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Abstract

In this paperp-toluenesulfonyl isocyanate has been reported as a novel derivatization reagent with strong nuclephilic reactivity for the
hydroxyl compounds. The derivatization for the two pharmacologically active 3-hydroxyl metabalitagdBoxyl-7-methyl-norethynodrel
and P-hydroxyl-7-methyl-norethynodrel y-toluenesulfonyl isocyanate can be accomplished in 2 min under room temperature. The offline
derivatization procedure introduced an easily ionizable sulfonylcarbamic ester moiety to the metabolites. This greatly improved the analyte’s
sensitivity in negative electrospray ionization and enabled us to achieve the desired lower limit of quantitation at 100 pg/mlin plasma. Therefore,
a sensitive high performance liquid chromatography-mass spectrometry (HPLC—MS) method for the analysis of the two stereo isomers was
developed. The method had been validated to be accurate, precise, and sensitive, and can be used for the metabolism pharmacokinetic stud
of tibolone in human subjects.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction hydroxyl metabolite (B-hydroxyl-7-methyl-norethynodrel,
Org 30126) binded solely to the estrogen receptd]. The
Tibolone [#&, 17a-7-methyl-17-hydroxyl-19-norpregn-  structures of tibolone and its 3-hydroxyl metabolites have
5(10)-en-20-yn-3-one], also called 7-methyl-norethynodrel been shown ifrig. 1 The merits shown in its clinical profile
or Org OD14, is a synthetic steroid used in the hormonal re- have been thought of as the results of the tissue specific ac-
placement therapy (HRT) for postmenopausal women sincetivity of tibolone and its main metabolitd6,7]. The typical
1985[1]. Clinical data indicate that tibolone produces the oral dose contains 2.5 mg of tibolone per day, and the steady-
hormonal effects needed to treat climacteric symptoms andstate plasma concentrations of the two 3-hydroxyl metabo-
to prevent long-term effects of the menopause without stimu- lites were reported to be in the 0.5-15 ng/ml raf8jeThere-
lating breast and endometrial tiss{28]. Tibolone itself had fore, a sensitive bioanalytical method, capable of quantitat-
weak binding affinities to the human estrogen, progesteroneing 3a-hydroxyl-7-methyl-norethynodrel and3ahydroxyl-
and androgen receptors, while ita-Bydroxyl metabolite 7-methyl-norethynodrel down to the fmol/lrange is needed to
(3a-hydroxyl-7-methyl-norethynodrel, Org 4094) an@-3 effectively evaluate the pharmacokinetic profiles of tibolone
after oral administration.

* Corresponding author. Tel.: +86 21 54237208; fax: +86 21 64707421. 3a-Hydroxyl-7-methyl-norethynodrel andshydroxyl- .
E-mail addressglduan@shmu.edu.cn (G.-L. Duan). 7-methyl-norethynodrel had been reported to be determined
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OH In this paper, we reporteg-toluenesulfonyl isocyanate

as a novel derivatization reagent for hydroxyl compounds.
Using this facile liquid phase derivatization procedure, an
LC-ESI/MS bioanalytical method for the two 3-hydroxyl
metabolites of tibolone was developed and validated to
achieve an LOQ of 100 pg/ml in human plasma.

2. Experimental

Ho ™ 2.1. Chemicals

(©)
Fig. 1. Chemical structure of tibolone (A), ashydroxyl-7-methyl- The standards of dhydroxyl-7-methyl-norethynodrel
norethynodrel (B), B-hydroxyl-7-methyl-norethynodrel (C), and be- ar_]d $-hydroxyl-7-methyl-norethynodrel were bOth sup-
tamethasone (D). plied by NV Organon (Oss, The Netherlands). The internal

standard, betamethasone, was obtained from Shanghai Insti-

tute for Drug Control (Shanghai, Ching)Toluenesulfonyl

isocyanate was purchased from Sigma—Aldrich (Dorset, UK).
by gas chromatography/mass spectrometry in the pharma-HPLC grade methanol and acetonitrile were obtained from
cokinetic study of tibolong8]. After solid phase extraction  Burdick & Jackson (Muskegon, MI, USA). Analytical grade
from plasma samples, the two metabolites were silanized andethyl acetate and ammonia acetate were purchased from SCR
back-extracted by-hexane. LOQ of the method was reported (Shanghai, China).
to be 0.1 ng/ml, while the sample pretreatment procedures,
GC-MS conditions and method validation have not been re-
ported yet.

Liquid chromatography coupled with atmospheric
pressure ionization mass spectrometry (LC-API-MS)
has become the method of choice for bioanalysis for
steroids because of its high sensitivity and selectivity
[9,10]. However, we found that cdhydroxyl-7-methyl-
norethynodrel and @-hydroxyl-7-methyl-norethynodrel
had rather low response using either atmospheric
pressure chemical ionization or electrospray ioniza-
tion due to their very non-polar nature. Chemical
derivatization reagents, such as s-pentafluorophenyl
tris(2,4,6-trimethoxyphenyl)phosphonium acetate bromide,
mono(dimethylaminoethyl)succinyl imidazolide, 2-fluoro-
1-methylpyridinium toluenesulfonate, ferrocenoyl azide,
and 2-sulfobenzoic acid anhydride, have been reported in
literature to improve the ESI-MS intensity of hydroxyl
compounds[11-15] These reagents can effectively im-
prove the sensitivity of neutral analytes in ESI-MS by 2.3. High performance liquid chromatography
introduce either permanently charged moieties or easily
protonated/deprotonated moieties to the analjité} The Agilent 1100 series HPLC sysem (Wilmington, USA)

It is well known that oxygen atom possessed by hydroxyl consisted of an on-line degasser, a binary pump, a column
has a weak nuclephilicity owing to its low electron density. Pox and an autosampler. Seperation was achieved using
Therefore, the derivatization procedures for hydroxyl com- @ Diamonsil™ Cyg column (200 mmx 4.6 mm i.d., 5um)
pounds need either high temperature or long reaction period,from DIKMA (Beijing, China) in combination with a guard
which makes the derivatization not so convenient to be uti- column (Phenomix, USA), and the column temperature was
lized[17,18] Sulfonyl isocyanates are a series of compounds set at 25C. The mobile phase consisted of two eluents, sol-
which have the general formula RSKICO [18]. Owing to vent A (0.2% amiamon actate in water, g/ml) and solvent B
their strong nuclephilic reactivity, the reactions of sulfonyl (methanol). The flow rate was 8p@/min. A linear gradient
isocyanates with hydroxyl compounds can be easily pro- €lution was performed as follows: 0 min, 22% A, 78% B;
ceeded. To our knowledge, the application of sulfonyl iso- 10 min, 100% B; 11-16 min, 22% A, 78% B. The volumn of

cyanates as derivatization reagents in HPLC or HPLC—MS injection onto the column was &0, and the injector syringe
analysis has not been reported. was washed with methanol after each injection.

2.2. Extraction and derivatization

To 1 ml plasma placed in a 15 ml glass tube p4@f be-
tamethasone solution (100 ng/ml) was added. The sample was
extracted with 6 ml ethyl actate for 2 min on a vertex mixer.
After stationary and centrifuged for 5min at 450@, the
organic layer was transferred into another clean tube and
evaporated to dryness under a nitrogen stream with a water
bath (45°C). The residue was redissolved in J0Cacetoni-
trile, and transferred to 1 ml glass vial. To each sample|20
of p-toluenesulfonyl isocyanate solution (1@Bml in ace-
tonitrile) was added followed by vertex-mixing for 2 min at
room-temperature. Another 20 water was added to each
sample to stop the derivatization. After vertex-mixing for
30s, the sample was transferred to J{ICzonical vial for
HPLC-ESI-MS analysis.
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2.4. Mass spectrometry

£
Mg e p C(Sji
. . — + ST s?
The analytes were detected using an Agilent (Wilming- - N NJQO.,‘.

ton, USA) VL single quadrupole mass spectrometer equipped
with an electrospray ionization source operated in the neg-
ative selected ion monitoring (S||\/|) mode. Operating con- Fig. 2. Schematic representation for the chemical derivatizationaef 3
ditions were Optimized by flow injection analysis (FIA) and hydroxyl-7-methyl-norethynodrel by-toluenesulfonyl isocyanate.

were determined as: drying gasyN13 I/min; dring gas tem-

perature, 350C; nebulizer pressure, 40 psi; capillary volt- - the peak—area ratio of metabolite versus betamethasone. The
age, 3000V, fragmentator was set at 130V. The specific concentrations of the two metabolites in plasma samples were

mass range selected to monitor the derivatives of 3-hydroxyl getermined using the linear regression line with a weight of
metabolites and betamethasone were setat 510 (509.7-510.4)x2 of the calibration standard.

8&
Vi

Org 4094 p-Toluenesulfonyl Isocyanate derivative

and 588 (587.7-588.7), respectively. The accuracy of the analytical method was determined by
comparing the concentrations of the two 3-hydroxyl metabo-
2.5. Method validation lites found from plasma through the calibration method to

their spiked concentrations (0.25, 1.0 and 10.0 ng/ml, five
Specificity of the method was evaluated by analyzing SIM replicates at every concentration).
chromatograms of drug-free plasma from six lots of different  Inter-day precision of the method was evaluated by ana-
human plasma. lyzing drug-free plasma to which two metabolites had been
Calibration curves were prepared with drug-free plasma added both at concentrations of 0.25, 1.0 and 10.0 ng/ml in
spiked with 3x-hydroxyl-7-methyl-norethynodrel and@3 five replicates. Intra-day precisions were evaluated over five
hydroxyl-7-methyl-norethynodrel both to cover the concen- different days at concentrations as mentioned above.
tration range from 0.1 to 30.0 ng/ml and with the internal The extraction recoveries of the two metabolites in hu-
standard at the fixed concentration of 4 ng/ml. Calibration man plasma was determined by comparing the peak areas
graphs were obtained by plotting drug concentrations againstof extracted QC samples (at concentrations of 0.25, 1.0 and
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Fig. 3. Full scan mass spectrums of the derivativecoh§droxyl-7-methyl-norethynodrel with-teluenesulfonyl isocyanate by electrospray ionization in (A)
negative mode and (B) positive mode.
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10.0 ng/ml) with the peak areas of recovery samples prepared
by adding compound to post-extraction plasma blanks at the
corresponding QC concentrations.

3. Results discussion
3.1. Derivatization

Our previous attempts to develop an LC-MS assay
for 3a-hydroxyl-7-methyl-norethynodrel and3ahydroxyl-
7-methyl-norethynodrel without derivatization failed. We
found that the two metabolites had practically no response in
negative ionization mode and low response in positive ion-
ization mode using either atmospheric pressure chemical ion-
ization or electrospray ionization. The lowest detection limit
(SN > 3) achieved for the two metabolites in working solution
were both higher than 5 ng/ml by HPLC-ESI/MS. In sight of
the weak ionization of the 19-norpregn core structure of the
metabolites, we tried to introduce a highly ionizatable group
into the molecules using a facile aqueous phase derivatization
reaction.

It is well known that oxygen atom possessed by hy-
droxyl has a weak nuclephilicity owing to its low elec-
tron density. Therefore, the derivatization procedures for hy-
droxyl compounds need either high temperature or long re-
action period, which makes the derivatization not so con-
venient to be utilized17,18] Sulfonyl isocyanates are a
series of compounds with very strong nuclephilic activ-
ity. Owing to the polar sulfonyl group attached to the cu-
mulative double bond system, the reactivity of the iso-
cyanato group toward nucleophilic attack on the center car-
bon atom in sulfonyl isocyanate is vastly enhangedl].
Therefore, the rate of reaction of sulfonyl isocyanates with al-
cohols is extremely fagi9,20] In our study, we found that
the derivatization reaction gf-toluenesulfonyl isocyanate
with 3a-hydroxyl-7-methyl-norethynodrel angahydroxyl-
7-methyl-norethynodrel can be accomplished in 2 min under
room temperature, and generagetbluenesulfonylcarbamic
ester. The derivatization reaction scheme was shown in
Fig. 2 Since sulfonyl isocyanates can react with wa-
ter rapidly and quantitatively to generate sulfonamides
[19], the excess derivative reagent were eliminate by
hydrolysis.

The internal standard betamethasone has three hydroxyls
in its C-11, C-17 and C-22 position, respectively. At first,
we tried to use dexamethasone acetate as the internal stan-

Fig. 4. LC/ESI-MS SIM chromatograms of (A) drug-free plasma sam-
ple, (B) drug-free plasma spiked with 2.5 ng/mk-Bydroxyl-7-methyl-
norethynodrel and @hydroxyl-7-methyl-norethynodrel, and (C) plasma
sample from volunteer with ax3hydroxyl-7-methyl-norethynodrel concen-
tration of 1.68 ng/ml and a@hydroxyl-7-methyl-norethynodrel concen-
tration of 0.69 ng/ml: peaks I-lll refer to the derivatives ef-Bydroxyl-
7-methyl-norethynodrel, @hydroxyl-7-methyl-norethynodrel and be-
tamethasone (IS), respectively.
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dard, which has two hydroxyls in its C-11 and C-17 position. matograms of the drug-free plasma, metabolites standards
However, no chromatographic peak for the derivative of dexa- and drug-free plasma spiked with standards after derivatiza-
methasone acetate withtoluenesulfonyl isocyanate could tion with p-toluenesulfonyl isocyanate have been shown in
be found in either DAD chromatogram or total ion current Fig. 4. No isomerization has been found during our study of
plot of ESI-MS. Further, we found that only one more peak the derivatization.

existed in the chromatogram of derivatized betamethasone A linear calibration curve was constructed using
solution compared with blank derivatization solution. It may the weighed K/X?) regression of the peak area ratio
be related to the tension of the androstane ring that the C-11(3a-hydroxyl-7-methyl-norethynodrel/betamethasone) ver-
and C-17 hydroxyl group in betamethasone and dexametha-sus -hydroxyl-7-methyl-norethynodrel concentration in
sone acetate could not be derivatizedioluenesulfonyl plasma over the range of 0.1-30ng/ml with a correla-

isocyanate easily. tion efficient of 0.998 11=9). It confirmed the equa-
tion y=0.514C — 0.039, wherey refers to the area ra-
3.2. Mass spectrometry analysis tio of 3a-hydroxyl-7-methyl-norethynodrel to betameth-

sone. The calibration curve forB3ahydroxyl-7-methyl-

Under the attractive effects of sulfonyl group and car- norethynodrel in plasma was also linear over the con-
bonyl group, hydrogen atom in imino group possessed by centration range of 0.1-30 ng/ml with a weight kX2,
p-toluenesulfonylcarbamic ester can be easily dissociated.correlation efficient of 0.999 n=9). Its linear regres-
We discovered that the derivatives of the two metabolites hadsion equation way=0.613C — 0.063, wherey refers to
very high intensity both in positive and negative ionization the area ratio of B-hydroxyl-7-methyl-norethynodrel to
mode. Mass spectrums of the derivatives aft8/droxyl- betamethasone.
7-methyl-norethynodrel wittp-toluenesulfonyl isocyanate The lower limit of quantitation (LLQ) of the two 3-
in both positive and negative ionization mode were shown hydroxyl metabolites were both 100 pg/ml of plasma, with
in Fig. 3 Negative ionization mode has been chosen at a signal-to-noiseN) ratio greater than 10. The mean ac-
last since there was lower chemical background in this curacy for LLQ of 3x-hydroxyl-7-methyl-norethynodrel and

mode. 3B-hydroxyl-7-methyl-norethynodrel were 112 and 104%,
as shown inTable 1 The inter- and intra-day preci-
3.3. Method validation sions for LLQ of 3x-hydroxyl-7-methyl-norethynodrel were

10.7 and 13.8%, 9.6 and 11.3% foB-Biydroxyl-7-methyl-

Under described chromatographic conditions, good res- norethynodrel. The overall precision for other QC sam-
olution for the derivatives of the two stereo-isomers ples ranged from 2.8 to 10.0%4ble ). Fig. 5 showed
3a-hydroxyl-7-methyl-norethynodrel and gahydroxyl-7- the limit of detection (LOD) for the method of 20 pg/mi
methyl-norethynodrel was achieved. No endogenous sub-3a-hydroxyl-7-methyl-norethynodrel and gahydroxyl-7-
stances interfered with the detection of the metabolites and in-methyl-norethynodrel in plasma at a signal-to-noiS&)
ternal standard in SIM—MS detection. Other xenobiotics pos- ratio of 3.
sessed a hydroxyl, such as steroids, which may be coextracted The average extraction recovery ofx-Bydroxyl-7-
and derivatized by-toluenesulfonyl isocyanate, would not methyl-norethynodrel in the three concentrations were be-
interfere with the detection of the two metabolites due to tween 70.5 and 79.9%, and the mean extraction recovery
the high specificity of the gradient liquid chromatographic of 3B-hydroxyl-7-methyl-norethynodrel varied from 68.4 to
separation coupled with SIM-MS detection. Typical chro- 72.0%.

Table 1
The precision and accuracy foadydroxyl-7-methyl-norethynodrel an@@shydroxyl-7-methyl-norethynodrel determined by HPLC—ESI/MS
Nominal concentration (ng/ml) Inter-dag € 5) Intra-day (n=5)
Measured concentration % RSD % Accuracy Measured concentration % RSD % accuracy
(ng/ml) (meantS.D.) (ng/ml) (meantS.D.)
3a-Hydroxyl-7-methyl-norethynodrel
0.1 0.112+ 0.012 107 112 0.1164+ 0.016 138 116
0.25 0.240+ 0.015 63 960 0.281+ 0.028 100 112
1.0 0.976+ 0.040 41 97.6 0.916+ 0.044 48 916
10.0 10.3+ 0.3 29 103 9.42+ 0.34 36 942
3B-Hydroxyl-7-methyl-norethynodrel
0.1 0.104+ 0.010 96 104 0.097+ 0.011 113 97.0
0.25 0.240+ 0.018 72 960 0.234+ 0.023 98 936
1.0 0.988+ 0.028 28 988 0.904+ 0.080 88 904
100 10.3+ 0.6 58 103 9.34+ 0.57 61 934

a Qver five different days.
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MSD1 510, EIC=500.7:510.7  API-ES, Neg, SIM, Frag: Var separated and frozen at20°C until analysis. The plasma
concentration-time curves of the two 3-hydroxyl metabolites
8007 over 18 h were presentedig. 6. Following administration
700 to the subject, the two metabolites both reach peak concen-
600+ trations in blood at 1.5 h, while stereo-selectivity presented
500 3 in peak concentrations and area under the curves GAYC
400 of 3a-hydroxyl-7-methyl-norethynodrel andahydroxyl-
200 7-methyl-norethynodrel, 7.11ng/ml versus 2.34ng/ml of
(A) . s T T T T s T T T T T peak concentration anq 7.09 ng h/ml versus 2.36ng h/m_I of
AUCo_7. A full metabolism pharmacokinetic study by this
_MSD1 510, EIC=509.7:510.7  API-ES, Neg, SIM, Frag: Var validated method of tibolone in female human volunteers is
I currently under way in order to evaluate the stereo-selectivity
12007 o presented in the metabolism in vivo.
1000
800
600 5. Conclusions
4004 :
: : : : p-Teluenesulfonyl isocyanate has been developed as a
(B) 4 5 6 7 min novel derivatization reagent for hydroxyl compounds in

this study. The derivatization reaction can be accomplished
ple and (B) LOD samples (20 pg/ml): peaks | and Il refer to the deriva- In 2min unde.r room telfn.perature \.NlthOUt the existence of
tives of 3x-hydroxyl-7-methyl-norethynodrel and3shydroxyl-7-methyl- Catalyse' A h'ghly sensitive analytlcal method for the two
norethynodrel, respectively. pharmacologically active 3-hydroxyl metabolites of tibolone
in human plasma was developed using LC-ESI/MS af-
ter derivatization byp-toluenesulfonyl isocyanate. The use
4. Pharmacokinetic application of chemical derivatization greatly improved analyte’s sen-
sitivity in electrospray ionization, which in turn enabled
To evaluate the application of the proposed method in s to achieve the desired lower limit of quantitation at
pharmacokinetic studies, a Chinese female human volun-100 pg/ml.p-Toluenesulfonyl isocyanate has been demon-

teer of 36 years old with a body weight of 56 kg was se- strated to be an attractive derivative reagent for hydroxyl
lected after giving written informed consent and having nor- compounds.

mal biochemical parameters. A Liviatablet (containing ti-

bolone 2.5 mg) was administered to the subject with 200 ml
of warm water, and blood samples were obtained from an
antecubetal vein prior to dosing and at 0.5, 1.0, 1.5, 2.0, Acknowledgements
2.5, 3.0, 4.0, 6.0, 8.0, 12.0, and 18.0h after dosing were
placed in heparinized tubes. The samples were immediately
centrifuged at 3000 rpm for 15 min, and the plasmas were

Fig. 5. LC/ESI-MS SIM chromatograms of (A) drug-free plasma sam-

The authors express their thanks to Professor Shao-Fen
Zhang (Department of Gynecology, The Obstetrics and Gy-
necology Hospital, Medical Center of Fudan University) and
her group for their help in subject selection, drug administra-

o —e— 3a- hydroxyl metalbolite tion, blood sampling and medical ward.

—— 3B-hydroxyl metabolite

References

[1] P. Albertazzi, R. di Micco, E. Zanardi, Maturitas 30 (1998) 295.
[2] I. Valdivial, D. Ortega, Clin. Drug Invest. 20 (2000) 101.
[3] E. Lundstbm, A. Christow, W. Kersemaekers, G. Svane, E. Azavedo,

G. Sderqgvist, M.A. Mirjam, J. Barkfeldt, B. von Schoultz, Am. J.
A Obstet. Gynecol. 186 (2002) 717.
0 N N , [4] G.W. Sandker, R.M.E. Vos, L.P.C. Delbressine, M.J.H. Slooff, D.K.F.

Meijer, G.M.M. Groothuis, Xenobiotica 24 (1994) 143.

Concentration (ng/mL)
(4]
R

0 5 10 " 2 [5] W.G.E.J. Schoonen, G. Deckers, M.E. de Gooyer, R. de Ries, H.J.
Time (hr) Kloosterboer, J. Steroid Biochem. Mol. Biol. 74 (2000) 213.
[6] H.J. Kloosterboer, J. Steroid Biochem. Mol. Biol. 76 (2001) 231.
Fig. 6. Plasma concentration versus time profile of theh$droxyl-7- [7] S. Palacios, Maturitas 37 (2001) 159.
methyl-norethynodrel and@3hydroxyl-7-methyl-norethynodrel in a Chi- [8] C.J. Timmer, H.A.M. Verheul, D.P. Doorstam, Br. J. Clin. Pharmacol.

nese female volunteer dosed orally (0.25 mg) with tibolone. 54 (2002) 101.



M. Zuo et al. / J. Chromatogr. B 814 (2005) 331-337 337

[9] K. Shimada, K. Mitamura, T. Higashi, J. Chromatogr. A 935 (2001) [15] A. Bagree, |.K. Sharma, K.C. Gupta, C.K. Narang, A.K. Saund, N.K.

141. Mathur, FEBS Lett. 120 (1980) 275.
[10] W.F. Smyth, Anal. Chim. Acta 492 (2003) 1. [16] T. Higashi, K. Shimada, Anal. Bioanal. Chem. 378 (2004) 875.
[11] J.M.E. Quirke, C.L. Adams, G.J. van Berkel, Anal. Chem. 66 (1994) [17] H. Lingeman, W.J. Underberg, Detection-Oriented Derivatization

1302. Techniques in Liquid Chromatography, Marcel Dekker, New York,
[12] G.J. van Berkel, J.M.E. Quirke, R.A. Tigani, A.S. Dilley, T.Row&y, 1990.

Anal. Chem. 70 (1998) 1544. [18] G. Lunn, L.C. Hellwig, Handbook of Derivatization Reactions for
[13] S.J. Barry, R.M. Carr, S.J. Lane, W.J. Leavens, C.O. Manning, S. HPLC, Wiley, New York, 1998.

Monte, I. Waterhouse, Rapid Commun. Mass Spectrom. 17 (2003) [19] H. Ulrich, Chem. Rev. 65 (1965) 369.

484. [20] N. Onodera, Kogyo Kagaku Zasshi. 65 (1962) 790;
[14] D.W. Johnson, H.J. ten Brink, C.J. Jakobs, Lipid Res. 42 (2001) N. Onodera, Chem. Abstr. 57 (1962) 17933.

1699.



	p-Toluenesulfonyl isocyanate as a novel derivatization reagent to enhance the electrospray ionization and its application in the determination of two stereo isomers of 3-hydroxyl-7-methyl-norethynodrel in plasma
	Introduction
	Experimental
	Chemicals
	Extraction and derivatization
	High performance liquid chromatography
	Mass spectrometry
	Method validation

	Results discussion
	Derivatization
	Mass spectrometry analysis
	Method validation

	Pharmacokinetic application
	Conclusions
	Acknowledgements
	References


