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Abstract

This study describes an high-performance liquid chromatographic (HPLC)-UV method for the simultaneous determiratigdiahé/cortisol
(6B-OHF) and cortisol (F) in human urine and plasma. The within-day relative standard deviation of the three concentrations for both analytes
was less than 6.2%. Accuracy determined at three concentrations ranged between 95 and 107%. The extraction recoveries &8rart¥.1
88.1+ 2.4% at three concentrations fgB-@HF and F in urine, respectively. The extraction recoveries wered88.4% at three concentrations
for F in plasma. This is the first HPLC method that can simultaneously deterrgi@- and F in human urine and plasma and is suitable for
routine assessment of the CYP3A activity expresse@dsy@iroxylation clearance.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction performance liquid chromatographic (HPLC) with U@-8]
and fluorescence detectif8], gas chromatography—mass spec-
Cytochrome P450 3A (CYP3A) enzyme catalyzes thefC-6 trometry (GC-MS)[10], and liquid chromatography—tandem
oxidation of cortisol (F) to form B-hydroxycortisol (-OHF).  mass spectrometry (LC-MS—-M$)1]. Separate detection of
The metabolite B-OHF is then excreted as an unconjugated6B-OHF and F has been performed by radioimmunoassay (RIA)
form in urine [1-3]. The urinary excretion ratio of B [12], enzyme-linked immunosorbentassay (ELISJAR]. The
hydroxycortisol to cortisol (B-OHF/F) is a good test to evaluate immunochemical techniques are highly sensitive, but they lack
drug-metabolising enzyme inducing or inhibiting properties ofselectivity for 8-OHF and F due to cross-reactivity of the
drugs when the subjects are their own contfé]sThe endoge- antibodies, resulting in higher concentration @-6HF and
nous cortisol B-hydroxylation clearance, calculated from the F. Although the selectivity and sensitivity offered by GC-MS
amount of urinary excreted38OHF divided by the area under and LC-MS-MS should allow for the accurate determination
the plasma concentration—time curve (AUC) of cortisol can beof 68-OHF and F in urine, the use of these techniques is
used as a reliable index for the in vivo CYP3A phenotydblg  generally limited for the routine analysis due mainly to the
Calculation of @-hydroxylation clearance requires two separateinstrumental availability. HPLC with fluorescence detection has
analysis of F in plasma an@®80OHF in urine. provided the desired selectivity and sensitivity but the exten-
Various methods for the simultaneous determinationfsf 6 sive sample clean up, muti-step derivatization procedure, as
OHF and F in urine have been described, such as highwell as time-consuming chromatography, limits its efficiency
and capacity. Previous published HPLC-UV methods generally
offer higher selectivity and sensitivity in measurirgr®HF and
* Corresponding author. Tel.: +86 731 2650446; fax: +86 731 2650446,  F» Ut the results are not often reproducible in different labora-
E-mail address: 13327219281@hn165.com (Z. Cheng). tories as endogenous cortisone may interference the detection
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of cortisol when the separation was achieved on a C18 bondeti3. Recovery

column. There is no published HPLC method so far that can

simultaneously determineB6OHF and F in human urine and To 2ml (0.5ml) of solutions containing known amounts

plasma. of 6B-OHF (27.5, 110, and 440ng/ml) and F (7.8, 31.25,
In the present study, we describe a sensitive and reproducibnd 125 ng/ml) in distilled water was added 0.2ml (0.1 ml)

HPLC method for simultaneous determination 8f6@HF and  of the solution containing known amounts of dexametha-

F in human urine and plasma. This method was designed to lmone (2000 ng/ml) in distilled water. Five samples of each

using for the characterization of polymorphic CYP3A phenotypeconcentration were prepared. The samples were then carried

expressed ag¥Bhydroxylation clearance. through the sample preparation procedure described above.
The recoveries were calculated by comparing the peak-area

2. Experimental of these compounds between before and after the extraction
procedures.

2.1. Chemicals and reagents
2.4. Calibration graphs

Cortisol, 8-hydroxycortisol and dexamethasone (DM) were
purchased from Sigma (St. Louis, Missouri, USA) and were To 2ml (0.5 ml) of solutions containing known amounts of
of at least 98% purity. Acetonitrile and methanol were of lig- 68-OHF (6.9, 13.75, 27.5, 55, 110, 220, 440, and 880 ng/ml)
uid chromatographic grade obtained commercially (Tedia comand F (1.95, 3.9, 7.8, 15.6, 31.25, 62.5, 125, and 250 ng/ml)
pany, OH, USA). All other chemicals and solvents were ofin distilled water was added 0.2ml (0.1 ml) of the solution
analytical-reagent grade and were used without further purifieontaining known amounts of dexamethasone (2000 ng/ml) in
cation. 8-OHF was reconstituted as 0.044 mg/ml solutionsdistilled water. The samples were then carried through the
in methanol. F and DM were reconstituted as 1 mg/ml solusample preparation procedure described above. Peak areas
tions in methanol. All the stock solutions were stored atof 6B-OHF, F and dexamethasone were measured. The cali-

—20°C. bration graphs were obtained by an unweighed least-squares
linear fitting of the peak-area ratios versus the concentra-

2.2. High-performance liquid chromatography (HPLC) tion of 68-OHF and F on each analysis of the standard
mixtures.

2.2.1. HPLC conditions

A Shimadzu 2010CHT high-performance liquid chromatog-2.5. Accuracy and precision
raphy with an SPD-M10A photodiode array detector was used
(Shimadzu, Kyoto, Japan). The separations were performed on The analytical accuracy and precision were examined by
a Inertsil PH-3 fum (250 mmx 4.6 mm i.d.) (GL Scineces, adding known amounts ofsOHF (55, 110, and 440 ng/ml)
Tokyo, Japan), monitored by UV absorbance at 245nm andnd F (15.6, 31.25, and 125 ng/ml) to urine samples contain-
operated at 1.0 ml/min using the following gradient of solventing known amounts of endogenou3-®HF (80.7 ng/ml) and F
mixtures acetonitrile (A) and water (B). The stepwise gradien{13.5 ng/ml). The analytical accuracy and precision were also
elution program was: 12-43% A (linear) at 0—27 min. Twelveexamined by adding known amounts of F (15.6, 31.25, and
percent A at 27-35min. The column temperature was maini25ng/ml) to plasma samples containing known amounts of

tained at 40C. endogenous F (62.7 ng/ml). For intra-day assay precision, five
samples of each concentration were assayed on the same day.
2.2.2. Sample preparations for HPLC The day-to-day inter-assay precision was not examined in this

To 2.0 ml of human urine (0.5 ml plasma) was added 0.2 mktudy.
(0.1 ml) of the solution containing known amounts of dexam-
ethasone (2000 ng/ml) in distilled water, as internal standard.6. Clinical sample collection
The urine or plasma samples were applied to an Oasis HLB
extraction Cartridges (Waters Corporation, Milford, MA, USA)  Twelve healthy adult volunteers (six of the volunteers are
that had been pretreated with 1 ml methanol and balanced wittemale) participated in this study. The protocol for the present
1ml distilled water. The cartridges was washed with 3 ml ofstudy was approved by the ethics committee of School of Phar-
distilled water and then eluted with a solution of ethyl acetateimaceutical Sciences, Central South University. All volunteers
diethyl ether (4:1, v/v; 5 ml). Two milliliters of 1 M NaOH satu- gave their written informed consent to participate in the study.
rated with sodium sulfate was added to the organic extract, ando individual was receiving any medication. Blood samples
vortex-mixed for 1 min. After centrifuging, 2.0 ml of 1.0% acetic (5 ml) were obtained at 08:00 AM. The heparinized blood was
acid saturated with sodium sulfate was added to the organicollected in glass tubes and centrifuged. The urine samples
extract, and vortex-mix for 1 min. The organic extract was evapwere collected at five different time intervals during a 24-h
oratedto dryness at 5€ under a stream of nitrogen. The residue period: 08:00-12:00, 12:00-16:00, 16:00-20:00, 20:00-23:00,
was reconstituted in a solution of acetonitrile-water (1:4,v/v;and 23:00-08:00. The volume of the urine samples was noted.
100pl). A 40 pl aliquot of the solution was injected to HPLC. The plasma and urine samples were stored241°C until anal-
Peaks of B-OHF, F and dexamethasone were measured. ysis.



240

Table 1

Extraction recoveries of ®OHF, F and dexamethasone for urine samples

(2.0ml)
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Compound

Concentration (ng/ml)

Recovery (%)

68-OHF 275
110
440

F 7.8
31.25
125

60.A44.0
62.6-3.4
69.0+-3.8

85.4£4.5
89.43.2
89.2:3.9

6.6
5.4
5.5

5.3
3.6
4.4

my Standard sample (phenyl column)

04

6BOHF

DM

Dexamethasone 200 8%443.0 3.4

Mean+ S.D.n=5.

3. Results
3.1. Chromatography

Separation of B-OHF and F were examined by using two
types of reversed-phase columns by gradient elute with water
and acetonitrile. Typical chromatograms are showifrign 1
A single peak of 8-OHF and F were obtained on a reversed-
phase phenyl columri~{g. 1b—d). 8-OHF cannot be detected
in human plasmakKjg. 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. le).

3.2. Extraction recovery

6B3-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 (me#&rs.D.) were determined
at three different concentrations of®HF (27.5, 110, and
440 ng/ml) and F (7.8, 31.25, and 125 ng/ml) in water. Extrac-
tion recoveries were also determined at a fixed concentration
(200 ng/ml) of the internal standard (dexamethasone). Results
are displayed ifables 1 and 2

3.3. Calibration graphs

A good correlation was found between the observed peak-
area ratios4) and the theoretical concentratiofi)(

Table 2
Extraction recoveries of F and dexamethasone for plasma samples (0.5 ml)

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

my Morning plasma sample (phenyl column)

T
5

10

(a)

T
15

20

min

10.0

7.5

5.0

6BOHF
T

DM

my Morning urine sample (phenyl column)

T

5

T

10

(b)

T

15

min

20+

154

107

54

o

6BOHF

myV Afternoon urine sample (phenyl column)

5

10

(©)

15

20

25 .
min

5.0

2.5

ool

6BOHF

DM

m

T

10

@

15

v Morning urine sample (C18 column)

20

min

50

404

304

204

6BOHF

10

(e)

Is

20

25 .
min

F 7.8 87.4+ 4.9
31.25 88.6+ 3.7
125 90.2+ 2.8

Dexamethasone 200 88193.2

5.6
4.2
3.1

3.6

Mean+ S.D.n=5.

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}-@HF: 63-hydroxycortisol. F: cortisol; DM:
dexamethasone; and E: endogenous substance (probably cortisone).
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Table 3
Accuracy and precision for urine samples 5- - ——F
Compound Concentration Concentration  Recovery  R.S.D. (%) —&— 63-OHF
Added (ng/ml)  found (ng/ml) (%) %; 44
68-OHF 0 80.7+27 - 33 ‘i;'
55 137.5+ 8.3 103 6.0 £ 31
110 184.7+ 6.1 95 33 )
440 548.0+ 26.3 106 4.8 > 21 |
F 0 135+07 - 5.2 £
15.6 30.2+ 1.7 107 5.6 = 14
31.25 435+ 1.1 96 25
125 139.5+ 4.2 101 3.0 0 . . ‘
Mean+ S.D.n =5. 8-12 12-16 16-20 20-23 23-8
(a) Clock time
3.3.1. Calibration graphs for urine samples 157
Unweighed least-squares regression analysis gave typical
regression linesC=320.34 — 6.505 ¢=0.9996) for @-OHF o
andC=214.824 — 2.1343 ¢=0.9999) for F. The low limit of E 104
quantitation (LOQ) was 6.9 ng/ml foFBOHF and 2 ng/ml for =
F, respectively. 3
3 5
3.3.2. Calibration graphs for plasma samples
Unweighed least-squares regression analysis gave typical
regression linesC=215.124 — 2.3808 ¢=0.9999) for F. The 0
low limit of quantitation (LOQ) was 7.8 ng/ml for F. §-12 12-16 16-20 20-23 23-8
(b) Clock time

3.4. Accuracy and precision Fig. 2. Circadian variation in urinary excretion g8 €HF and F (a) and their

ratio and ®-OHF/F (b). The result is shown as the mea8.D. of 12 healthy

The data for the validation of the within-day precision areVolunteers.
presented iMables 3 and 4The results show low relative stan-
dard deviation even for low levels of36OHF and F. Accuracy
expressed as the ratio of compound added to that measuredpsma samples of the 12 volunteers ranged between 48.8 and
also displayed iffables 3 and 4The results indicate that the con- 151.6 ng/ml (87.9 35.4).
centration of §-OHF and F determined are in good agreement
with the actual concentration added. 4. Discussion
3.5. Application of this method The measurement ofBOHF excretions has to be considered
as a useful test for estimating CYP3A drug induction or inhi-

We applied this method to the plasma and urine samples cobition in human[4]. Urinary F must be evaluated in the same
lected from 12 healthy adult volunteers. Urinary excretion ofpatients as the ratio oflSOHF/F minimize the effect of cir-
6p-OHF and F in the 12 healthy volunteers was 6820.0  cadian rhythms. Furuta et 6] has provided direct evidence
(meantS.D.) ng/24h and 21.3 10.4pg/24 h, respectively. to suggest that endogenous cortispitydroxylation clearance
The 24-h urinary B-OHF/F ratio was 3.542.32. Circadian s an appropriate index for the in vivo CYP3A phenotyping in
variation in urinary excretion of@OHF and F (1g/h) and their  humans. Determining the endogenous cortigeh§droxylation
ratio are displayed iftig. 2 The concentrations of F in morning clearance requires two separate analyses of F in plasmaand 6
OHF in urine.

The HPLC method we present here is practical and permits
the simultaneous determination g3-®©HF and F in urine and
plasma. Phenotyping for the CYP3A activity as well as esti-

Table 4
Accuracy and precision for plasma samples

Compound  Concentration ~ Concentration ~ Recovery ~ R.S.D. mating CYP3A drug induction or inhibition can be successfully
Added (ng/ml)  found (ng/ml) (%) (%) performed by the present HPLC method.
0 627+ 28 - 45 In this study, a reversed-phase phenyl column was chosen to
15.6 79.2+ 4.9 106 6.2 simultaneously analyze6OHF and F in urine as well as F in
F : . .
31.25 95.1+ 3.0 104 3.2 plasma, because it produced a good chromatographic behavior.
125 182.6+ 5.1 96 2.8

Mean+ S.D.n=5.

However, F was not separable from an endogenous interfering
peak on the C18-bonded column. The endogenous interfering
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substance is probably cortisone, as Furuta §8hhad found a The 24-h urinary B-OHF/F ratio was 3.542.32
similar interfering peak that has been confirmed as cortisone. fneant S.D.). The ratio presented here is similar or a little
and cortisone share a similar chemical structure. The only diflower than previous published data (4-8.6[7]; 5.5+ 1.6[14];
ference is cortisone has an extra double bond. It is reasonabéed 3.28t 0.67[15]). The ratio of @-OHF/F in the period of
that F and cortisone can be separated better on the phenyl c@0:00-23:00 was significantly higher than other collection inter-
umn than on the C18-bonded column, as phenyl phase is moxals (P <0.05). The circadian variation in the ratio -@HF/F
selective for compounds with double bond. In order to improveobserved in our lab is in general agreement with that observed
the separation of F and the endogenous substance on the C8+Ohno et al[16] and Barrett et a[17]. We find out a parallel
bonded column, several gradient elution conditions were testediurnal rhythm in the urinary excretion oBeOHF and F, with
However, F and the endogenous substance cannot be separatiee lowest excretion rates observed in the period of 16:00-23:00
completely on the C18-bonded column while a good separafor both 3-OHF and F, in agreement with the results obtained
tion was easily accomplished on the phenyl column. F and thby Lee[18] and Barrett et al17].
endogenous substance may be separable on a C18-bonded col-This method is sensitive enough for accurate determination
umn in a certain condition. However, it seems not possbile tof 68-OHF and F in human urine samples even at low levels.
show a better separation than on a phenyl column consideringlthough we did not apply this method to determine F in plasma
the different properties of the two HPLC columns as disscussesamples collected at other time, the low limit of quantitation
above. Besides, this condition is too stirct to produce the reprdfor F make this method sensitive enough for analyzing plasma
ducible separation results in different laboratories. As a resulsamples collected at any other time considering the normal range
referring to the measurement @¢®HF and F in biological flu-  of F in plasma. 8-OHF cannot be detected in plasma samples as
ids, a reversed-phase phenyl is recommended to produce a gotbed concentration of OHF in normal human plasma is below
chromatographic behavior. 1 ng/mi[19].

The extraction of 8-OHF and F in urine and plasma was
based on the procedure described by Lykkesfeldt ¢hwith 5. Conclusions
minor modification. The procedure consisted of two steps; elu-

tion of the urine or plasma sample with ethyl acetate-diethyl The present Study provides a reliable and practica| tech-
ether (4:1, v/v) on an Oasis HLB extraction cartridge and subnique for the simultaneous determination gfBydroxycortisol
sequent wash of the organic extracts with alkaline and acidignd cortisol in human urine and plasma with good accuracy
solutions saturated with sodium sulfate. Lykkesfeldt e{@l.  and precision, using dexamethasone as internal standard. The
estimated the recoveries ¢360HF (70.8%), F (90.6%) and dex- HPLC-UV method described here should be suitable for the

amethasone (91.6%) as internal standard. Different extractiogharacterization of polymorphic CYP3A phenotype expressed
recoveries for the individual steroids required the correctiongs @-hydroxylation clearance.
by the relative recoveries in the quantitation. In this study, the
extraction recoveries were found to be satisfactory for F and de’S&cknowledgement
amethasone. However, the extraction caused a significant loss of
6B-OHF. The low extration recovery ofsOHF in urine was This work was supported by the Health department of Hunan
probably caused by the relative higher water solubility Bf 6 prqyince.
OHF compared to F and dexamethasone which could result in
the significant loss of OHF in the washing steps of the sam-
ple preparation. In this study, the quantitations@f®HF and F
through the Corrgctio_ns atvarious conc_entrations were attainablﬁ] A.G. Frantz, F.H. Katz, J.W. Jailer, J. Clin. Endocrinol. Metab. 21 (1961)
by using the calibration graphs for which the standard samples ~ 1290
including internal standard in water were extracted according to[2] C. Ged, J.M. Rouillon, L. Pichard, J. Combalbert, N. Bressot, P. Bories,
the procedure for the sample preparation. The obtained calibra- H. Michel, P. Beaune, P. Maurel, Br. J. Clin. Pharmacol. 28 (1989) 373.
tion graphs were linear ¢ 0.9996) and gave good accuracy as 14 i:égf”égeht(‘igé S)'Jg'ﬂRing' P.B. Watkins, M. Vandenbranden, Mol. Phar-
well as within-day precision. [4] M.M. Galteau, F. Shama, Eur. J. Clin. Pharmacol. 59 (2003) 713.

The chromatographic conditions of all the HPLC methods (5] T. Furuta, A. Suzuki, C. Mori, H. Shibasaki, A. Yokokawa, Y. Kasuya,
described previou—8] employed a mobile phase containing Drug. Metab. Dispos. 31 (2003) 1283.
phosphate or/and acetate. However, phosphate and acetate wdégJ- Lykkesfeldt, S. Loft, H.E. Poulsen, J. Chromatogr. B. 660 (1994) 23.
not necessary in the present study. Elution was performed witt] E- Rouits, M. Boisdron-Celle, E. Gamelin, J. Chromatogr. B. 793 (2003)
a 27 min gradient of acetonitrile 12—-43% in water and it only 8] T. F.uruta, C. Mori, A. Suzuki, H. Shibasaki, A. Yokokawa, Y. Kasuya,
produced negligible drift of the baseline. J. Chromatogr. B. 801 (2004) 165.

The endogenous substance E cannot be confirmed as corti9] S. Inoue, M. Inokuma, T. Harada, Y. Shibutani, T. Yoshitake, B. Charles,
sone as we lack the cortisone standard. However, the present J. Ishida, M. Yamaguchi, J. Chromatogr. B. 661 (1994) 15.
HPLC method has provide the potential possibility of determin.1°] (Tzlo'f)lé)r)UtﬁgN' Eguchi, H. Shibasaki, Y. Kasuya, J. Chromatogr. B. 738
ing the. ratio of F and COI’?[iSOI’l? in human urine_or plasma_whiCTll] C. Tang, K-. Kassahum, |.S. Mcintosh, J. Brunner, A.D. Rodrigues, J.
was widely used as areliable index for evaluating the activity of ~ chromatogr. B. 742 (2000) 303.
human 1B-hydroxysteroid dehydrogenase. [12] C. Lee, D.E. Goeger, Clin. Biochem. 31 (1998) 229.
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