Available online at www.sciencedirect.com
JOURNAL OF
S(HENCE@DIRECT’ PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

. s
ELSEVIER Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 341-350

www.elsevier.com/locate/jpba

Determination of corticosteroids in tissue samples by liquid
chromatography—tandem mass spectrometry

Yuko Ronquist-Nii*, Per Olof Edlund

Preclinical R& D, Biovitrum AB, Lindhagensgatan 133, SE-11276 Stockholm, Sweden

Received 15 June 2004; received in revised form 21 October 2004; accepted 26 October 2004
Available online 16 December 2004

Abstract

A liquid chromatography—tandem mass spectrometry (LC—MS/MS) method for determination of corticosterone and 11-dehydrocorti-
costerone (11-DHC) levels in KKAmouse liver and adipose tissue, and hydrocortisone and cortisone levels in human adipose tissue has been
developed. The corticosteroids were extracted from liver tissue with methanol/water and ethyl acetate for adipose tissue samples. Corticosterone
and 11-DHC were separated with a methanol gradient and hydrocortisone and cortisone with an acetonitrile gradient containing trifluoroacetic
acid on a reversed-phase column within 15 min. The corticosteroids were detected after electrospray ionization in positive mode with multiple
reaction monitoring (MRM). The limits of quantification (LOQ) were estimated to be 15 nmol/kg liver and 1.6 nmol/kg adipose tissue for
corticosterone and 5.4 nmol/kg liver and 0.92 nmol/kg adipose tissue for 11-DHC. The LOQ was estimated to be 0.2 nmol/kg adipose tissue for
hydrocortisone and 0.4 nmol/kg adipose tissue for cortisone. The limits of detection (LOD) at 3 times S/N were estimated to be 0.07 nmol/kg
adipose tissue for hydrocortisone 0.1 nmol/kg adipose tissue for cortisone. The variation of endogenous levelsois&Xrom different
animals (CV%) was high with mean liver tissue levels of #1725 (S.D.) nmol/kg for corticosterone and £219 (S.D.) nmol/kg for 11-DHC
(n=5) and adipose tissue levels of 320 (S.D.) nmol/kg for corticosterone and 2.9 (S.D.) nmol/kg for 11-DHCr(=9). Endogenous
levels in human biopsy samples from adipose tissue wete7L2 (S.D.) nmol/kg for hydrocortisone and 3:4..6 (S.D.) nmol/kg for cortisone
(n=16). The new LC-MS/MS methods showed sufficient sensitivity and selectivity for determination of endogenous levels of corticosteroids
in both KKAY mouse liver and adipose tissue samples and human adipose tissue samples. The selectivity of the methods was verified by
analysis of two different product-ions from each analyte.
© 2004 Published by Elsevier B.V.
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1. Introduction type 2 diabete$3,4]. Therefore, we investigated the levels

of endogenous corticosterone and 11-DHC in the target
Generally 1B-hydroxysteroid dehydrogenasel @1  tissues, liver and adipose tissues from the KKaice. In

HSD1) is thought to generate active glucocorticoid addition, there is an interestin determination of endogenous

(corticosterone/hydrocortisone) from its inactive counterpart hydrocortisone and cortisone in human adipose tissue after

11-DHC/cortisone[1]. Ricketts et al. have described the administration of 18-HSD inhibitors.

localization of 1B-HSD1 within human liver, adrenal, Traditionally, corticosteroids have been determined

ovary, deciduas and adipose tis§@f The hyperglycaemia by fluorimetry [5], radioimmunoassay (RIA}6], HPLC

and hyperphagia of the KKAmouse appear to depend on with ultraviolet absorption detection (HPLC-UV]7,8]

glucocorticoids. KKA mouse has been used as a model for and gas chromatography—mass spectrometry (GC-MS)
[9-11]. RIA offers high sensitivity and is used routinely but

* Corresponding author. Tel.: +46 8 697 2553; fax: +46 8 697 3205, LNe€re is uncertainty in the selectivity of such assgg.
E-mail addressyuko.ronquist-nii@biovitrum.com (Y. &quist-Ni). Steroid hormones have been determined in muscle tissue
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samples by GC-MS that required derivatisation prior to gas 2.3. Homogenization of tissue samples

chromatography9]. LC—-MS/MS has become the mainstay

bioanalytical technique since sample preparation can be Tissue samples (liver and adipose) from KK/ouse
simplified without derivatisation, shorter chromatographic were frozen in liquid nitrogen and stored-af0°C. A piece

run time compared to GC and high sensitiit3]. LC—MS of frozen mouse liver was weighed and homogenized by an
offers advantages for determination of corticosteroids that Ultra-Turrax homogenizer in methanol (MeOH)/Milli-Q wa-
are difficult to derivatize for GC—MS analysis and for de- ter (7:2, v/v) solution (5 ml/g liver) containing internal stan-
termination of conjugated steroids (e.g., steroid sulfates anddard (50 nM cortisone) and adipose tissue was homogenized
glucuronides]14—-16] It can also be useful for compounds, in ethyl acetate (5ml/g adipose tissue) containing internal
which are less amenable for separation by [&4. Several standard (5 nM cortisone). Both liver and adipose tissue ho-
ionization techniques for LC-MS operating at atmospheric mogenates were stored a20°C. Human adipose tissue
pressure (APl) have been used for steroids including samples were frozen and stored-at0°C. A piece of frozen
electrospray ionization (ESI-MSJ17-19] atmospheric human adipose tissue was weighed and homogenized in ethyl
pressure chemical ionization (APJN5,20-22]and most acetate (5 ml/g adipose tissue) containing internal standard
recently atmospheric pressure photoionization (ARE3]. (10nM hydrocortisone 9,11,12,12-D4). The samples were
The choice of ionization technique is both compound- and not thawed before homogenization with organic solvent to
instrument-dependent. The present work describes simpleprevent further enzyme activity. Adipose tissue homogenates
extraction procedures for the determination of corticosteroids were stored at-20°C.

in 0.1g liver or 0.2g adipose tissue together with instru-
mental conditions for selective and sensitive determination
of corticosteroids. Validation of recovery, ion suppression,
limit of quantification and selectivity are discussed.

2.4. Preparation of standards

Stock solutions of corticosteroids (corticosterone, 11-
DHC, cortisone and hydrocortisone) were prepared in meth-
anol. These stock solutions were diluted further with 25 or
50% MeOH (v/v) to make working solutions and stored at
—20°C. Aliquots of working solutions were spiked into ma-
trices (pooled KKA mouse liver homogenate, pooled KKA
mouse adipose homogenate and pooled human adipose tissue
homogenate) to prepare calibration standards.

2. Materials and methods
2.1. Chemicals

Corticosterone (4-pregnenef,21-diol-3,20-dione), 11-
dehydrocorticosterone  (4-pregnen-21-o0l-3,11,20-trione),
cortisone (4-pregnene-d&721-diol-3,11,20-trione) and hy-
drocortisone (1/,17«,21-trihydroxypregn-4-ene-3,20-  2.5. Sample preparation
dione) from (Sigma-Aldrich, Schnelldorf, Germany) and
deuterium-labelled hydrocortisone (9,11,12,12-D4) from Half a milliliter of the KKAY mouse liver homogenate was
Cambridge Isotope Laboratories, Massachusetts, USA, wereshaken by a shaker model Mixer 5432 during 15 minina 1.5-
used. ml polypropylene tube (Eppendorf) and then centrifuged for

Ammonia solution 25% pro analysi (Merck, Darmstadt, 6 min at 20,200« g. An aliquot of 10Qul supernatant was
Germany), ethyl acetate pro analysi (Merck, Darmstadt, Ger- transferred to an HPLC vial containing 1@0of 0.02% TFA
many), formic acid 98-100% pro analysi (Merck, Darm- in water and then 50l of the sample was injected into the
stadt, Germany), methanol (MeOH) LiChrosBlgradient LC-MS/MS system.
grade for liquid chromatography (Merck, Darmstadt, Ger- One milliliter of the KKAY mouse adipose and/or human
many), acetonitrile HPCL far UV (Labscan Dublin, Ire- adipose homogenate was shaken in a 1.5 ml tube by a shaker
land), Milli-Q water, reagent grade deionised water (Milli-Q model Mixer 5432 during 15min and then centrifuged for
Plus: Millipore, Massachusetts, USA}heptane 95% HPLC 6 min at 20,200« g. The organic phase was transferred to
(Lab-Scan, Dublin, Ireland) and trifluoroacetic acid Uv&sol a new glass tube and evaporated by nitrogen gas &€40
for spectroscopy (Merck, Darmstadt, Germany) were to dryness. One milliliter heptane and 1 ml MeOH/water

used. (7:2, vIv) solution was added and the tube was shaken by
a shaker model IKA-Vibrax-VXR at 200 rpm during 15 min
2.2. Tissue samples and then centrifuged at 2,060g for 10 min. The heptane

phase containing triglycerides was aspirated to waste. The
KKAY mouse samples, frozen liver and adipose tissue MeOH/water phase was evaporated by nitrogen gas &40
samples from untreated animals and frozen human subcu-to dryness and the residue was solved withubfhethanol.
taneous adipose tissue were used for the determination ofThen 15Qul of 0.02% TFA in water (v/v) was added and the
endogenous levels of corticosterone/11-DHC and hydrocor- tube was centrifuged at 2,060g for 10 min. One hundred
tisone/cortisone and verification of the selectivity of the meth- microliters of the sample was injected into the LC-MS/MS
ods. system.
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The spiked liver and adipose tissue homogenate standardsolvent 1 (1% ammonia in methanol, v/v) and solvent 2 (1%

were treated in the same way as the samples.

2.6. Instrumentation

The apparatus used were: homogenizer Ultra-Turrax T25
(Janker Kunkel Staufen, Germany), shakers Mixer 5432 (Ep-
pendorf, Hamburg, Germany) and Typ VX2 and IKA-Vibrax-
VXR (Janker Kunkel Staufen, Germany), centrifuges 5417R
(Eppendorf, Hamburg, Germany) and GS-6R (Beckman, Cal-
ifornia, USA) and evaporator TurboVap LV (Zymark, Mas-
sachusetts, USA).

The HPLC system consisted of a HTS PAL auto-
injector (CTC Analytics AG, Zwingen, Switzerland) and
Hewlett Packard series 1100 LC-pumps (Agilent Technolo-
gies, Wilmington, DE, USA). A small molecule macrotrap,
3 x 8mm (Michrom BioResources, California, USA) was
coupled to the autoinjector six-port valve instead of a loop to
concentrate and clean the sample.

The mass spectrometer was a Micromass Ultima Pt (Mi-
cromass, Manchester, UK) with a 4.0 version of MassLynx
software.

2.7. Chromatography

Chromatographic separation for KKAnouse liver and
adipose tissue samples were performed onuarbSymme-
try C8, 2.1x 150 mm column (Waters, Massachusetts, USA).
Mobile phase (A): 0.02% TFA in Milli-Q water (v/v) and
mobile phase (B): 0.02% TFA in methanol (v/v) were used
for elution. The gradient was from 50 to 70% (B) during
10 min, followed by 70 to 100% (B) during 0.5 min, contin-
ued for a minute at 100% (B) and then back to 50% (B) dur-
ing 0.5 min followed by re-equilibration during 3 min with a
flow rate of 0.3 ml/min. Human adipose tissue samples were
separated on a pm Luna C18(2), 2.6 150 mm column
(Phenomenex, California, USA) with mobile phases consist-
ing of (A): 0.02% TFA in Milli-Q water (v/v) and mobile
phase (B): 0.02% TFA in acetonitrile (v/v). The gradient
was from 25 to 40% (B) during 10 min followed by 40 to
100% (B) during 0.5min continued during 1 min at 100%
(B). Then back to 30% (B) during 0.5 min followed by re-
equilibration for 4 min. The autosampler was washed with

Table 1
MRM transitions for analyte and IS

formic acid in Milli-Q water, v/v). The injection volumes
were 50ul for liver samples and 10@I for adipose samples,
respectively. The macrotrap column was washed with 0.25 ml
of 1% formic acid in Milli-Q water before the valve was
switched.

2.8. MS/MS

Detection was achieved by electrospray in positive ion
mode with multiple reaction monitoring (MRM) for the tran-
sitions:m/z347— 121 for corticosterone, 345 121 for 11-
DHC and 361~ 163 for cortisone, 363> 121 for hydrocor-
tisone and 367> 349 for hydrocortisone (9,11,12,12-D4).
Operating conditions were optimized by flow injection anal-
ysis. Two different product-ions were used to verify the selec-
tivity for determination of corticosterone, 11-DHC, cortisone
and hydrocortisone as shownTable 1 The column effluent
was diverted to the ion source from 3.5 to 10 min with the aid
of a switching valve housed on the mass spectrometer.

2.9. Calculation

Spiked matrices were used for the calibration curves and
unknown sample concentrations were calculated from the
slope of peak area ratios of the corticosteroids and inter-
nal standard using a weighted least-square linear regression
(weighting factor 1/concentration). Samples were homoge-
nized in organic solvent using 5ml/g liver and 5ml/g adi-
pose, respectively. One gram of matrix was assumed to be
1 ml. The concentration (nM) of unknown samples was de-
termined from the calibration curve and then multiplied with
the dilution factor 6 to get the concentration in the matrix
(nmol/kg).

The concentration was calculated according to

Concentration (nM)

__peak areas ratio of the corticosterdil
N slope

Concentration (hmgkg matrix) = concentration (nM)

x dilution factor

Analyte Precursor iom{/2) Product ionsiv2) Cone voltage (V) Collision energy (eV)
Corticosterone 347 121 60 25

311 60 16
11-Dehydrocorticosterone 345 121 60 23

242 60 32
Hydrocortisone 363 121 35 18

327 35 15
Cortisone 361 163 35 25

121 35 25
Hydrocortisone (9,11,12,12-D4) 367 349 35 15
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3. Results and discussion
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3.1. Selectivity

verify the selectivity Table J). Detection was achieved by

tensity for cone voltages between 35 and 60 V. Collision-

induced dissociation (CID) mass spectra of corticosterone
(collision energy 16 and 25eV), 11-DHC (collision en-
ergy 23 and 32 eV), hydrocortisone (collision energy 15 and
Two different product-ions were used for quantification 18eV) and cortisone (collision energy 25eV) are shown
of corticosterone, 11-DHC, hydrocortisone and cortisone to in Fig. la—d. It is desirable to use isotope-labelled inter-

nal standards.

However, only deuterium labelled hydrocor-

electrospray (positive ion mode) with multiple reaction mon- tisone was commercially available. Cortisone was used as

itoring (MRM). There was no significant difference in in-

internal standard for determination of corticosterone and

OH [M+H]* OH
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Fig. 1. Collision-induced dissociation (CID) mass spectra of (a) corticosterone in positive mode electrospray (cone voltage 60V and cajysairi 6 eaf

above and 25 eV below), (b) 11-DHC in positive mode electrospray (cone voltage 60 V and collision energy of 23 eV above and 32 eV below), (c) hyerocortiso

in positive mode electrospray (cone voltage 35V and collision energy of 15eV above and 18 eV below), (d) cortisone in positive mode electrospray (cone
voltage 35V and collision energy of 25 eV) and (e) hydrocortisone (9,11,12,12-D4) in positive mode electrospray (cone voltage 35V and caodfistn ener

15eV).
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Table 2
Verification of the selectivity for quantification of corticosteroids in mouse liver, mouse adipose tissue and human adipose tissue samplesrhgmeasur
the concentration ratios determined from two MS/MS transitions

Matrix Number €) Corticosterone 11-DHC Hydrocortisone Cortisone
347>121/347>311 345>121/345>242 363>121/363>327  361>163/361>121
meant S.D. meant S.D. meant S.D. meant S.D.

Mouse liver 8 0.88:0.067 1.14+0.11 - -

Mouse adipose 9 180.038 1.1+0.11 - -

Human adipose 12 - - 160.078 0.9+ 0.079

11-DHC in KKAY mouse tissue samples, since this com- 577

pound had similar chemical properties compared to the an- d 1S /\ 361>163

alytes. Deuterium-labelled hydrocortisone (9,11,12,12-D4) 338

was used for determination of both hydrocortisone and cor- % Corticosterone [\ 347>311

]

onse

tisone in human adipose tissue samples. The recovery of

the internal standards during sample preparation was sim- £ i CorlicosteronM>3 .
ilar compared to the analytes and no ion suppression was & 6] : :
detected for none of the analytes or internal standards. The 0 6.13

internal standard (hydrocortisone (9,11,12,12-D4)) was de- 6] 11-DHC /N 345>242
tected by the transition 36%349 (seeFig. 1e) instead of 6.18

367—121, due to interference at the transition 36I21 “;‘,j} 11-DHC /) 3455121
from human adipose tissue. The product-iomat121 orig- OTTTI0 s00 600 700 800 900 1000m
inates from the A-ring of the steroids as discussed in de-

tail by Williams et al. who used stable isotope labelling to Fig. 3. Typical chromatogram from a KKAadipose tissue sample mon-
elucidate the fragmentation mechanisms for CID of testos- itored with two different product-ions, for_corticosterontﬁ 68.38min,
terone and testosterone anald@4)]. Similar concentrations ~ 37:21mol/kg), 11-DHC1 6.13 and 6.18 min, 2.76 nmol/kg) and I (
of analytes were obtained using calibration curves with both >-77min).

product-ions in KKA mouse liver, adipose tissue and hu- . :

man adipose tissue samples. The concentration ratios de-3'2' Linearity
termined from the two transitions were close to unity in

KKAY mouse liver, adipose and human adipose tissue sam- Aliquots of working solutions of corticosteroids were

ples as shown ifable 2 which indicates that the method added |r:to matlrlc(:jeliégooled KI%MOUS(E liver ::ssue ho-t
was selective for those compounds. Typical chromatogramsmogena €, poole mouse adipose issue homogenate

from KKAY mouse liver and adipose tissue extracts moni- or pqoled human adiposg tissge homogenate) to brepare cal-
tored with two product-ions for detection of corticosterone |prat|on_standards. The !lnearlty of the method was inves-
and 11-DHC are shown iffigs. 2 and 3 Typical chro- tigated in the concentration ranges of 60—1200 nmol/kg for

y i i _
matograms from a human adipose tissue extract are shown iA<KA mouse I'V?r tissue sample, 6-600 nmol/kg for KKA
Fig. 4 mouse adipose tissue sample and 1.2—-180 nmol/kg for human

adipose tissue sample. The intercept was due to endogenous

6.83
5.47 100
o IS 367>349
100 3 3 e
%] [Sjkk 61>16 J . K
0 i 6.88
cortis 363>3
I(m] Corticosterone 7.9 347>311 ﬂ Hydrocortisene /\L AR
% rkJ\\_ 2 )
0 =]
5] 6.85
u 7.96 £ 100 -
élqp] Corticosterone 7121 é 0{'\1 Hydrocortisone 363>121
LR 100 1.27
5.88 q‘] Cortisone j’\ 361>163
19})] 11-DHC N\ 345242 0
0 724 3615121
"é‘)] i Cortisone ,f\
4
100 11-DHC R 3455121 T - . POV W
Ff’:] 7 4.00 5.00 6.00 7.00 8.00 9.00 10.00
: 4.00 5.00 6.00 7.00 8.00 9.00 1000

Fig. 4. Typical chromatogram from human biopsy sample from adipose
Fig. 2. Typical chromatogram from pooled KRAnouse liver tissue sample tissue monitored with two different product-ions, for cortisofpe?.24 and
monitored with two different product-ions, for corticosterotig 7.96 min, 7.27 min, 4.5 nmol/kg), hydrocortisong(6.85 and 6.88 min, 17 nmol/kg)
122 nmol/kg), 11-DHCtg 5.88 min, 64.7 nmol/kg) and IS 5.47 min). and |.S. {r 6.83 min).
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Table 3
Typical calibration curves for determination of corticosteroids in Kiouse liver, KKA mouse adipose tissue and human adipose tissue samples (corticos-
terone 347>121, 11-DHC 345> 121, hydrocortisone 363> 121 and cortisone 361 >163)

Matrix Corticosteroids Range (nmol/kg) Calibration curve slope r2 Intercept
Mouse liver Corticosterone 60-1200 1.179 0.9990 0.0254
Mouse liver 11-DHC 60-1200 2.319 0.9996 0.0284
Mouse adipose Corticosterone 3.0-300 0.542 0.9641 8.510
Mouse adipose 11-DHC 3.0-300 0.974 0.9987 1.185
Mouse adipose Corticosterone 6.0-600 1.103 0.9985 6.705
Mouse adipose 11-DHC 6.0-600 2.652 0.9996 1.174
Human adipose Hydrocortisone 0.6-1200 6.787 0.9993 2.863
Human adipose Cortisone 0.6-1200 6.443 0.9955 0.142
Human adipose Hydrocortisone 1.2-180 8.409 0.9981 4.558
Human adipose Cortisone 1.2-180 5.118 0.9996 0.174

levels of the analytes in the pooled homogenized matrices.for corticosterone, 93% for 11-DHC and 91% for IS. The re-
For KKAY mouse liver tissue sample, the coefficient of de- coveries from human adipose tissue homogenate were 100%
termination ¢2), using a weighting factor (1/concentration), (30 nmol/kg), 92% (60 nmol/kg) and 89% (180 nmol/kg)
was 0.9990 for corticosterone and 0.9996 for 11-DHC. For for hydrocortisone, 95% (30 nmol/kg), 88% (60 nmol/kg)
KKAY mouse adipose tissue samplertheras 0.9985forcor-  and 86% (180 nmol/kg) for cortisone and 87% for IS
ticosterone and 0.9996 for 11-DHC. The calibration curves (60 nmol/kg).

for human adipose tissue sample showed thatas 0.9981 The slopes of the calibration curves with internal standard
for hydrocortisone and 0.9996 for cortisori@ble 3. from the different matrices, KKA mouse liver tissue ho-

At another occasions the linearity of the methods was mogenate versus MeOH/water, KKAnouse adipose tissue
investigated in the concentration range of analytes in homogenate versus ethyl acetate and human adipose tissue
KKAY mouse adipose matrix 3.0-300 nmol/kg and in human homogenate versus ethyl acetate, were compared. The slope
adipose matrix 0.6—1200 nmol/kg. The calibration curves ratios were close to 1 as shownTable 4
showed that the? was 0.9641 for corticosterone, 0.9987 for
11-DHC, 0.9993 for hydrocortisone and 0.9955 for cortisone

(Table 3. 3.4. Limit of quantitation (LOQ) and limit of detection

(LOD)

3.3. Recovery A 10nM (corticosterone and 11-DHC) solvent standard,

The recoveries were determined from tissue homogenateWh'.Ch corresponded to 60 nmol_/kg liver, was extractgd as de-
scribed under sample preparation. The signal to noise (S/N)

and spiked tissue homogenates. was calculated from the ratio between analyte peak signal
Tissue homogenates were mixed with standard solutions yie p 9

ofthe corticosteroids and extracted as described undersampl]é0 base line and peak-to-peak noise signal. The S/N was 12

preparation. Tissue extracts were prepared and a portion o S?;ﬁg::g?gﬂ?gne \?v%?cﬁi;?rreilzjaggd gneixrggﬁli m;éim(\)/lse
the final extracts were mixed with standard solutions of the ’ . P . g adip
corticosteroids. tissue, gave an S/N ratio of 11 for corticosterone and 20 for

The absolute recovery was calculated from the peak areasél'lDHC' The L.O Ds at an S/N ratio of 3 were.est|mated to
according to e 5nmol/kg liver and 1.6 nmol/kg adipose tissue for' cor-
ticosterone and 5.4 nmol/kg liver and 0.92 nmol/kg adipose
tissue for 11-DHC.

When human adipose tissue homogenate was spiked with
astandard solution (1.2 nmol/kg adipose tissue) the S/N ratios
were 65 for hydrocortisone and 24 for cortisone. A solvent
standard 0.2nM (hydrocortisone and cortisone), which cor-
responded to 1.2 nmol/kg adipose tissue, was extracted as de-
scribed under sample preparation. The S/N was 54 for hydro-
cortisone and 33 for cortisone. The LOQs of the method at an
S/N ratio of 10 were estimated to 0.2 nmol/kg adipose tissue
The absolute recoveries from spiked KKAouse liver ho- for hydrocortisone 0.4 nmol/kg adipose tissue for cortisone.
mogenate (300 nmol/kg) were 96% for corticosterone, 100% The LODs at 3 times S/N were estimated to be 0.07 nmol/kg
for 11-DHC and 100% for IS. The recoveries from spiked adipose tissue for hydrocortisone 0.1 nmol/kg adipose tissue
KKAY mouse adipose homogenate (30 nmol/kg) were 99% for cortisone.

Absolute recovery (%) liver tissue

spiked in homogenate —homogenate

=100x ————
spiked in supernatant—homogenate

Absolute recovery (%) adipose tissue

spiked in homogenate —homogenate

= 100 - —
x spiked in final extract—homogenate
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Table 4

Comparison of calibration curve slopes with internal standard, from different matrices

Matrix Corticosteroids Calibration curve Slope Slope ratio r2 Intercept

range (nmol/kg) (homogenate/solvent)

Mouse liver Corticosterone 60-1200 .746 0.9982 441

MeOH/water Corticosterone 60-1200 483 0.9996 —0.0006
Corticosterone 1.18

Mouse liver 11-DHC 60-1200 .388 0.9981 ®813

MeOH/water 11-DHC 60-1200 .248 0.9999 —0.0006
11-DHC 1.15

Mouse adipose Corticosterone 6.0-600 .lon 0.9984 7763

Ethyl acetate Corticosterone 6.0-600 1726 0.9975 (B69
Corticosterone 0.936

Mouse adipose 11-DHC 6.0-600 682 0.9996 unza

Ethyl acetate 11-DHC 6.0-600 .23 0.9980 o511
11-DHC 0.974

Human adipose Hydrocortisone 0.15-75 987 0.9998 358

Ethyl acetate Hydrocortisone 0.075-75 .84 0.9998 @00
Hydrocortisone 1.23

Human adipose Cortisone 0.075-75 9B 0.9964 as2

Ethyl acetate Cortisone 0.15-75 .180 0.9975 —0.018
Cortisone 141 0.9996

The present method was developed on a Micromass Ul- 3.6 to 4.1 for hydrocortisone and from 4.8 to 8.1 for cortisone.
tima Pt mass spectrometer where electrospray ionization gaver he intra-assay accuracy values (% bias) were frofrD to
better sensitivity compared to APCI. Addition of TFA to the 3.3 for hydrocortisone and from13 to 2.0 for cortisone
mobile phase improved the sensitivity for ESI compared to (Table §. The inter-assay values (% bias) were fretd.5 to
other acidifying agents like formic acid. The choice ofioniza- —6.4 for hydrocortisone and from2.4 to—9.5 for cortisone.
tion technique is instrument-dependent and needs to be opti-
mized for each model and ion-source construction. Recently 3 g v/ariation of endogenous level between
developed photoionisation at atmospheric pressure appear t%nimals/subjects
be an attractive alternative for ionization for steroids.

Four KKAY mouse liver samples, 9 KKAmouse adipose
tissue samples and 17 human adipose tissue samples were
used for determination of endogenous steroid levels.

Six separate sample preparations of one batch of KKA The mean endogenous levels of corticosteroids in KKA
mouse liver tissue homogenate and one batch of adipose tismouse tissue samples were: mouse liver values o125
sue homogenate containing IS were analyzed on each occafS.D.) nmol/kg for corticosterone and 6219 (S.D.) nmol/kg
sion. CV values were calculated from the analyzed concen-for 11-DHC (Table § and mouse adipose tissue values
tration (nmol/kg) and ratio of concentration (corticosterone/ of 39+ 20 (S.D.) nmol/kg for corticosterone and 2:4€.9
11-DHC). The CVs for determination of liver samples were (S.D.) nmol/kg for 11-DHC Table 7). Some of the 11-DHC
3.0% for corticosterone, 1.6% for 11-DHC and 4.7% for the levels were over the limit of detection but under the limit of
concentration ratio. The CVs for analysis of adipose samplesquantification.
were 11% for corticosterone, 15% for 11-DHC and 9.4% for =~ The mean endogenous levels of corticosteroids in human
the concentrations ratiodble §. The precision (% CV)  subcutaneous adipose tissue weretI20 (S.D.) nmol/kg
and accuracy (% bias) for determination of human adipose for hydrocortisone and 38 1.6 (S.D.) nmol/kg for cortisone
tissue samples were evaluated from three batches of spikedTable §.
human adipose tissue homogenate. Some pieces of frozen The results showed that the individual variations be-
human subcutaneous adipose tissues were homogenized itween animals/subjects of endogenous levels of corticos-
ethyl acetate containing IS and then pooled. Aliquots of work- teroids were high.
ing solutions were spiked into the homogenate. The concen-
trations added to the pooled homogenate were 0, 12.6 and3 7. |on suppression
120 nmol/kg adipose tissue for hydrocortisone and 2.4, 12.6
and 120 nmol/kg adipose tissue for cortisone. The intra-assay  Similar peak areas of analytes were obtained from spiked
precision (% CV) varied from 1.7 to 5.2 for hydrocortisone KKAY mouse liver and adipose homogenate compared to sol-
and from 1.9 to 4.2 for cortisonddble 5. The inter-assay  vents standards. Consequently ion suppression was not sig-
precisions (% CV) between six different occasions were from nificant.

3.5. Precision and accuracy
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Table 5
Intra-assay precision and bias for determination of corticosteroids ink@duse liver and adipose tissue homogenates and human adipose tissue homogenate
Matrix Spiked conc. (nmol/kg) Number (n) Corticosteroids Mean (nmol/kg) SD CV% Bias%
Mouse liver 0 6 Corticosterone (MRM 347 >121) 123 3.73 .03 -
0 6 11-DHC (MRM 345>121) 3 1.14 157 -
6 Ratio, corticosterone/11-DHC i 0.08 47
Mouse adipose 0 6 Corticosterone (MRM 347 >121) .945 4.81 105 -
0 6 11-DHC (MRM 345>121) B3 0.43 12 -
6 Ratio, corticosterone/11-DHC 16 1.5 49
Human adipose 0 6 Hydrocortisone (MRM 363 >121) 12 0.141 515 -
+2.4 6 Cortisone (MRM 361 >163) .26 0.06 268 —-129
Human adipose +18 6 Hydrocortisone (MRM 363 >121) 1% 0.524 A1 -3.97
+126 6 Cortisone (MRM 361> 163) 11 0.493 421 —7.94
Human adipose +120 6 Hydrocortisone (MRM 363 >121) 124 213 721 333
+120 6 Cortisone (MRM 361 >163) 123 2.37 .93 200

The accuracy was calculated according to: Bias (%) =X 0@ean value of the back-calculated concentration/nominal concentration val0€)

Table 6

Endogenous levels of corticosterone and 11-DHC in Ki#ouse liver tissue from different individuals

Samples from untreated animal Corticosterone (nmol/kg) 11-DHC (nmol/kg) Corticosterone/11-DHC ratio
Pool homogenate 122 64.8 91
ID1 152 77.4 2
ID 2 101 49.1

ID3 86.4 36.2 24
ID5 122 80.4

Mean 117 61.6 D
S.D. 248 18.8 03
% CV 212 30.5 150

of analytes from matrices were used for the calculation of the
recovery.
The absolute recoveries were calculated according to

Post-column addition of analyte was used to study ion
suppression effects from a human adipose samplep®M5
d4-hydrocortisone standard solution was added post-column
at 10pl/min to a T-coupling with the aid of an infusion pump  Ethy acetate matrix effect (%3 100— 100
equipped with a0.25 ml syringe. No ion suppression occurred
at the retention times of the corticosteroids. X —

A standard solution was spiked in matrices to investigate ~ SPiked in 25% MeOH @2% TFA
ion suppression effects. Fifteen microliters of a solution of
0.5puM IS, 0.1uM hydrocortisone and 0IM cortisonewas ~ Homogenate matrix effect (%3 100— 100
spiked in 135.I matrix (homogenate extract, ethyl acetate ex- spiked in extract—homogenate extract
tract or MeOH/0.02% TFA (25:75, v/v)). The area responses X spiked in 25% MeOH 02% TFA

spiked in extract

Table 7

Endogenous levels of corticosterone and 11-DHC in Kiouse adipose tissue from different individuals

Samples from untreated animal Corticosterone (nmol/kg) 11-DHC (nmol/kg) Corticosterone/11-DHC ratio
ID2 20.2 506 40
ID3 29.3 124 24p
ID4 375 276 14
ID5 334 232 14
ID6 56.0 342 16
ID7 19.3 219 88
ID8 49.6 277 18
ID9 14.2 0882 16°

ID 10 73.4 346 21
Mean 39.1 238 165
S.D. 19.7 094 465
% CV 50.4 395 282

2 The concentration was under limit of quantification.
b Ratio was not significant because of uncertain 11-DHC level.
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Table 8

Endogenous levels of hydrocortisone and cortisone in human adipose tissue from different individuals

Sample Hydrocortisone (nmol/kg) Cortisone (nmol/kg) Hydrocortisone/cortisone ratio
1 33 <LLOQ? -
2 4.7 15 31
3 49 15 33
4 17 45 38
5 5.7 17 34
6 4.8 18 27
7 22 71 31
8 6.2 16 39
9 17 26 6.5
10 21 31 6.8
11 19 30 6.3
12 12 25 4.8
13 18 49 37
14 72 15 4.8
15 24 31 7.7
16 13 28 4.6
17 11 51 22
n 17 16 16
Mean 124 3.0 4.4
S.D. 701 162 164
% CV 565 540 373

aThe measured value is 1.1 nmol/kg. It was estimated by extrapolation of standard curve below the LLOQ, 1.2 nmol/kg.

The matrix effects of human adipose tissue homogenate ex-liver and adipose tissue from KKAnice and hydrocortisone
tract were 16% (hydrocortisone), 13% (cortisone) and 14% and cortisone in adipose tissue from humans but the variation
(IS) and for an ethyl acetate extract; 9.6% (hydrocortisone), between animals/subjects was high.
11% (cortisone) and 5.4% (IS).

Consequently ion suppressions were not significant for
human adipose matrix. Acknowledgements
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