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In this paper,p-toluenesulfonyl isocyanate has been reported as a novel derivatization reagent with strong nuclephilic reactivi
ydroxyl compounds. The derivatization for the two pharmacologically active 3-hydroxyl metabolites, 3�-hydroxyl-7-methyl-norethynodr
nd 3�-hydroxyl-7-methyl-norethynodrel byp-toluenesulfonyl isocyanate can be accomplished in 2 min under room temperature. Th
erivatization procedure introduced an easily ionizable sulfonylcarbamic ester moiety to the metabolites. This greatly improved th
ensitivity in negative electrospray ionization and enabled us to achieve the desired lower limit of quantitation at 100 pg/ml in plasma.
sensitive high performance liquid chromatography-mass spectrometry (HPLC–MS) method for the analysis of the two stereo is
eveloped. The method had been validated to be accurate, precise, and sensitive, and can be used for the metabolism pharmac
f tibolone in human subjects.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Tibolone [7�, 17�-7-methyl-17-hydroxyl-19-norpregn-
(10)-en-20-yn-3-one], also called 7-methyl-norethynodrel
r Org OD14, is a synthetic steroid used in the hormonal re-
lacement therapy (HRT) for postmenopausal women since
985 [1]. Clinical data indicate that tibolone produces the
ormonal effects needed to treat climacteric symptoms and

o prevent long-term effects of the menopause without stimu-
ating breast and endometrial tissues[2,3]. Tibolone itself had
eak binding affinities to the human estrogen, progesterone
nd androgen receptors, while its 3�-hydroxyl metabolite
3�-hydroxyl-7-methyl-norethynodrel, Org 4094) and 3�-

∗ Corresponding author. Tel.: +86 21 54237208; fax: +86 21 64707421.
E-mail address:glduan@shmu.edu.cn (G.-L. Duan).

hydroxyl metabolite (3�-hydroxyl-7-methyl-norethynodre
Org 30126) binded solely to the estrogen receptor[4,5]. The
structures of tibolone and its 3-hydroxyl metabolites h
been shown inFig. 1. The merits shown in its clinical profi
have been thought of as the results of the tissue specifi
tivity of tibolone and its main metabolites[6,7]. The typica
oral dose contains 2.5 mg of tibolone per day, and the ste
state plasma concentrations of the two 3-hydroxyl met
lites were reported to be in the 0.5–15 ng/ml range[8]. There-
fore, a sensitive bioanalytical method, capable of quan
ing 3�-hydroxyl-7-methyl-norethynodrel and 3�-hydroxyl-
7-methyl-norethynodrel down to the fmol/l range is neede
effectively evaluate the pharmacokinetic profiles of tibol
after oral administration.

3�-Hydroxyl-7-methyl-norethynodrel and 3�-hydroxyl-
7-methyl-norethynodrel had been reported to be determ

570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structure of tibolone (A), 3�-hydroxyl-7-methyl-
norethynodrel (B), 3�-hydroxyl-7-methyl-norethynodrel (C), and be-
tamethasone (D).

by gas chromatography/mass spectrometry in the pharma-
cokinetic study of tibolone[8]. After solid phase extraction
from plasma samples, the two metabolites were silanized and
back-extracted byn-hexane. LOQ of the method was reported
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 3�-hydroxyl-7-methyl-
norethynodrel and 3�-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
introduce either permanently charged moieties or easily
p
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In this paper, we reportedp-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

2.1. Chemicals

The standards of 3�-hydroxyl-7-methyl-norethynodrel
and 3�-hydroxyl-7-methyl-norethynodrel were both sup-
plied by NV Organon (Oss, The Netherlands). The internal
standard, betamethasone, was obtained from Shanghai Insti-
tute for Drug Control (Shanghai, China).p-Toluenesulfonyl
isocyanate was purchased from Sigma–Aldrich (Dorset, UK).
HPLC grade methanol and acetonitrile were obtained from
Burdick & Jackson (Muskegon, MI, USA). Analytical grade
ethyl acetate and ammonia acetate were purchased from SCR
(Shanghai, China).

2.2. Extraction and derivatization
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rotonated/deprotonated moieties to the analytes[16].
It is well known that oxygen atom possessed by hydr

as a weak nuclephilicity owing to its low electron dens
herefore, the derivatization procedures for hydroxyl c
ounds need either high temperature or long reaction pe
hich makes the derivatization not so convenient to be

ized[17,18]. Sulfonyl isocyanates are a series of compou
hich have the general formula RSO2NCO [18]. Owing to

heir strong nuclephilic reactivity, the reactions of sulfo
socyanates with hydroxyl compounds can be easily
eeded. To our knowledge, the application of sulfonyl
yanates as derivatization reagents in HPLC or HPLC
nalysis has not been reported.
To 1 ml plasma placed in a 15 ml glass tube, 40�l of be-
amethasone solution (100 ng/ml) was added. The samp
xtracted with 6 ml ethyl actate for 2 min on a vertex mi
fter stationary and centrifuged for 5 min at 4500×g, the
rganic layer was transferred into another clean tube
vaporated to dryness under a nitrogen stream with a
ath (45◦C). The residue was redissolved in 100�l acetoni-

rile, and transferred to 1 ml glass vial. To each sample, 2�l
f p-toluenesulfonyl isocyanate solution (100�l/ml in ace-

onitrile) was added followed by vertex-mixing for 2 min
oom-temperature. Another 20�l water was added to ea
ample to stop the derivatization. After vertex-mixing
0 s, the sample was transferred to 100-�l conical vial for
PLC–ESI-MS analysis.

.3. High performance liquid chromatography

The Agilent 1100 series HPLC sysem (Wilmington, US
onsisted of an on-line degasser, a binary pump, a co
ox and an autosampler. Seperation was achieved
DiamonsilTM C18 column (200 mm× 4.6 mm i.d., 5�m)

rom DIKMA (Beijing, China) in combination with a gua
olumn (Phenomix, USA), and the column temperature
et at 25◦C. The mobile phase consisted of two eluents,
ent A (0.2% amiamon actate in water, g/ml) and solve
methanol). The flow rate was 800�l/min. A linear gradien
lution was performed as follows: 0 min, 22% A, 78%
0 min, 100% B; 11–16 min, 22% A, 78% B. The volumn

njection onto the column was 80�l, and the injector syring
as washed with methanol after each injection.
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2.4. Mass spectrometry

The analytes were detected using an Agilent (Wilming-
ton, USA) VL single quadrupole mass spectrometer equipped
with an electrospray ionization source operated in the neg-
ative selected ion monitoring (SIM) mode. Operating con-
ditions were optimized by flow injection analysis (FIA) and
were determined as: drying gas (N2), 13 l/min; dring gas tem-
perature, 350◦C; nebulizer pressure, 40 psi; capillary volt-
age, 3000 V; fragmentator was set at 130 V. The specific
mass range selected to monitor the derivatives of 3-hydroxyl
metabolites and betamethasone were set at 510 (509.7–510.7)
and 588 (587.7–588.7), respectively.

2.5. Method validation

Specificity of the method was evaluated by analyzing SIM
chromatograms of drug-free plasma from six lots of different
human plasma.

Calibration curves were prepared with drug-free plasma
spiked with 3�-hydroxyl-7-methyl-norethynodrel and 3�-
hydroxyl-7-methyl-norethynodrel both to cover the concen-
tration range from 0.1 to 30.0 ng/ml and with the internal
standard at the fixed concentration of 4 ng/ml. Calibration
graphs were obtained by plotting drug concentrations against

Fig. 2. Schematic representation for the chemical derivatization of 3�-
hydroxyl-7-methyl-norethynodrel byp-toluenesulfonyl isocyanate.

the peak–area ratio of metabolite versus betamethasone. The
concentrations of the two metabolites in plasma samples were
determined using the linear regression line with a weight of
k/X2 of the calibration standard.

The accuracy of the analytical method was determined by
comparing the concentrations of the two 3-hydroxyl metabo-
lites found from plasma through the calibration method to
their spiked concentrations (0.25, 1.0 and 10.0 ng/ml, five
replicates at every concentration).

Inter-day precision of the method was evaluated by ana-
lyzing drug-free plasma to which two metabolites had been
added both at concentrations of 0.25, 1.0 and 10.0 ng/ml in
five replicates. Intra-day precisions were evaluated over five
different days at concentrations as mentioned above.

The extraction recoveries of the two metabolites in hu-
man plasma was determined by comparing the peak areas
of extracted QC samples (at concentrations of 0.25, 1.0 and

F
n

ig. 3. Full scan mass spectrums of the derivative of 3�-hydroxyl-7-methyl-noret
egative mode and (B) positive mode.
hynodrel withp-teluenesulfonyl isocyanate by electrospray ionization in (A)
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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 3�-hydroxyl-7-methyl-norethynodrel and 3�-hydroxyl-
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
(S/N> 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-
d g re-
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roxyl compounds need either high temperature or lon
ction period, which makes the derivatization not so
enient to be utilized[17,18]. Sulfonyl isocyanates are
eries of compounds with very strong nuclephilic ac
ty. Owing to the polar sulfonyl group attached to the

ulative double bond system, the reactivity of the
yanato group toward nucleophilic attack on the center
on atom in sulfonyl isocyanate is vastly enhanced[19].
herefore, the rate of reaction of sulfonyl isocyanates wit
ohols is extremely fast[19,20]. In our study, we found tha
he derivatization reaction ofp-toluenesulfonyl isocyana
ith 3�-hydroxyl-7-methyl-norethynodrel and 3�-hydroxyl-
-methyl-norethynodrel can be accomplished in 2 min u
oom temperature, and generatedp-toluenesulfonylcarbam
ster. The derivatization reaction scheme was show
ig. 2. Since sulfonyl isocyanates can react with

er rapidly and quantitatively to generate sulfonam
19], the excess derivative reagent were eliminate
ydrolysis.

The internal standard betamethasone has three hyd
n its C-11, C-17 and C-22 position, respectively. At fi
e tried to use dexamethasone acetate as the interna

ig. 4. LC/ESI-MS SIM chromatograms of (A) drug-free plasma s
le, (B) drug-free plasma spiked with 2.5 ng/ml 3�-hydroxyl-7-methyl-
orethynodrel and 3�-hydroxyl-7-methyl-norethynodrel, and (C) plas
ample from volunteer with a 3�-hydroxyl-7-methyl-norethynodrel conce
ration of 1.68 ng/ml and a 3�-hydroxyl-7-methyl-norethynodrel conce
ration of 0.69 ng/ml: peaks I–III refer to the derivatives of 3�-hydroxyl-
-methyl-norethynodrel, 3�-hydroxyl-7-methyl-norethynodrel and b

amethasone (IS), respectively.
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dard, which has two hydroxyls in its C-11 and C-17 position.
However, no chromatographic peak for the derivative of dexa-
methasone acetate withp-toluenesulfonyl isocyanate could
be found in either DAD chromatogram or total ion current
plot of ESI-MS. Further, we found that only one more peak
existed in the chromatogram of derivatized betamethasone
solution compared with blank derivatization solution. It may
be related to the tension of the androstane ring that the C-11
and C-17 hydroxyl group in betamethasone and dexametha-
sone acetate could not be derivatized byp-toluenesulfonyl
isocyanate easily.

3.2. Mass spectrometry analysis

Under the attractive effects of sulfonyl group and car-
bonyl group, hydrogen atom in imino group possessed by
p-toluenesulfonylcarbamic ester can be easily dissociated.
We discovered that the derivatives of the two metabolites had
very high intensity both in positive and negative ionization
mode. Mass spectrums of the derivatives of 3�-hydroxyl-
7-methyl-norethynodrel withp-toluenesulfonyl isocyanate
in both positive and negative ionization mode were shown
in Fig. 3. Negative ionization mode has been chosen at
last since there was lower chemical background in this
mode.

3
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matograms of the drug-free plasma, metabolites standards
and drug-free plasma spiked with standards after derivatiza-
tion with p-toluenesulfonyl isocyanate have been shown in
Fig. 4. No isomerization has been found during our study of
the derivatization.

A linear calibration curve was constructed using
the weighed (k/X2) regression of the peak area ratio
(3�-hydroxyl-7-methyl-norethynodrel/betamethasone) ver-
sus 3�-hydroxyl-7-methyl-norethynodrel concentration in
plasma over the range of 0.1–30 ng/ml with a correla-
tion efficient of 0.998 (n= 9). It confirmed the equa-
tion y= 0.514C− 0.039, wherey refers to the area ra-
tio of 3�-hydroxyl-7-methyl-norethynodrel to betameth-
sone. The calibration curve for 3�-hydroxyl-7-methyl-
norethynodrel in plasma was also linear over the con-
centration range of 0.1–30 ng/ml with a weight ofk/X2,
correlation efficient of 0.999 (n= 9). Its linear regres-
sion equation wasy= 0.613C− 0.063, wherey refers to
the area ratio of 3�-hydroxyl-7-methyl-norethynodrel to
betamethasone.

The lower limit of quantitation (LLQ) of the two 3-
hydroxyl metabolites were both 100 pg/ml of plasma, with
a signal-to-noise (S/N) ratio greater than 10. The mean ac-
curacy for LLQ of 3�-hydroxyl-7-methyl-norethynodrel and
3�-hydroxyl-7-methyl-norethynodrel were 112 and 104%,
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.3. Method validation

Under described chromatographic conditions, good
lution for the derivatives of the two stereo-isom
�-hydroxyl-7-methyl-norethynodrel and 3�-hydroxyl-7-
ethyl-norethynodrel was achieved. No endogenous

tances interfered with the detection of the metabolites an
ernal standard in SIM–MS detection. Other xenobiotics
essed a hydroxyl, such as steroids, which may be coextr
nd derivatized byp-toluenesulfonyl isocyanate, would n

nterfere with the detection of the two metabolites du
he high specificity of the gradient liquid chromatograp
eparation coupled with SIM–MS detection. Typical ch

able 1
he precision and accuracy for 3�-hydroxyl-7-methyl-norethynodrel and�

ominal concentration (ng/ml) Inter-day (n= 5)

Measured concentration
(ng/ml) (mean± S.D.)

%

�-Hydroxyl-7-methyl-norethynodrel
0.1 0.112± 0.012 1
0.25 0.240± 0.015
1.0 0.976± 0.040
0.0 10.3± 0.3

�-Hydroxyl-7-methyl-norethynodrel
0.1 0.104± 0.010
0.25 0.240± 0.018
1.0 0.988± 0.028
0.0 10.3± 0.6

a Over five different days.
s shown inTable 1. The inter- and intra-day prec
ions for LLQ of 3�-hydroxyl-7-methyl-norethynodrel we
0.7 and 13.8%, 9.6 and 11.3% for 3�-hydroxyl-7-methyl-
orethynodrel. The overall precision for other QC s
les ranged from 2.8 to 10.0% (Table 1). Fig. 5 showed

he limit of detection (LOD) for the method of 20 pg/
�-hydroxyl-7-methyl-norethynodrel and 3�-hydroxyl-7-
ethyl-norethynodrel in plasma at a signal-to-noise (S/N)

atio of 3.
The average extraction recovery of 3�-hydroxyl-7-

ethyl-norethynodrel in the three concentrations were
ween 70.5 and 79.9%, and the mean extraction reco
f 3�-hydroxyl-7-methyl-norethynodrel varied from 68.4
2.0%.

xyl-7-methyl-norethynodrel determined by HPLC–ESI/MS

Intra-daya (n= 5)

% Accuracy Measured concentration
(ng/ml) (mean± S.D.)

% RSD % accurac

112 0.116± 0.016 13.8 116
96.0 0.281± 0.028 10.0 112
97.6 0.916± 0.044 4.8 91.6

103 9.42± 0.34 3.6 94.2

104 0.097± 0.011 11.3 97.0
96.0 0.234± 0.023 9.8 93.6
98.8 0.904± 0.080 8.8 90.4

103 9.34± 0.57 6.1 93.4
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Fig. 5. LC/ESI-MS SIM chromatograms of (A) drug-free plasma sam-
ple and (B) LOD samples (20 pg/ml): peaks I and II refer to the deriva-
tives of 3�-hydroxyl-7-methyl-norethynodrel and 3�-hydroxyl-7-methyl-
norethynodrel, respectively.

4. Pharmacokinetic application

To evaluate the application of the proposed method in
pharmacokinetic studies, a Chinese female human volun-
teer of 36 years old with a body weight of 56 kg was se-
lected after giving written informed consent and having nor-
mal biochemical parameters. A Livial® tablet (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,
2.5, 3.0, 4.0, 6.0, 8.0, 12.0, and 18.0 h after dosing were
placed in heparinized tubes. The samples were immediately
centrifuged at 3000 rpm for 15 min, and the plasmas were

F
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separated and frozen at−20◦C until analysis. The plasma
concentration-time curves of the two 3-hydroxyl metabolites
over 18 h were presented inFig. 6. Following administration
to the subject, the two metabolites both reach peak concen-
trations in blood at 1.5 h, while stereo-selectivity presented
in peak concentrations and area under the curves (AUC0−T)
of 3�-hydroxyl-7-methyl-norethynodrel and 3�-hydroxyl-
7-methyl-norethynodrel, 7.11 ng/ml versus 2.34 ng/ml of
peak concentration and 7.09 ng h/ml versus 2.36 ng h/ml of
AUC0−T. A full metabolism pharmacokinetic study by this
validated method of tibolone in female human volunteers is
currently under way in order to evaluate the stereo-selectivity
presented in the metabolism in vivo.

5. Conclusions

p-Teluenesulfonyl isocyanate has been developed as a
novel derivatization reagent for hydroxyl compounds in
this study. The derivatization reaction can be accomplished
in 2 min under room temperature without the existence of
catalyse. A highly sensitive analytical method for the two
pharmacologically active 3-hydroxyl metabolites of tibolone
in human plasma was developed using LC–ESI/MS af-
ter derivatization byp-toluenesulfonyl isocyanate. The use
o en-
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u at
1 on-
s oxyl
c
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o-Fen
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ig. 6. Plasma concentration versus time profile of the 3�-hydroxyl-7-
ethyl-norethynodrel and 3�-hydroxyl-7-methyl-norethynodrel in a Ch
ese female volunteer dosed orally (0.25 mg) with tibolone.
f chemical derivatization greatly improved analyte’s s
itivity in electrospray ionization, which in turn enab
s to achieve the desired lower limit of quantitation
00 pg/ml.p-Toluenesulfonyl isocyanate has been dem
trated to be an attractive derivative reagent for hydr
ompounds.
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