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Abstract

This study describes an high-performance liquid chromatographic (HPLC)–UV method for the simultaneous determination of 6�-hydroxycortisol
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6�-OHF) and cortisol (F) in human urine and plasma. The within-day relative standard deviation of the three concentrations for bot
as less than 6.2%. Accuracy determined at three concentrations ranged between 95 and 107%. The extraction recoveries were 6± 4.3 and
8.1± 2.4% at three concentrations for 6�-OHF and F in urine, respectively. The extraction recoveries were 88.7± 1.4% at three concentratio

or F in plasma. This is the first HPLC method that can simultaneously determine 6�-OHF and F in human urine and plasma and is suitabl
outine assessment of the CYP3A activity expressed as 6�-hydroxylation clearance.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Cytochrome P450 3A (CYP3A) enzyme catalyzes the C-6�
xidation of cortisol (F) to form 6�-hydroxycortisol (6�-OHF).
he metabolite 6�-OHF is then excreted as an unconjugated

orm in urine [1–3]. The urinary excretion ratio of 6�-
ydroxycortisol to cortisol (6�-OHF/F) is a good test to evaluate
rug-metabolising enzyme inducing or inhibiting properties of
rugs when the subjects are their own controls[4]. The endoge-
ous cortisol 6�-hydroxylation clearance, calculated from the
mount of urinary excreted 6�-OHF divided by the area under

he plasma concentration–time curve (AUC) of cortisol can be
sed as a reliable index for the in vivo CYP3A phenotyping[5].
alculation of 6�-hydroxylation clearance requires two separate
nalysis of F in plasma and 6�-OHF in urine.

Various methods for the simultaneous determination of 6�-
HF and F in urine have been described, such as high-

∗ Corresponding author. Tel.: +86 731 2650446; fax: +86 731 2650446.
E-mail address: 13327219281@hn165.com (Z. Cheng).

performance liquid chromatographic (HPLC) with UV[6–8]
and fluorescence detection[9], gas chromatography–mass sp
trometry (GC–MS)[10], and liquid chromatography–tande
mass spectrometry (LC–MS–MS)[11]. Separate detection
6�-OHF and F has been performed by radioimmunoassay (
[12], enzyme-linked immunosorbentassay (ELISA)[13]. The
immunochemical techniques are highly sensitive, but they
selectivity for 6�-OHF and F due to cross-reactivity of t
antibodies, resulting in higher concentration of 6�-OHF and
F. Although the selectivity and sensitivity offered by GC–
and LC–MS–MS should allow for the accurate determina
of 6�-OHF and F in urine, the use of these technique
generally limited for the routine analysis due mainly to
instrumental availability. HPLC with fluorescence detection
provided the desired selectivity and sensitivity but the ex
sive sample clean up, muti-step derivatization procedur
well as time-consuming chromatography, limits its efficie
and capacity. Previous published HPLC–UV methods gene
offer higher selectivity and sensitivity in measuring 6�-OHF and
F, but the results are not often reproducible in different lab
tories as endogenous cortisone may interference the det
570-0232/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2005.09.007
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of cortisol when the separation was achieved on a C18 bonded
column. There is no published HPLC method so far that can
simultaneously determine 6�-OHF and F in human urine and
plasma.

In the present study, we describe a sensitive and reproducible
HPLC method for simultaneous determination of 6�-OHF and
F in human urine and plasma. This method was designed to be
using for the characterization of polymorphic CYP3A phenotype
expressed as 6�-hydroxylation clearance.

2. Experimental

2.1. Chemicals and reagents

Cortisol, 6�-hydroxycortisol and dexamethasone (DM) were
purchased from Sigma (St. Louis, Missouri, USA) and were
of at least 98% purity. Acetonitrile and methanol were of liq-
uid chromatographic grade obtained commercially (Tedia com-
pany, OH, USA). All other chemicals and solvents were of
analytical-reagent grade and were used without further purifi-
cation. 6�-OHF was reconstituted as 0.044 mg/ml solutions
in methanol. F and DM were reconstituted as 1 mg/ml solu-
tions in methanol. All the stock solutions were stored at
−20◦C.

2.2. High-performance liquid chromatography (HPLC)
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2.3. Recovery

To 2 ml (0.5 ml) of solutions containing known amounts
of 6�-OHF (27.5, 110, and 440 ng/ml) and F (7.8, 31.25,
and 125 ng/ml) in distilled water was added 0.2 ml (0.1 ml)
of the solution containing known amounts of dexametha-
sone (2000 ng/ml) in distilled water. Five samples of each
concentration were prepared. The samples were then carried
through the sample preparation procedure described above.
The recoveries were calculated by comparing the peak-area
of these compounds between before and after the extraction
procedures.

2.4. Calibration graphs

To 2 ml (0.5 ml) of solutions containing known amounts of
6�-OHF (6.9, 13.75, 27.5, 55, 110, 220, 440, and 880 ng/ml)
and F (1.95, 3.9, 7.8, 15.6, 31.25, 62.5, 125, and 250 ng/ml)
in distilled water was added 0.2 ml (0.1 ml) of the solution
containing known amounts of dexamethasone (2000 ng/ml) in
distilled water. The samples were then carried through the
sample preparation procedure described above. Peak areas
of 6�-OHF, F and dexamethasone were measured. The cali-
bration graphs were obtained by an unweighed least-squares
linear fitting of the peak-area ratios versus the concentra-
tion of 6�-OHF and F on each analysis of the standard
m
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.2.1. HPLC conditions
A Shimadzu 2010CHT high-performance liquid chroma

aphy with an SPD-M10A photodiode array detector was
Shimadzu, Kyoto, Japan). The separations were perform

Inertsil PH-3 5�m (250 mm× 4.6 mm i.d.) (GL Scinece
okyo, Japan), monitored by UV absorbance at 245 nm
perated at 1.0 ml/min using the following gradient of solv
ixtures acetonitrile (A) and water (B). The stepwise grad
lution program was: 12–43% A (linear) at 0–27 min. Twe
ercent A at 27–35 min. The column temperature was m

ained at 40◦C.

.2.2. Sample preparations for HPLC
To 2.0 ml of human urine (0.5 ml plasma) was added 0.

0.1 ml) of the solution containing known amounts of dex
thasone (2000 ng/ml) in distilled water, as internal stand
he urine or plasma samples were applied to an Oasis
xtraction Cartridges (Waters Corporation, Milford, MA, US
hat had been pretreated with 1 ml methanol and balanced
ml distilled water. The cartridges was washed with 3 m
istilled water and then eluted with a solution of ethyl acet
iethyl ether (4:1, v/v; 5 ml). Two milliliters of 1 M NaOH sat
ated with sodium sulfate was added to the organic extract
ortex-mixed for 1 min. After centrifuging, 2.0 ml of 1.0% ace
cid saturated with sodium sulfate was added to the org
xtract, and vortex-mix for 1 min. The organic extract was e
rated to dryness at 50◦C under a stream of nitrogen. The resi
as reconstituted in a solution of acetonitrile-water (1:4,
00�l). A 40 �l aliquot of the solution was injected to HPL
eaks of 6�-OHF, F and dexamethasone were measured.
n

-

.

h

d

c

ixtures.

.5. Accuracy and precision

The analytical accuracy and precision were examine
dding known amounts of 6�-OHF (55, 110, and 440 ng/m
nd F (15.6, 31.25, and 125 ng/ml) to urine samples con

ng known amounts of endogenous 6�-OHF (80.7 ng/ml) and
13.5 ng/ml). The analytical accuracy and precision were
xamined by adding known amounts of F (15.6, 31.25,
25 ng/ml) to plasma samples containing known amoun
ndogenous F (62.7 ng/ml). For intra-day assay precision
amples of each concentration were assayed on the sam
he day-to-day inter-assay precision was not examined in
tudy.

.6. Clinical sample collection

Twelve healthy adult volunteers (six of the volunteers
emale) participated in this study. The protocol for the pre
tudy was approved by the ethics committee of School of P
aceutical Sciences, Central South University. All volunt
ave their written informed consent to participate in the st
o individual was receiving any medication. Blood sam

5 ml) were obtained at 08:00 AM. The heparinized blood
ollected in glass tubes and centrifuged. The urine sam
ere collected at five different time intervals during a 2
eriod: 08:00–12:00, 12:00–16:00, 16:00–20:00, 20:00–2
nd 23:00–08:00. The volume of the urine samples was n
he plasma and urine samples were stored at−20◦C until anal-
sis.
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Table 1
Extraction recoveries of 6�-OHF, F and dexamethasone for urine samples
(2.0 ml)

Compound Concentration (ng/ml) Recovery (%) R.S.D. (%)

6�-OHF 27.5 60.7± 4.0 6.6
110 62.6± 3.4 5.4
440 69.0± 3.8 5.5

F 7.8 85.4± 4.5 5.3
31.25 89.7± 3.2 3.6

125 89.2± 3.9 4.4

Dexamethasone 200 89.4± 3.0 3.4

Mean± S.D.n = 5.

3. Results

3.1. Chromatography

Separation of 6�-OHF and F were examined by using two
types of reversed-phase columns by gradient elute with water
and acetonitrile. Typical chromatograms are shown inFig. 1.
A single peak of 6�-OHF and F were obtained on a reversed-
phase phenyl column (Fig. 1b–d). 6�-OHF cannot be detected
in human plasma (Fig. 1b). Dexamethasone as internal stan-
dard gave good peaks on the reversed-phase phenyl column and
no interfering peaks were observed in urine or plasma samples
(Fig. 1b–d). However, F was not separable from an endogenous
interfering peak (probably cortisone) on a C18-bonded column
(Fig. 1e).

3.2. Extraction recovery

6�-OHF and F were extracted from urine or plasma by using
an Oasis HLB extraction cartridge, being eluted with ethyl
acetate-diethyl ether (4:1,v/v). The organic extracts were then
washed with alkaline and acidic solutions saturated with sodium
sulfate. Extraction recoveries (mean± S.D.) were determined
at three different concentrations of 6�-OHF (27.5, 110, and
440 ng/ml) and F (7.8, 31.25, and 125 ng/ml) in water. Extrac-
t ation
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Fig. 1. High-performance liquid chromatograms of standard compounds (a);
morning plasma sample using a reversed-phase phenyl column (b); morning
urine sample using a reversed-phase phenyl column (c); afternoon urine sample
using a reversed-phase phenyl column (d); and morning urine sample using a
reversed-phase C18 column (e). 6�-OHF: 6�-hydroxycortisol. F: cortisol; DM:
dexamethasone; and E: endogenous substance (probably cortisone).
ion recoveries were also determined at a fixed concentr
200 ng/ml) of the internal standard (dexamethasone). Re
re displayed inTables 1 and 2.

.3. Calibration graphs

A good correlation was found between the observed p
rea ratios (A) and the theoretical concentration (C).

able 2
xtraction recoveries of F and dexamethasone for plasma samples (0.5 m

ompound Concentration (ng/ml) Recovery (%) R.S.D.

7.8 87.4± 4.9 5.6
31.25 88.6± 3.7 4.2

125 90.2± 2.8 3.1

examethasone 200 88.9± 3.2 3.6

ean± S.D.n = 5.
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Table 3
Accuracy and precision for urine samples

Compound Concentration
Added (ng/ml)

Concentration
found (ng/ml)

Recovery
(%)

R.S.D. (%)

6�-OHF 0 80.7± 2.7 – 3.3
55 137.5± 8.3 103 6.0

110 184.7± 6.1 95 3.3
440 548.0± 26.3 106 4.8

F 0 13.5± 0.7 – 5.2
15.6 30.2± 1.7 107 5.6
31.25 43.5± 1.1 96 2.5

125 139.5± 4.2 101 3.0

Mean± S.D.n = 5.

3.3.1. Calibration graphs for urine samples
Unweighed least-squares regression analysis gave typical

regression lines:C = 320.37A − 6.505 (r = 0.9996) for 6�-OHF
andC = 214.82A − 2.1343 (r = 0.9999) for F. The low limit of
quantitation (LOQ) was 6.9 ng/ml for 6�-OHF and 2 ng/ml for
F, respectively.

3.3.2. Calibration graphs for plasma samples
Unweighed least-squares regression analysis gave typical

regression lines:C = 215.12A − 2.3808 (r = 0.9999) for F. The
low limit of quantitation (LOQ) was 7.8 ng/ml for F.

3.4. Accuracy and precision

The data for the validation of the within-day precision are
presented inTables 3 and 4. The results show low relative stan-
dard deviation even for low levels of 6�-OHF and F. Accuracy
expressed as the ratio of compound added to that measured is
also displayed inTables 3 and 4. The results indicate that the con-
centration of 6�-OHF and F determined are in good agreement
with the actual concentration added.

3.5. Application of this method

We applied this method to the plasma and urine samples col-
l n of
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M

Fig. 2. Circadian variation in urinary excretion of 6�-OHF and F (a) and their
ratio and 6�-OHF/F (b). The result is shown as the mean± S.D. of 12 healthy
volunteers.

plasma samples of the 12 volunteers ranged between 48.8 and
151.6 ng/ml (87.9± 35.4).

4. Discussion

The measurement of 6�-OHF excretions has to be considered
as a useful test for estimating CYP3A drug induction or inhi-
bition in human[4]. Urinary F must be evaluated in the same
patients as the ratio of 6�-OHF/F minimize the effect of cir-
cadian rhythms. Furuta et al.[5] has provided direct evidence
to suggest that endogenous cortisol 6�-hydroxylation clearance
is an appropriate index for the in vivo CYP3A phenotyping in
humans. Determining the endogenous cortisol 6�-hydroxylation
clearance requires two separate analyses of F in plasma and 6�-
OHF in urine.

The HPLC method we present here is practical and permits
the simultaneous determination of 6�-OHF and F in urine and
plasma. Phenotyping for the CYP3A activity as well as esti-
mating CYP3A drug induction or inhibition can be successfully
performed by the present HPLC method.

In this study, a reversed-phase phenyl column was chosen to
simultaneously analyze 6�-OHF and F in urine as well as F in
plasma, because it produced a good chromatographic behavior.
However, F was not separable from an endogenous interfering
peak on the C18-bonded column. The endogenous interfering
ected from 12 healthy adult volunteers. Urinary excretio
�-OHF and F in the 12 healthy volunteers was 60.9± 20.0
mean± S.D.) �g/24 h and 21.3± 10.4�g/24 h, respectively
he 24-h urinary 6�-OHF/F ratio was 3.54± 2.32. Circadian
ariation in urinary excretion of 6�-OHF and F (�g/h) and thei
atio are displayed inFig. 2. The concentrations of F in morni

able 4
ccuracy and precision for plasma samples

ompound Concentration
Added (ng/ml)

Concentration
found (ng/ml)

Recovery
(%)

R.S.D.
(%)

F

0 62.7± 2.8 – 4.5
15.6 79.2± 4.9 106 6.2
31.25 95.1± 3.0 104 3.2

125 182.6± 5.1 96 2.8

ean± S.D.n = 5.
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substance is probably cortisone, as Furuta et al.[8] had found a
similar interfering peak that has been confirmed as cortisone. F
and cortisone share a similar chemical structure. The only dif-
ference is cortisone has an extra double bond. It is reasonable
that F and cortisone can be separated better on the phenyl col-
umn than on the C18-bonded column, as phenyl phase is more
selective for compounds with double bond. In order to improve
the separation of F and the endogenous substance on the C18-
bonded column, several gradient elution conditions were tested.
However, F and the endogenous substance cannot be separated
completely on the C18-bonded column while a good separa-
tion was easily accomplished on the phenyl column. F and the
endogenous substance may be separable on a C18-bonded col-
umn in a certain condition. However, it seems not possbile to
show a better separation than on a phenyl column considering
the different properties of the two HPLC columns as disscussed
above. Besides, this condition is too stirct to produce the repro-
ducible separation results in different laboratories. As a result,
referring to the measurement of 6�-OHF and F in biological flu-
ids, a reversed-phase phenyl is recommended to produce a good
chromatographic behavior.

The extraction of 6�-OHF and F in urine and plasma was
based on the procedure described by Lykkesfeldt et al.[6] with
minor modification. The procedure consisted of two steps; elu-
tion of the urine or plasma sample with ethyl acetate-diethyl
ether (4:1, v/v) on an Oasis HLB extraction cartridge and sub-
s cidic
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The 24-h urinary 6�-OHF/F ratio was 3.54± 2.32
(mean± S.D.). The ratio presented here is similar or a little
lower than previous published data (4.8± 2.6[7]; 5.5± 1.6[14];
and 3.28± 0.67[15]). The ratio of 6�-OHF/F in the period of
20:00–23:00 was significantly higher than other collection inter-
vals (P < 0.05). The circadian variation in the ratio of 6�-OHF/F
observed in our lab is in general agreement with that observed
by Ohno et al.[16] and Barrett et al.[17]. We find out a parallel
diurnal rhythm in the urinary excretion of 6�-OHF and F, with
the lowest excretion rates observed in the period of 16:00–23:00
for both 6�-OHF and F, in agreement with the results obtained
by Lee[18] and Barrett et al.[17].

This method is sensitive enough for accurate determination
of 6�-OHF and F in human urine samples even at low levels.
Although we did not apply this method to determine F in plasma
samples collected at other time, the low limit of quantitation
for F make this method sensitive enough for analyzing plasma
samples collected at any other time considering the normal range
of F in plasma. 6�-OHF cannot be detected in plasma samples as
the concentration of 6�-OHF in normal human plasma is below
1 ng/ml[19].

5. Conclusions

The present study provides a reliable and practical tech-
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olutions saturated with sodium sulfate. Lykkesfeldt et al[6]
stimated the recoveries of 6�-OHF (70.8%), F (90.6%) and de
methasone (91.6%) as internal standard. Different extra
ecoveries for the individual steroids required the correc
y the relative recoveries in the quantitation. In this study
xtraction recoveries were found to be satisfactory for F and
methasone. However, the extraction caused a significant l
�-OHF. The low extration recovery of 6�-OHF in urine was
robably caused by the relative higher water solubility of�-
HF compared to F and dexamethasone which could res

he significant loss of 6�-OHF in the washing steps of the sa
le preparation. In this study, the quantitations of 6�-OHF and F

hrough the corrections at various concentrations were attai
y using the calibration graphs for which the standard sam

ncluding internal standard in water were extracted accordi
he procedure for the sample preparation. The obtained ca
ion graphs were linear (r > 0.9996) and gave good accuracy
ell as within-day precision.
The chromatographic conditions of all the HPLC meth

escribed previous[6–8] employed a mobile phase contain
hosphate or/and acetate. However, phosphate and aceta
ot necessary in the present study. Elution was performed
27 min gradient of acetonitrile 12–43% in water and it o

roduced negligible drift of the baseline.
The endogenous substance E cannot be confirmed as

one as we lack the cortisone standard. However, the p
PLC method has provide the potential possibility of determ

ng the ratio of F and cortisone in human urine or plasma w
as widely used as a reliable index for evaluating the activi
uman 11�-hydroxysteroid dehydrogenase.
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ique for the simultaneous determination of 6�-hydroxycortiso
nd cortisol in human urine and plasma with good accu
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PLC–UV method described here should be suitable fo
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s 6�-hydroxylation clearance.
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