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Steroid hormone sulphation in lead workers
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ABSTRACT The metabolism of steroid hormones has been investigated in 10 workers exposed to lead
and in 10 non-exposed subjects to determine whether lead interferes with the first or second phase
reactions of steroid hormone biotransformation, or both. In the exposed workers blood lead
concentrations (PbB) ranged from 45 to 69 ,ug/l00 ml; in the controls PbB was less than 254ug/100 ml.
No statistical differences were found for the total amount of the urinary hormone metabolites, but a
drop ofabout 50% was observed for the sulphated portion. It is suggested that lead interferes with the
mechanisms of sulphoconjugation through an effect on the cytosol enzymes sulphotransferase and
sulphokinase.

Of the reactions that take place during the second
phase of biotransformation of endogenous and xeno-
biotic compounds, sulphation usually occurs after
glucuronidation and it is particularly important for
certain phenolic, alcoholic, and aminic compounds.1
The liver is the main site of sulphation through the

mediation of cytosolic enzymes (sulphotransferase,
sulphokinase) which require adenosine 3'-phosphate
5'-sulphatophosphate (PAPS) as cosubstrate:

R-OH + PAPS R-O-SO3 + PAP
PAPS is synthesised from adenosine triphosphate and
inorganic sulphate that is believed to be an easily
exhaustible pool supplied from cysteine and its precur-
sors. Compared with glucuronidation, sulphation
seems to possess high affinity but low capacity for
conjugation of its own peculiar substrates.

Because of the different reaction kinetics of PAPS
compared with uridine diphosphate glucoronyl trans-
ferase, with low concentration of substrate with a
sufficiently great affinity for sulphation, this reaction
prevails; glucuronidation rapidly takes over when the
substrate increases beyond a certain concentration, or
when sulphation becomes exhausted or inhibited.2-5
Among the endogenous chemicals which are con-

jugated, steroid hormones may be used as model
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compounds. It has been shown that some of these
compounds, which mostly undergo glucuronidation,
are sulphoconjugated to a greater degree, especially
the 17-ketosteroids. "Free" hormones are practically
absent.67
Moreover it has been shown that the sulphate

groups of steroid hormones may be removed by
microsomal sulphatase enzymes and in this way
potentially active hormones may be regenerated.7
These mechanisms are believed to be ofimportance for
transport to, and activity of, the hormones at their
target sites, including the liver, the adrenal cortex,
placenta, fetus, and reproductive tissue.67

This complex metabolic pathway seemed to be a
useful one to use to investigate possible "in vivo"
interferences of industrial substances on the mechan-
isms of biotransformation. Thus within the frame-
work of a wider study about lead action on the adrenal
cortex and pituitary hormones we have studied
whether lead interferes with the metabolism of steroid
hormones.

Subjects and methods

The 20 male workers examined (17 non-smokers, three
ex-smokers) were subdivided into two groups.

Controls-ten unexposed workers with a blood lead
concentration (PbB) of less than 25 pg/100 ml in the
past four years.
Exposed-ten lead exposed workers with PbB in the

past four years ranging from 45 to 65 yg/100 ml,
204
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Steroid hormone sulphation in lead workers
employed in various manufactures (ceramics,
batteries, non-ferrous alloys, foundries, pewter).
For every subject, clinical examinations and

laboratory tests were used to exclude serious diseases.
None had taken drugs during the two weeks before the
study.
A sample ofvenous blood was drawn in the morning

and a 24 hour urine sample was collected on the day
before the blood sampling.
The following tests were carried out.
(1) Haemoglobin and cell counts, liver and kidney

function tests, and lipidic, glucidic, and protidic
metabolism tests using a Greiner autoanalyser.

(2) Lead in blood (PbB, ig/I00 ml) and lead in urine
(PbU, ug/l) both determined with a direct method in
ETA-AAS graphite furnace, L'Vov platform, using a
Varian 1475 GTA 95 spectrophotometer.

(3) Erythrocyte zinc protoporphyrin (ZPP, pg/g
Hb) determined with an AVIV haematofluorometer
after reoxygenation of the venous blood.

(4) Urinary steroids measured by a gas

chromatographic technique with a packed column
using the method of Ros and Sommerville8 modified
as follows:
(a) The 24 hour sample of acidified urine was sub-
divided into two: to one was added SHP helics
pomatia juice enzyme from IBF, capable of hydrolys-
ing both the glucoronated and sulphated compounds;
the other was treated with an enzyme with only a
glucoronidasic action (Ketodase beef liver B-
glucuronidase from General Diagnostic) thus obtain-
ing the glucuronated hormones only.
(b) The hydrolysed steroids were extracted with
diethylether at pH 5-2, washed with a pH 12 6
solution, concentrated in nitrogen flow, and finally
extracted with N 0 bis-(trimethyl silyl)
trifluoracetamide (BSTFA).
(c) The analysis was carried out using a gas
chromatograph Perkin Elmer 300 equipped with a
packed column OV 101 3% in gas chrom 2, 100/120
mesh, internal diameter of 2 mm, carrier nitrogen at a
flow rate of 30 ml/min, FID detector, with the
following temperature programme: injector tempera-
ture 280°C, initial column temperature 200°C, and
final 280°C with increment of 1-5°C/min, detector
temperature 300°C.
(d) The identification of GC peaks was performed
using mixtures ofstandard hormones from SIGMA. A
characteristic chromatogram of the urinary steroid
metabolites is shown in fig 1, identifying the principal
gas chromatographic peaks. The evaluation of the
results has been restricted to the metabolites with
the best gas chromatographic resolution, measurable
in all 20 subjects in concentrations higher than
0 1 mg/24 h.
The following compounds have been considered:
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Fig I Examples ofpattern ofurinary steroid hormone
metabolites obtained by GC method: I Androsterone,
2 Etiocholanolone, 3 11 oxoandrosterone + 11
oxoetiocholanolone, 4 11 hydroxyandrosterone, 5 11
hydroxyetiocholanolone, 6 Pregnanediol, 7 Pregnanetriol,
8 5-pregnanetriol, 9 Tetrahydrocortisone + cholesterol,
10 Tetrahydrocortisol, 11 Tetrahydrodeidrocorticosterone +
tetrahydrocorticosterone, 12 Cortolone, 13 B-cortolone,
14 Cortol, 15 B-cortol. IS = Internal standards.
(a) = Glucuronated hormones, (b) = Total hormones.

(A) seventeen ketosteroid metabolites of androstene-
dione and of 11 B-hydroxyandrostenedione: andro-
sterone, etiocholanolone; 11 hydroxyandrosterone
and 11 hydroxyetiocholanolone, 11 oxo androsterone
and 11 oxo etiocholanolone.
(B) Metabolites of pregnane: pregnanediol, pregnan-

etriol, and 5-pregnanetriol.
(C) Seventeen hydroxycorticoids:
Cl Metabolites of cortisone: tetrahydrocortisone,
cortolone, and B-cortolone;
C2 Metabolites of cortisol: tetrahydrocortisol, cortol,
and B-cortol;
C3 Metabolites of corticosterone: tetrahydro-
dehydrocorticosterone, tetrahydrocorticosterone.
The total and sulphated concentrations of the

steroid metabolites have been corrected to a urinary
creatinine excretion of 1-5 g/24 h.

STATISTICAL ANALYSIS
The data were compared by t tests and linear regres-

sions between PbB, PbU, ZPP, and the concentration
of the sulphated steroid metabolites.
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Results

The control and exposed subjects did not significantly
differ for age, duration of employment, and alcohol
intake. The expected differences for PbB, ZPP, and
PbU were confirmed but at different levels ofstatistical
significance (table 1). The results of the laboratory
tests did not differ significantly between the two
groups.
The urinary concentrations of many steroids were

decreased in the exposed subjects but the decrease was
never statistically significant. The concentrations of
two metabolites (cortolone and B-cortolone) were
higher in the exposed than the control subjects.

In the controls, the percentage of sulphated
metabolites showed remarkable variation within and
between the chemical groups: as a whole (fig 2) the
metabolites were sulphated to the extent of about
24%; pregnane derivates were 5% sulphated (and
may, therefore, be classified as compounds almost
totally glucuronated) 17 hydroxycorticoids about
22% and 17 ketocorticosteroids about 33%.
For individual metabolites, sulphation varied from

8% (for etiocholonolone) to 57% (for hydroxyandro-
sterone); for most it was in the range 16-37%.

In each hormonal pathway, sulphation seems to
increase for the intermediate catabolites and decrease
for the final ones. In the exposed men, except for the
pregnane derivatives, absolute and per cent values of
sulphated metabolites are decreased: this trend rea-
ches statistical significance for eight metabolites
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Fig 2 Mean percentage sulphatedfor total steroid and three
steroid subgroups in controls and exposed subjects.

(tables 2-4). This decrease is more evident than some
pathways such as that of the 17 ketosteroids (fig 2)
particularly for metabolites such as cortolone.
The correlations between the concentration of sul-

phated metabolites and PbB were significant only for
androsterone (r = - 052, p = 0'018) and for 11-OH
etiocholanolone (r = - 059, p = 0 07). The correla-
tion between sulphation and ZPP was significant only
for androsterone (r = - 045, p = 0.046).

Discussion

The number of subjects was small (partly because of
the complexity ofthe tests) and there was considerable
inter and intra individual variation in the concentra-
tions of the hormones studied. Subjects who had been

Table 1 Age, duration ofemployment, alcohol intake, and lead exposure effect indicators in the study populations

Duration of
employment Alcohol PbBM ZPPx Pb U

Age (years) (years) (grld) (pg/l00 ml) (pg/g Hb) (pg/I)

Controls 10 k 43 0 I 10-7 k 48-4 i 20-8 x 1-2 a 97.7
SD 7-7 SD 2-7 SD 26-2 SD 2-8 SD 0-5 SD 75-9

Lead exposed 10 i 47-0 i 12 3 i 67-4 i 50-5 i 5-6 x 175 1
SD 11-4 SD 60 SD 41 1 SD 96 SD 51 SD 883

tTest NS NS NS p < 0001 p < 005 p < 005

Table 2 Urinary 17 ketocorticosteroids (total and sulphate amounts share andpercentage sulphated) in controls and subjects
exposed to lead

Controls Lead exposed

Total Sulphate Sulphate Total Sulphate Sulphate
(mg/24 h) (mg/24 h) (%) (mg/24 h) (mg/24 h) (%) t Test

Androsterone 1t195 0-72 37 1 84 0-41 22 p < 005
SD 0-68 0.28 s'1.06 0.26 22p<0

Etiocholanolone I 2-21 0-17 8 1-81 0-04 2 p < 0-001
SD 0.99 0-06 0 90 0-02

11 Hydr androst x 109 0-62 57 105 056 53 NS
SD 0-57 0-28 0-44 0 25

11 Hydr etiocol I 0-64 0.21 33 0°51 0°08 16 p < 0-005
SD 0-44 0.11 0-27 0.04 16p<05

11 Oxoandros + i 1-15 030 34 1-09 0-31 28 NS
11 Oxo etiochol SD 0-64 0-18 0-63 0-17
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Table 3 Urinary pregnane derivatives (total and sulphated amounts andpercentage sulphated) in controls and subjects
exposed to lead

Controls Lead exposed

Total Sulphate Sulphate Total Sulphate Sulphate
(mg/24 h) (mg/24 h) (%) (mg/24 h) (mg/24 h) (%) t Test

Pregnanediol I 0-34 0-02 6 0-31 0-03 10 NS
SD 0-13 0-01 0-22 0-02

Pregnanetriol F 0-85 0-04 5 0-73 0-03 4 NS
SD 0-38 0-01 0-34 0-01

5 Pregnanctriol S 0-11 0 0-10 0-01 10 NS
SD 0-06 0 00-05 0-01 10N

Table 4 Urinary 17 hydroxycorticosteroids (total and sulphated amounts andpercentage sulphated) in controls and exposed
subjects

Controls Lead exposed

Total Sulphate Sulphate Total Sulphate Sulphate
(mg/24 h) (mg/24 h) (%) (mg/24 h) (mg/24 h) (%) t Test

Tetrahydrocortisone it 3-38 0-54 16 3-05 0-27 9 p < 0-05
SD 2-07 0-32 0-91 0-11

Cortolone FE 1-50 0-45 301-56 0-08 p<001SD 0-99 0-21 30 046 0-03 p < 0001
B Cortolone i 0-93 0-07 7-5 1-21 0-07 8-3 NS

SD 0-38 0-03 0-40 0-02
Tetrahydrocortisol it 2-73 0-63 23 2-56 0-23 9 p < 0-05

SD 1-93 0-47 231-05 0-10 p<00
Cortol it 0-26 0-09 34 0-23 0-04 17 p < 0-005

SD 0-12 0-04 0-13 0-02
B Cortol FE 0-56 0-13 23 0-47 0-03 6 p < 0-001

SD 0-25 0-06 230-12 0-01
Tetrahydrodehydrocorticost + i 1-49 0-46 30 1-46 0-29 20 NS

Tetrahydrocorticost SD 0-83 0-23 0-85 0-14

exposed to lead were observed to have a decrease in the
urinary concentration of steroids, however, although
this never reached statistical significance. Our results
do not exclude the possibility that lead inhibits
hormone synthesis but, at the levels we considered, the
metal does not seem to cause a significant decrease in
the urinary concentration ofthe metabolites of steroid
hormones. There is evidence that lead affects their
biotransformation, however. This may be appreciated
by the drop in the concentration of sulphated
metabolites (table 5).
The decrease in the sulphated concentration is

compensated by an increase in the concentration of
glucuronated products, since glucuronidation is a

reaction with low affinity but with a high capacity and
a high reserve; it is therefore able to take over other
second phase reactions such as sulphation when these
are restricted or inhibited.
The decrease in sulphation may be related to a

higher activity of microsomal sulphatases, with a

consequent reversion of sulphate conjugation. This
seems unlikely in view of what has already been
reported about the inhibition of microsomal oxidases
by lead."'2
Examples of sulphation inhibition have been repor-

ted, including that of2-6 dichloro 4-nitrophenol which

competes with the substrates of sulphotransferase by
binding to the enzyme and making it unavailable; this
compound has been used in in vivo experiments,
exerting an effective inhibition of sulphation at non-
toxic doses.'3 '4

Inhibitors of mitochondrial function such as roten-
one inhibit sulphation and glucuronidation in
hepatocytes by a depletion ofATP. Other endogenous
sulphation inhibitors have been found in the intestine
of newborn rats and in human erythrocytes. 5 In
workers exposed to lead the metal probably interacts
with cytosolic enzymes-sulphotransferase and sul-
phokinase-shunting the non-conjugated metabolites
towards glucuronidation.
Lead may also interfere with sulphydrilic groups of

the cysteine involved in the generation ofthe inorganic

Table 5 Total and sulphated urinary steroid hormones in
controls and subjects exposed to lead

Lead
Controls exposed t Test

Total urinary steroiods i 19-19 17-98 NS
(mg/24 h) SD 5-07 5-16

Sulphated urinary steroids k 4-54 2-48
(mg/24 h) SD 2-80 1-30 P 0-05

Per cent sulphated 23-6 13-7 -

207Steroid hormone sulphation in lead workers

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.46.3.204 on 1 M
arch 1989. D

ow
nloaded from

 

http://oem.bmj.com/


208
sulphate necessary for the synthesis of PAPS. This
appears to be in accordance with the interference of
lead on Na/K/ATPase activity in the erythrocyte
membrane, interference that may be prevented in vitro
by the administration of cysteine.'6
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