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Abstract

A functional and basic method for the quantitative analysis of urine cortisol (F) and cortisone (E) using a solid-phase extraction (SPE) column
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nd HPLC with ultraviolet detection is here described and validated to analyse urine samples. Urine specimens were analysed to stF andE
elation and ratio in athletes and healthy sedentary subjects. TheF andE concentrations in random urine specimens were significantly h
n the post-exercise versus pre exercise condition in cyclists (F: 136± 93 nmol/l versus 67± 50 nmol/l (p < 0.001);E: 797± 400 nmol/l versu
08± 252 nmol/l (p < 0.001)). TheF/E ratio was 0.18± 0.11 versus 0.16± 0.07, respectively, and a significant difference was only demons
omparing sedentary (0.11± 0.07) and cyclist individuals at rest (p < 0.05).
2005 Elsevier B.V. All rights reserved.
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. Introduction

The physiologically active steroid hormone cortisol (F) and
ts inactive metabolite cortisone (E) have different chemical
tructures. Two isoenzymes of 11�-hydroxysteroid dehydroge-
ase (11�-HSD), catalysing their interconversion within target
ells, have been shown to modulate the action of theF at an
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autocrine level in several peripheral sites. The 11�-HSD type 1
regenerates cortisol from cortisone, demonstrating its stro
enzyme activity in the liver, nevertheless it is widely distribu
in the organism to maintain adequate activation of gluco
ticoid receptors, whereF has crucial metabolic functions[1].
The 11�-HSD type 2 is mainly localized in the kidney and a
selectively on intrinsically non-specific mineralcorticoid rec
tors by inactivating cortisol. The balance between the enzym
activity of the types 1 and 2 enzymes maintains the avai
cortisol[2]. Alteration in the expression of these isoenzyme
peripheral tissue modifies corticosteroid action: loss of he
11�-HSD1 activity improves insulin sensitivity through a red
tion in cortisol-induced gluconeogenesis and hepatic glu
output. Conversely, over-expression of 11�-HSD1 in omenta
adipose tissue can stimulate glucocorticoid-induced adip
differentiation, which may lead to central obesity[3,4]. The
ratio between cortisol and cortisone (F/E) in urine depends o
11�-HSD type 2 activity and has been suggested as a m
of the activity of 11�-HSD type 2 in the kidney. It might b
useful to study thisF–E interconversion. BothF and E are
needed in several metabolic processes such as in adapta
570-0232/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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stress. In factF andE increase when nervous tension occurs,
e.g. during sport training or competition[5]. Urinary freeF
(UF) excretion has been shown to be a reliable single index
of adrenal/cortical secretion and has been accepted as a mea-
surement of the free fraction in plasma[6,7]. Recently, the
24-h urinaryF/E ratio has been proposed as a useful indica-
tor for monitoring the overreaching state in elite swimmers[8].
It is also known that a few athletes illicitly use corticoids to
improve their performance and theF/E ratio in a doping test
could be used for doping detection[9]. Furthermore, a com-
bined test ofF andE is potentially useful in evaluating patients
with adrenal disorders and also in athletes in relation to phys-
ical exercise and training. Various immunoassays have been
developed for the urineF (UF) measurement, but these anal-
ysis methods are susceptible to interferences from cortisone
and/or other endogenous steroid metabolites and synthetic glu-
cocorticoids[10]. Therefore a serious problem is the lack of
specificity in the measurement of UF[11,12]. Chromatographic
methods accurately measure UF, not only reducing the inter-
ference for theF quantification, but also allow quantification
of theE [13–15]. Moreover, liquid chromatography–mass spec-
trometry (LC–MS), and gas chromatography–mass spectrome-
try (GC–MS)[15–17]have the disadvantage of being expensive
and are not available in all laboratories. Liquid chromatography
with ultraviolet detection (LC–UV) coupled with solid-phase
extraction (SPE), to eliminate interfering compounds, is a prac-
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A reversed-phase HPLC system with UV detector was used
to separate and quantify the urinary steroids. The chromato-
graphic equipment consisted of a solvent delivery system mod.
112 (Beckman Coulter, Fullerton, CA, USA), an injector mod.
7725 Rheodyne (Beckman Coulter, Fullerton, CA, USA), a
column oven Gecko 2000 (Beckman Coulter, Fullerton, CA,
USA). The analytical column was a stainless steel ODS col-
umn (Supelco Discovery DSC 18 150 mm× 4.6 mm, i.d.; 3�m
particles, 120̊A pore diameter) (Supelco, Bellofonte, PA, USA)
equipped with an ODS guard column (Phenomenex C18 OSD
4 mm× 3 mm, i.d.) (Phenomenex, Torrance, CA, USA). The
detector was an UV–vis spectrophotometer (Beckman mod. 126,
Beckman Coulter, Fullerton, CA, USA).

Urinary creatinine (crea) was measured by a capillary elec-
trophoresis method[20] and the urinary total protein (uTp) con-
centration was measured by the Coomassie method using a com-
mercial kit purchased from Sigma Diagnostics (Sigma–Aldrich,
St. Louis, MO, USA).

2.2. Chromatographic conditions

2.2.1. SPE urine treatment
Each urine or standard sample (3.0 ml), spiked with IS

133 nmol/l, was applied to a SPE column DSC 18 packed, which
had previously been equilibrated with 10 ml of methanol fol-
lowed by 5 ml of water. After sample injection the washing steps
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ical and cheaper technique[18,19]. The aim of this work ha
een to describe the development and validation of a HPLC
ethod utilising a solid-phase extraction with SPE cartridge

he simultaneous measurement of cortisol and cortisone in
om urine specimens, to measure theF/E ratio in cyclists and t
valuate if this ratio changes before and at the end of a stre
xercise.

. Experimental

.1. Chemicals and reagents

Cortisol (11-�, 17-�, 21-trihydroxy, �-4 pregnene 3,20
ione, hydrocortisone:F) PM 362.5, 98%, cortisone (17�, 21-
ihydroxy, �-4 pregnene 3,11,20 trione:E) PM 360.5, 98%
nd 6-� methylprednisolone (internal standard, IS) PM 37
8% were purchased from Sigma Chemical (Sigma–Aldrich
ouis, MO, USA).

Methanol HPLC grade (99.9%, Carlo Erba, Limito, Ita
cetone (acetone HPLC pure 99.8%, LabScan Analytical
nce, Dublin, Ireland), distilled water from an ELGASTAT UH
ystem (Elga, High Wycombe, UK),n-Exane (98%, Carlo Erb
imito, Italy) and diethyl ether (99.8%, Carlo Erba, Limi

taly).
Standard stock solutions were prepared by dissolvin

ethanol 1 mg/ml of commercial preparations of cortisol
ortisone and IS. All solutions were stable for up to 3 mo
hen stored at−20◦C.
The SPE Discovery DSC 18 columns (endcappe

00 mg/3 ml) were used for sample clean-up. These
olumns were purchased from Supelco (Bellofonte, PA, US
-

s

.

ere: 1 ml of water followed by 5 ml of acetone water solu
1/5, v/v) and 1 ml of hexane. Two millilitres of diethyl eth
as then added and the eluate was desiccated. Each drie
le was successively re-suspended with 200�l of HPLC mobile
hase.

.2.2. Reversed-phase HPLC
Chromatography separation was carried out by isocratic

ion, with methanol–water (63/37, v/v) at 30◦C and the proces
f each chromatographic analysis ended in 11 min.

The mobile phase flow rate was 0.8 ml/min. The sample in
ion volume was 20�l. A System Gold (Beckman, V 8.1) so
are integration was employed forF andE quantitative analys
easuring the absorbance at 254 nm wavelength. The chro
raphic conditions were chosen in terms of peak shape, co
fficiency, chromatographic analysis time, selectivity, and r

ution.

.3. Urine specimen collection and subjects

Urine specimens were collected from a group of well-tra
yclists (n = 21, age 17.3± 0.5 years, weight 66.8± 6.1 kg,
eight 174.6± 1.7 cm; average± standard deviation) and fro
n age-matched male sedentary control group (n = 10, age
4.6± 3.6 years, weight 71.0± 10.3 kg, height 180.3± 6.5 cm).
he cyclists were elite athletes in a state of continuous tra
uring their racing season. Each cyclist, questioned abou
se of drugs, confirmed that no drug had been taken after
.m. the previous evening and that no special medical trea
as ongoing. All studied cyclists had a 1350–1500 kcal m

65% carbohydrates, 25% lipids, 10% proteins) 120–180
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before the competition. The approval by the Ethics Committee
of the University of Padua was obtained and all cyclists gave
their informed consent.

All cyclists performed a competitive mountain bicycle race
of about 102 km. The competition took place in the late morn-
ing, starting about midday and was concluded about 2.5 h later.
At the end of the race the weight of each cyclist was decreased
about 1.5 kg. During the race, the average fluid intake (sweet-
ened weak tea) of each athlete was approximately 500–800 ml.
The climatic temperature was about 15◦C and it was raining
heavily. The urine samples were collected from each cyclist at
rest, before exercise (10–15 min before competition), and at the
end of exercise (no later than 10–15 min after his arrival). All
collected specimens were stored at 4◦C until the return to the
laboratory (about 02:00 p.m.) and placed in the refrigerator at
−80◦C. The urine samples (7 ml specimens), collected from the
sedentary controls during the late morning to match the time of
the basal athlete urine collection, were stored in suitable aliquots
in the refrigerator (−80◦C) within 1 h from the time of collec-
tion. All samples were stored in the refrigerator until assayed.

2.4. Statistical analysis

The data were analysed by using conventional statistical
methods. The pre and post-exercise comparison was calculated
using t test for paired data. The comparison between different
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Table 1
Analytical recovery test of cortisol added into two urine samples (A and B) prior
SPE extraction

Endogenous (nmol/l) Added (nmol/l) Measured (nmol/l) Recovery (%)

Cortisol (F)
Urine sample A (n = 3)

115 ± 9 138 262± 38 103± 14
345 427± 43 93± 9

Urine sample B (n = 5)
116 ± 18 138 240± 16 92± 1

345 420± 26 92± 3

Table 2
Analytical recovery test of cortisone added into two urine samples (A and B)
prior to SPE extraction

Endogenous (nmol/l) Added (nmol/l) Measured (nmol/l) Recovery (%)

Cortisone (E)
Urine sample A (n = 3)

260 ± 36 277 503± 89 93± 13
693 962± 87 101± 12

Urine sample B (n = 5)
481 ± 57 277 708± 76 95± 4

693 1142± 102 94± 5

Fig. 1. Correlation between the expected and measured cortisol percent values.
(�): Average of three urine samples.

Fig. 2. Correlation between the expected and measured cortisone percent values.
(�): Average of three urine samples.
roups (athletes and sedentary) used unpaired t test. Th
re reported as average± standard deviation.

. Method validation and results

.1. Recovery test

Aliquots of two urine samples were prepared for determ
ng the accuracy and precision of the method. EndogenoF
oncentrations measured in these samples were 115± 9 and
16± 18 nmol/l (specimens 1 and 2, respectively), andE were
60± 36 and 481± 57 nmol/l. Known amounts of standa
olution ofF (345 and 138 nmol/l),E (277 and 693 nmol/l) and I
133 nmol/l) were added to these sets of urine. The samples
hen carried through the sample preparation procedure des
bove. The recoveries were calculated by comparing theF and
concentrations of these compounds between the expecte
easured values after the extraction procedures. The exp

alues were calculated using the average obtained from rep
nalyses on the same urine sample. A standard solution
dded to a sample of this urine to reach a known concentr
amely the expected concentration (Tables 1 and 2).

.2. Linearity

Three different urine samples were diluted 1:2, 1:4 and
o verify the possibility of diluting urine samples. These dilu
nd undiluted samples were analysed for cortisol and cort
easurements.Figs. 1 and 2show the correlation between t

xpected and measured concentrations of cortisol and cort
espectively. The original concentration of undiluted sample
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defined as 100% and the successive dilutions were calculated as
relative percent. The equations in figures were the final average
of the three different dilutions of each sample.

3.3. Inter-assay and intra-assay variability

Inter-day precision was calculated from data obtained
analysing, during 7 days, aliquots of the SPE urine sample (sin-
gle extraction), stocked and stored at−20◦C and the CV was
3.1 and 1.5%, and the concentrations measured for this sample
were 354± 15 and 118± 2 nmol/l (E andF, respectively).

The inter-day precision was also calculated from data
obtained analysing one urine specimen extracted in 7 differ-
ent days (multiple extraction). The CV was 5.0 and 7.1% and
the concentrations measured were 454± 23 and 108± 8 nmol/l
(E andF, respectively). Intra-day precision was calculated from
six repetitions of a single extraction of a urine sample (550± 12
and 124± 1 nmol/l E andF, respectively) and the CV was 2.2
and 0.9%, respectively.

3.4. Calibration graphs

To each of five standards, containing known concentrations
of F (0, 69, 138, 345, and 690 nmol/l) andE (0, 139, 277,
693, and 1387 nmol/l) dissolved in phosphate buffer (sodium
s am-
p ample
e

hted
l rsus
t ard
m are
s rre-

Fig. 3. Cortisol (F) calibration curve for urine analysis.

Fig. 4. Cortisone (E) calibration curve for urine analysis.

lation coefficients are reported. By examining the curves it can be
seen that the relationship between peak area ratio and concentra-
tion was linear within the studied concentration ranges. Typical
HPLC chromatogram after urine SPE extraction is shown in
Fig. 5. A single peak ofF was obtained at the retention time of
5.9 min andE at 4.8 min, respectively. A single peak of the IS
was also obtained at 8.6 min.

F s follo
p : cort
alt 70 mmol/l, pH 7.4), 133 nmol/l of IS was added. The s
les were treated using the same procedure as a urine s
xtraction for HPLC separation.

The calibration graphs were obtained by an un-weig
east-squared linear fitting of the peak-area ratios with IS ve
he concentrations ofF andE on each analysis of the stand
ixtures. The calibrations curves of the two metabolites

hown inFigs. 3 and 4: the slopes, the intercepts and the co

ig. 5. HPLC separation of an urine sample. The HPLC conditions were a
hase: methanol–water (63/37, v/v); flow rate: 0.8 ml/min. Marked peaks
ws: Supelco Discovery HSC18 (150 mm× 4.6 mm, i.d.; 3�m, 30◦C) column; mobile
isone (E), cortisol (F), internal standard (IS).
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Table 3
Urine concentrations of cortisol (F), cortisone (E), creatinine (crea),F/crea,E/crea andF/E ratios in the sedentary subjects and cyclists

Sedentary subjects,
n = 10 (mean± S.D.)

Cyclists pre-competition,
n = 21 (mean± S.D.)

Cyclists post-competition,
n = 21 (mean± S.D.)

F (nmol/l) 51 ± 25 67± 50 136± 93*

E (nmol/l) 555± 318 408± 252 797± 400*

Crea (mmol/l) 14± 6§ 6 ± 4 10 ± 4*

F/crea (nmol/mmol) 5± 3◦ 16 ± 18 16± 13
E/crea (nmol/mmol) 53± 37 101± 104 92± 56
F/E 0.11± 0.07◦ 0.16± 0.07 0.18± 0.11

Pre-competition vs. post-competition:* p < 0.001; sedentary subjects vs. pre-competition cyclists:◦p < 0.05;§p < 0.001.

3.5. Limit of detection (LOD)

The LOD was expressed by measuring the noise of the chro-
matography signal in the zone (1–2 min interval) after theE, F
and before IS peaks using urine extracted samples (n = 10). The
average of the various peaks in these zones±3 standard devia-
tions represented the LOD. The LOD forF andE in urine were
therefore calculated to be 9 and 82 nmol/l, respectively.

3.6. Cortisol and cortisone urine profile of athletes and
sedentary subjects

The present method was applied to analyse pre and post-
competition random urine specimens collected from cyclists and
basal random urine specimens collected from sedentary subjects.

Table 3 shows the cortisol and cortisone pre and post-
competition urine concentrations and their relation with crea-
tinine urine concentrations in cyclists. A significant increase
of urineF andE concentrations in post-exercise was observed
(p < 0.001). After the normalization by creatinine, in both
metabolites, a post-exercise increase was not present. TheF/E
ratio value pre versus post-competition was not significantly
different. On the contrary the pre competitionF/E ratio in ath-
letes was significantly different (p < 0.05) from the basal value
in sedentary individuals (Table 3). A significant correlation was
found betweenF and creatinine andE and creatinine in pre
e -
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precision of 1.5 and 3.1% and of 7.1 and 5.0% for a single and
multiple extraction ofF andE, respectively.

In conclusion, the analytical performance was proved to be
adequate for measuring the random urine specimen concentra-
tions of cortisol and cortisone. This enables us to detect changes
of endogenous levels of these corticosteroids in random urine
on the occasion of a cycle race.

The measurements carried out in athletes and sedentary sub-
jects demonstrated that the urinaryF and E levels in cyclists
significantly increased after a stressful situation, such as com-
petition. This difference was annulled when the ratio with urine
creatinine was measured. The significant correlation, found
betweenF and creatinine andE and creatinine in pre exercise
values, suggests that the urinary excretion ofF and E might
follow the same profile as creatinine[21,22]. This correlation
was not detected after exercise in this study and needs further
investigation.

This fact might be due to the same outcome of physical exer-
cise causing renal excretion variation[23]. Furthermore, theF
andE ratio was not varied comparing before with end exercise
urine concentration. On the contrary, this ratio was significantly
different when the basal levels of cyclists were compared with
sedentary individuals. The measurement of thisF/E ratio in
the basal condition (random urine specimen) prompted a more
profound study to evaluate if any relation existed in an acute
(measurements carried out immediately after a strenuous phys-
i tate,
w tren-
u ween
t f-
f cts
w ves-
t stion
t tion
[
a ably
d rain-
i ld
e cts
a

linical
a -
n ding
t rome
xercise (p < 0.05 andp < 0.001;r = 0.529 andr = 0.721, respec
ively). Post-competition urinary total proteins were sign
antly increased compared to the pre competition (27± 30 mg/l
ersus 32± 42 mg/l,p < 0.05) and this significant increase w
lso present when the ratio with the creatinine was consid
5± 7 mg/mmol versus 32± 108 mg/mmol,p < 0.05).

. Discussion

The present results demonstrated that this analysis m
s suitable for urinaryF and E analysis. The use of SPE a
everse phase chromatography with UV detection demon
calibration range from 0 to 690 and 0 to 1387 nmol/l forF and
, respectively. The dilution tests demonstrated linearity fo

wo metabolites as shown inFigs. 1 and 2. The recovery tes
emonstrated an average recovery of 95± 7 and 96± 8% for
andE, respectively. The intra-day precision demonstrat
V of 0.9 and 2.2% forF andE, respectively and an inter-d
d

d

e

cal exercise) and/or in a chronic condition (in a trained s
hen physical exercise is carried out systematically). The s
ous exercise in fact did not demonstrate any difference bet

he pre and post-competitionF/E ratio; instead a significant di
erence comparing the basalF/E values of the sedentary subje
ith the pre-competition cyclists, was demonstrated. This in

igation develops Atlaoui’s data and agrees with their sugge
hat this ratio might be suitable for training state investiga
8]. Cortisol action on target cells is determined by 11�-HSD
nd in acute condition the activity of type 2 enzyme prob
oes not change. On the contrary a chronic condition, like t

ng, might modify the enzyme activity, which in turn wou
xplain the different basalF/E ratio between sedentary subje
nd cyclists.

The present analysis method can also be proposed for c
pplication. In fact a defect of 11�-HSD2 activity in the kid
ey results in cortisol-induced mineralocorticoid excess, lea

o the so-called apparent mineralocorticoid excess synd
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(AME), a pseudo-hyper-aldosteronism with hypertension and
hypokalemia. Cortisol is elevated in both variants of the syn-
drome and can discriminate patients with AME[24–26]. Dietary
flavonoids can inhibit this enzyme and, at high doses, may cause
an apparent mineralocorticoid effect[27]. Glycyrrhetinic acid, a
compound of liquorice, also leads to pseudo-hyperaldosteronism
by inhibiting the 11 �-hydroxysteroid dehydrogenase 2
[28].
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