixed anhy-
dride41. The immunogen obtained was emulsified in the mixture of Freund’s complete
adjuvant/saline (1 : 1, v/v) and further used for immunization of rabbits. Initial molar ratio
steroid/BSA was 50, and the final ratio hapten/BSA of the immunogen was 22 as measured
by titration of free aminogroups by 2,4,6-trinitrobenzene-1-sulfonic acid42.
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Specificity patterns in antiserum against pregnenolone-(O-carboxymethyl)oxime-BSA



Steroid Free Serum

A mixed pool of male and female serum was treated by repeated adsorption on adsorbent
carbon (50 mg of Norit A per 1 ml of serum). The mixture was centrifuged (8 000g, 30 min)
and filtered using a Milipore filter (0.45 µm).

Samples

To obtain pooled sera with different levels of the analyte, human sera of different concen-
tration of the analyte were mixed. In addition, the reliability performance of the method
was checked even in individual sera from healthy persons (77 women and 96 men). The
samples were obtained in the framework of studies on iodine deficiency in various regions
of the Czech Republic. Further, female sera collected at different stages around parturition
were used for measurement as the corresponding umbilical sera of newborns at labor. In all
cases, a written informed permission was obtained from the subjects.

Devices

HPLC system. HPLC system was from Gilson (Villiers Le Bel, France). It contained a master
pump 305 with manometric module 805, slave pump 306, dynamic mixer 811 C,
autoinjector 234 and fraction collector FC 203 B. UV detector LCD 2082 and column oven
LCO 100 was from ECOM (Prague, Czech Republic). Reverse-phase column ET 250/4
Nucleosil® 100-5 C18 was purchased from Macherey–Nägel (Düren, Germany). The data ob-
tained were treated using a software CSW Apex from DataApex (Prague, Czech Republic).

Scintillation spectrophotometer. The scintillation spectrophotometer used for measurement
of β-activity, LS 65000, was purchased from Beckman Instruments, Inc. (Fulerton, U.S.A.).

γ-Counter. γ-Activity was measured using a twelve-channel γ-counter from Berthold
(Wildbad, Germany).

Methods

RIA with [3H]Tracer

Non-extraction method. Phosphate buffer (90 µl, pH ≈ 7.1) was added to 10 µl of serum,
100 µl of antiserum (diluted 1 : 2 500) and 100 µl of tracer (7-[3H]pregnenolone) with β-ac-
tivity 5 000 cpm/tube). The mixture was incubated at 37 °C for 45 min and further at 5 °C
for 60 min. Free analyte and tracer was adsorbed on dextran-coated adsorbent carbon (500 µl
of suspension containing 0.025 g dextran T-70 and 0.25 g Norit A per 100 ml of neutral
phosphate buffer). After mixing and incubation at 5 °C for 15 min, the mixture was centri-
fuged (8 000g, 10 min). Scintillation cocktail (4 ml) was added to the supernatant and the
β-activity of the mixture was measured.

Extraction method. Phosphate buffer (90 µl, pH ≈ 7.1) was added to 10 µl of serum, 1 ml of
nonpolar solvent (modification with ether or with hexane) was added and agitated for
1 min. The nonpolar layer containing cross-reacting progesterone and unconjugated
pregnenolone was removed and the polar layer was lyophilized in vacuum centrifuge. The
dry residue was reconstituted with 100 µl of the buffer and underwent the process described
above. The modification with hexane allowed direct processing without drying.

Collect. Czech. Chem. Commun. (Vol. 67) (2002)

Pregnenolone Sulfate 145



RIA with [125I]Tracer

In this case, only a non-extraction modification of the method was tested and the re-
maining steps were the same as in the method using tritiated tracer except the measurement
of γ- instead of β-activity.

Calibration Curve

Calibration curve was constructed from 8 standard solutions of PregS in concentrations cor-
responding to 3.87, 1.93, 0.97, 0.48, 0.24, 0.12, 0.06 and 0.03 nmol/l of serum PregS.

Data Analysis

Calculations

For the calculation of analyte concentrations, personal software was used. The calibration
curve was evaluated using of the linearized regression between the activity of supernatant
and concentration of the analyte using log–logit transformation.

Statistical Analysis of the Results

Age dependences were evaluated using polynomial regression as follows: The optimum de-
gree of polynomial was determined using the minimum of mean error prediction. Then the
high leverage points and outliers were detected using diagnostic plots such as Williams plot,
normal probability plot, histogram, box plot and symmetry plot of studentized residues.
Power transformation was applied to avoid skewed residual distribution and hetero-
scedasticity. Optimum transformation was determined by the minimum value of skewness
of studentized residues with absolute value less than 2. The limit was used to avoid trouble-
some effect of outliers. The significance of the regression model was evaluated using the
F-test. The variance inflation factor was used to check that the effect of multicollinearity
was within the tolerance limit.

Besides regression, the age relationships and sex differences in PregS were evaluated using
the two-way analysis of variance with sex as the first and the subject as the second factor.
As previously, analysis of variance was followed by the least significant difference (LSD) test
for evaluation of differences between individual groups. For the same reasons as in regres-
sion, transformation and residual analysis with the use of diagnostic plots was carried out
except the analysis of influential points. Instead of even more appropriate studentized resi-
dues, normalized residues were used regarding the scope of the statistical software used.

For evaluation of time profiles of PregS in maternal serum around parturition, two-way
analysis of variance with the stage of parturition as the first and the type of analgesia as the
second factor followed by LSD test for evaluation of differences between individual groups
were used. For comparison of differences between the levels of PregS in umbilical and mater-
nal serum at labor, the non-parametric Mann Whitney test was used considering the asym-
metric and, at the same time, flat data distribution which could not be improved by
transformation.
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RESULTS

ANALYTICAL CRITERIA

Selectivity

Cross-Reactions

Cross-reactions in anti-pregnenolone-O-(carboxymethyl)oxime-bovine se-
rum albumin antiserum were measured for steroids with similar structures
as PregS (Table I). Specifically, the cross-reactions were measured for
17-hydroxypregnenolone, pregnenolone sulfate, pregnenolone glucuro-
nide, progesterone, 17-hydroxyprogesterone, dehydroepiandrosterone,
dehydroepiandrosterone sulfate, allopregnanolone (3α-hydroxy-5α-pregnan-
20-one), allopregnanolone sulfate, pregnanolone (3β-hydroxy-5α-pregnan-
20-one), isopregnanolone (3α-hydroxy-5β-pregnan-20-one) and epipregnan-
olone (3β-hydroxy-5β-pregnan-20-one).

The antiserum was non-specific in steroid ring A. Cross-reactivity of PregS
was 42.1% when compared with pregnenolone. Regarding about 50 times
higher levels of the conjugate in comparison with unconjugated steroid, a
non-extraction variant of the method for screening could be developed
when accepting limited demands on analytical quality of results in human
serum samples with the exception of pregnancy where high concentrations
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TABLE I
Cross-reactions of different steroids in anti-pregnenolone-O-(carboxymethyl)oxime-BSA
antiserum

Steroid
Cross-reaction

%
Steroid

Cross-reaction
%

Pregnenolone 100 DHEA 0.016

Pregnenolone sulfate 42.05 DHEAS <0.001

Pregnenolone glucuronide 2.04 Allopregnanolone 0.63

Progesterone 5.98 Allopregnanolone sulfate 0.31

17-Hydroxypregnenolone 0.69 3β-Hydroxy-5α-pregnan-20-one 5.18

17-Hydroxyprogesterone <0.001 3α-Hydroxy-5β-pregnan-20-one 0.11

Androstenedione <0.001 Epipregnanolone 0.53



of progesterone could considerably influence the results. For this reason, it
is necessary to involve an extraction step for elimination of unconjugated
cross-reacting steroids.

Examination of Selectivity by the Immunochromatogram Method

For examination of the presence and influence of all cross-reacting sub-
stances in the matrix, the method of immunochromatogram was used. The
fundamental of the method is a chromatographic non-destructive fraction-
ation and measurement of immunoreactivity in individual fractions. The
record thus obtained is confronted with the chromatogram of known stan-
dards made under identical separation conditions. A comparison of both re-
cords results with high probability the identification of cross-reacting
substances. Using this technique, it was proved that besides PregS and preg-
nenolone, the method could be sensitive even to progesterone particularly
in samples of maternal and fetal serum around parturition (Fig. 3). Chro-
matographic conditions of sample fractionation are shown in the Table II.
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FIG. 3
Comparison of chromatogram of concentrated standards (a) with immunochromatogram (b)
of pooled female serum with higher concentration of analyte (full line) and pooled sample of
umbilical serum of newborns at labor (dashed line)
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Choice of the Solvent for Elimination of Uunconjugated Steroids

Four extraction solvents were tested for separation of steroids from biologi-
cal matrix – ethyl acetate, diethyl ether, hexane and dichloromethane. The
test involved extraction of 20 µg pregnenolone sulfate, progesterone or
pregnenolone dissolved in 200 µl of neutral phosphate buffer with 1 ml of
organic solvent, drying of the extract aliquot (800 µl), its dissolution in 100 µl
of methanol and analysis of steroids followed by HPLC. The extraction effi-
ciencies are demonstrated in Table III. It is obvious that the diethyl ether is
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TABLE II
Chromatographic conditions for evaluation of the influence of cross-reacting substances in
human serum

Column ET 100-5 C18 from Macherey–Nägel

Gradient Eluent A: 15% acetonitrile in water

Eluent B: methanol

Time, min 0 3 6 20 23 30

Eluent B, % 0 0 40 80 100 0

Flow rate of mobile
phase

1 ml/min

Detection of standards UV 205 nm

Temperature of column 40 °C

Column pressure 22 MPa

TABLE III
Extraction efficiency (in %) for pregnenolone sulfate, progesterone and pregnenolone of
various extraction solvents

Solvent

Steroida

pregnenolone sulfate progesterone pregnenolone

Diethyl ether <0.1 79.0 ± 3.1 87.7 ± 3.3

Hexane <0.1 70.1 ± 6.2 71.3 ± 9.5

Dichloromethane 6.3 ± 0.9 72.1 ± 5.7 83.4 ± 5.8

Ethyl acetate 71.6 ± 5.4 92.4 ± 3.1 99.7 ± 3.7

a Steroids were partitioned between 200 µl of neutral phosphate buffer and 1 000 µl of
extraction solvent.



the most suitable solvent due to better extraction efficiency than in hexane
at no losses in the organic phase as in ethyl acetate or dichloromethane.

Non-Extraction RIA with [3H]Tracer

Sensitivity of non-extraction RIA with [3H]tracer was determined at 95%
probability level from the variance of activity of 8 blanks (Table IV). Intra-
assay was evaluated using 8 parallel measurements in one batch while inter-
assay was determined from 7 measurements in different batches (Table V).
Four pooled serum samples with increasing concentration of the analyte
were used. The dilution test was carried out using the medium pool diluted
1 : 1, 1 : 2, 1 : 4, 1 : 8, 1 : 16, 1 : 32 and 1 : 64. The 100 µl initial volume of
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TABLE IV
Sensitivity of two variants of the method for determination of PregS

Tracer Antiserum dilution

Sensitivity

nmol/l pg/tube

[3H] 1 : 2 500 7.8 32

[125I] 1 : 80 000 6.4 26

TABLE V
Reproducibility of non-extraction method with [3H]tracer

Sample
Intra-assay

n = 8
Inter-assay

n = 7

Low pool
mean, nmol/l 141 155

CV, %a 4.5 12.2

Medium pool
mean, nmol/l 221 228

CV, %a 3.9 11.1

High pool
mean, nmol/l 383 410

CV, %a 3.7 9.85

Extreme pool
mean, nmol/l 575 534

CV, %a 5.1 13.9

a CV is the coefficient of variance.



the medium pool was adjusted to 200 µl with neutral phosphate buffer (pH
≈ 7.1) and further serially diluted (Table VI). The recovery was determined
in the low pool after spiking with analyte (4 ng/tube). The results are
shown in Table VII.

Non-Extraction RIA with Iodinated Tracer

Intra- and inter-assay coefficients of variance are shown in Table VIII.
Dilution test was carried out using the medium pool diluted 1 : 1, 1 : 2, 1 : 4,
1 : 8, 1 : 16 and 1 : 32. The 50 µl initial volume of the medium pool was ad-
justed to 200 µl with neutral phosphate buffer (pH ≈ 7.1) and further seri-
ally diluted (Table IX). The recovery was determined in the low pool after
spiking with PregS (80 ng/tube). The results are shown in Table X.
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TABLE VI
Dilution test (non-extraction RIA with [3H]tracer)

Dilution

Concentration
Relative to initial

dilution

nmol/l pg/tube %

1 : 1 210 4 342 100

1 : 2 122 2 522 117

1 : 4 47 972 89

1 : 8 30 620 105

1 : 16 15 310 111

1 : 32 5 103 81

1 : 64 3 62 80

TABLE VII
Recovery test (non-extraction RIA with [3H]tracer)

Parameter Without spiking Addition Spiked sample Yield

nmol/l 164 967 1 410

pg/tube 678 4 000 5 830 5 152

Recovery, % 125a

a Recovery (%) =
found in the spiked sample

found in the sample without spiking + spiking
100 .
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TABLE VIII
Reproducibility of non-extraction method with [125I]tracer

Sample
Intra-assay

n = 8
Inter-assay

n = 7

Low pool
mean, nmol/l 197 180

CV, %a 4.6 14.6

Medium pool
mean, nmol/l 231 233

CV, %a 8 19.6

High pool
mean, nmol/l 497 410

CV, %a 7.1 14.7

a CV is the coefficient of variance.

TABLE IX
Dilution test (non-extraction RIA with [125I]tracer)

Dilution

Concentration
Relative to initial

dilution

nmol/l pg/tube %

1 : 1 104 1 075 100

1 : 2 51 527 98

1 : 4 25 258 96

1 : 8 11 114 84

1 : 16 4 41 61

TABLE X
Recovery test (non-extraction RIA with [125I]tracer)

Parameter Without spiking Addition Spiked sample Yield

nmol/l 231 19 350 19 655

pg/tube 955 80 000 81 273 80 318

Recovery, % 100a

a Recovery (%) =
found in the spiked sample

found in the sample without spiking + spiking
100 .



Extraction RIA with [3H]Tracer

Reproducibility

Intra- and inter-assay coefficients of variance determined using the low
pool are shown in Table XI.

Dilution Test

Dilution test was carried out using the low pool diluted 1 : 1, 1 : 2, 1 : 4, 1 : 8
and 1 : 16 with steroid-free plasma (Table XII). The 100 µl initial volume of
medium pool was adjusted to 200 µl with steroid-free plasma (pH ≈ 7.1) and
further serially diluted. The samples were further processed using RIA fol-
lowing extraction elimination of free steroids with diethyl ether or with
hexane.

Recovery

The recovery was determined in the low pool after spiking with PregS
(4 ng/tube). The results are shown in Table XIII.
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TABLE XI
Reproducibility of extraction method with [3H]tracer

Sample
Intra-assay

n = 8
Inter-assay

n = 7

Low pool
mean, nmol/l 141 155

CV, %a 4.5 12.2

Medium pool
mean, nmol/l 221 228

CV, %a 3.9 11.1

High pool
mean, nmol/l 383 410

CV, %a 3.7 9.85

Extreme pool
mean, nmol/l 575 534

CV, %a 5.1 13.9

a CV is the coefficient of variance.
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TABLE XII
Dilution test (RIA with [3H]tracer for extraction elimination of cross-reactants)

Extraction
solvent

Dilution

Concentration
Relative to initial

dilution

nmol/l pg/tube %

Diethyl ether 1 : 1 104 1 075 100

1 : 2 51 527 98

1 : 4 25 258 96

1 : 8 10 114 85

1 : 16 4 41 62

Hexane 1 : 1 78 806 100

1 : 2 49 507 126

1 : 4 21 217 105

1 : 8 8 83 86

1 : 16 3 31 71

TABLE XIII
Recovery (extraction RIA with [3H]tracer)

Extraction
solvent

Parameter
Without
spiking

Addition
Spiked
sample

Yield

Diethyl
ether

nmol/l 185 967 1 264

pg/tube 765 4 000 5 227 4 462

Recovery, % 110a

nmol/l 132 967 1 287

Hexane pg/tube 546 4 000 5 321 4 775

Recovery, % 117a

a Recovery (%) =
found in the spiked sample

found in the sample without spiking + spiking
100 .



APPLICATION OF THE METHOD

Age Relations and Sex Differences in Circulating Pregnenolone Sulfate

Modification of the method involving non-extraction radioimmunoassay
with [3H]tracer was used for evaluation of age relations and sex differences
in humans.

The significant age dependence of PregS was found with a steep rise in
puberty and adolescence, maximum values before 30th year of age and
gradual decrease in adulthood and senescence (Fig. 4). In men, the effect
was less pronounced.
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FIG. 4
Age dependence of PregS in men and in women. Full lines represent re-transformed mean pre-
dictions of polynomial regression of the third degree calculated from the data with the de-
pendent variable transformed by power transformation to minimum skewness of studentized
residues. Dashed lines depict re-retransformed 95% confidence interval of the fit. Circles repre-
sent the experimental points
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Besides regression analysis, the data were subdivided into 8 age groups
and two-way analysis of variance was applied with sex and age groups as
the first and the second factor, respectively. The analysis of variance was
followed by multiple comparisons using the least significant difference
(LSD) test (Fig. 5). In the sex factor, no significant difference was found (p <
0.053). Highly significant differences were found (p < 0.0001) between age
groups. Specifically, the difference between the 21–30 (maximum) and
16–20 years of age groups was significant as well as between the maximum
and 41–50 years of age.

Time Profiles of Pregnenolone Sulfate in Maternal Serum in Epidural
and Subarachnoidal Analgesia Around Rarturition

PregS was followed in sera of 21 women in epidural (n = 6) and in sub-
arachnoidal (n = 15) analgesia around parturition (Fig. 6) and in maternal
and umbilical serum at delivery (Fig. 7). Due to high concentration of
cross-reacting substances in both body fluids, particularly progesterone and
free pregnenolone, the variant of the method was chosen with extraction
elimination of free steroids with diethyl ether followed by radio-
immunoassay of PregS in polar residue after extraction. The residue was
first lyophilized and then reconstituted to original value with neutral phos-
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FIG. 5
Levels of PregS in age groups. Small full and open circles represent individual levels in men
and in women, respectively. The circles with error bars depict mean values in individual age
groups with their 95% confidence intervals while squares represent mean values in groups in-
volving both sexes
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FIG. 6
Time profile of PregS in women in epidural
and subarachnoidal analgesia. Open circles
represent the levels of the steroid in 21
women with epidural (n = 6) and sub-
arachnoidal analgesia (n = 15). Squares with
error bars depict means with their 95% con-
fidence intervals at individual stages of
parturition. The clamp denotes the homo-
geneous groups. The data (n = 21) were ana-
lysed by the ratio (F) explained by Anova
model and the random variance, and by the
level of statistical significance (p) either for
the factor stage (F = 138, p < 0.0001) or the
factor subject (F = 8.3, p < 0.0001)

FIG. 7
Differences between maternal and umbilical
serum in the levels of PregS. The open circles
represent the levels of PregS in maternal and
umbilical serum at delivery. The open
squares and the short bold lines represent
medians and quartiles, respectively. The
dashed lines express the paired values in ma-
ternal and umbilical serum. The data (n = 19)
were analysed by Student’s paired t-test (p <
0.0001) and Wilcoxon’s paired test (p <
0.001)
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phate buffer. The tritiated pregnenolone was used as a tracer. The
experiment samples were collected at the following stages: (i) cervical dila-
tation 3 cm, (ii) cervical dilatation 11 cm, (iii) 1 h after labor, (iv) 1 day after
labor and 5 days after labor. The concentrations of PregS were determined in
corresponding umbilical sera immediately after delivery. No correlation was
found between PregS in maternal and umbilical serum.

Pronounced differences were found between the stages of parturition (p <
0.0001, Anova). After a moderate decrease up to the third stage (1 h after
delivery), a pronounced fall followed within the first day after delivery. No
significant change was observed in the following period between the first
and fifth days. As expected, higher levels of PregS at delivery were found in
fetuses (Fig. 7).

DISCUSSION

Determination of PregS is a helpful tool in the diagnostics of classical endo-
crinopathies35 such as various forms of congenital adrenal hyperplasia,
hypercortisolemia or disturbances of sulfatase activity43–45, which could
also influence the initiation of parturition43–45, and possibly even in
diagnostics of neuronal disturbances such as premenstrual syndrome, cata-
menial epilepsy, depression, Alzheimer disease or parkinsonism. The
method may be beneficial also in the diagnostics of some autoimmune dis-
eases such as the systemic lupus erythematosus, rheumatoid arthritis or
some thyreopathies10,33,46,47.

For the purposes mentioned above, various modifications of PregS deter-
mination were developed at different concentrations of cross-reactants in
body fluids under different physiological conditions regarding time and la-
bor expenditure.

Considering cross-reactivities of the antiserum, concentrations of cross-
reactants in body fluids and immunochromatograms, it is obvious that out
of the endogenous substances, only pregnenolone sulfate, unconjugated
pregnenolone and progesterone could influence the results. Fortunately,
pregnenolone and progesterone can be easily eliminated by extraction with
an appropriate nonpolar solvent and the remaining PregS can be deter-
mined in the polar residue after extraction. Further improvement of the
method with regard to selectivity could be primary extraction of both free
steroids and most of the PregS from polar matrix with ethyl acetate, and
subsequent partitioning of free steroids between phosphate buffer and a
nonpolar solvent eliminating free steroids. However, such approach brings
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an additional source of variability as well as time and labor expenditure and
therefore it was omitted.

The use of radioiodination for preparation of the tracer was helpful re-
specting instant analytical expediency and material cost. On the other
hand, the necessity to synthesize the tracer with limited durability and the
decreased analytical criteria in the modified method as well as the manipu-
lation with γ-activity resulted in the choice of non-extraction modification
with tritiated tracer, which was used in evaluation of age and sex relations
of the steroid conjugate in humans from childhood to senescence. Up to
date, no such study covering the all lifespan has been published. The re-
sults obtained here were in accordance with the uncompleted studies pub-
lished before6.

A decrease in PregS in senescence was up to 65% of the maximum value
found before 30th year of age. In comparison with free pregnenolone, the
circulating levels of PregS are more than one order of magnitude
higher6,10,33. In this connection, its capability of transport across the
blood-brain barrier48 should be mentioned, as well as its activating effect on
the membrane neuronal receptors that are responsible for calcium ion
transport into the neuron, resulting in improvement of perception and
memory. Higher levels of the conjugate in women suffering with mixed
anxiety-depressive syndrome should be also mentioned8.

Further application of the method for measurement of PregS was the
evaluation of time profiles of the conjugate in circulation of women with
epidural and subarachnoidal analgesia around parturition. The levels of
PregS were exceedingly elevated in fetal and maternal serum. However, no
correlation was found between them. A steep fall within the first hour and
day after delivery was found in maternal serum. These finding are of inter-
est with respect to possible influencing the onset and/or course of parturi-
tion by PregS. In the application mentioned above, the method involving
an extraction step for elimination of cross-reactants was introduced due to
excessive concentrations of progesterone and unconjugated pregnenolone
in fetal and maternal serum during pregnancy and around parturition.

The methodical variant involving extraction step for elimination of
cross-reactants was used also for determination of PregS in two types of
breast cystic fluids where the extreme concentrations of the conjugate were
found9. The finding was in agreement with others6 who found excessive
amounts of other steroid sulfates in breast cyst fluid.

The rapid non-extraction variant was used for evaluation of age and sex
relations of the conjugate in humans, where a strong age relationship and
borderline sex differences were found.
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Pronounced time changes of the conjugate around parturition in mater-
nal serum and concurrent independence of maternal PregS on fetal levels
indicating autonomous production of maternal PregS, negligible transport
of the conjugate across the blood-brain barrier as well as possible influenc-
ing the onset and course of parturition by PregS were found.

Exceedingly elevated levels of PregS were found in breast cystic fluid,
which could indicate autonomous production of the steroid by the cyst
and/or hyperactivity of steroid sulfotransferase as well as a possible accu-
mulation of the steroid in breast cysts. The latter effect allows speculating
about deactivation of free steroids by sulfatation, which could be alterna-
tively metabolized to estrogens, thus increasing the risk of cancer develop-
ment.

CONCLUSION

A novel, simple and rapid radioimmunoassay of PregS was evaluated in sev-
eral variants for different matrixes and at different concentration of
cross-reactants. The variants of the method enabled both rapid screening
measurements of the conjugate in human serum and specific determina-
tion in matrixes with high concentrations of cross-reactants such as serum
of pregnant women, fetal serum or breast cyst fluid.
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