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Abstract

A simple, sensitive and reliable method was developed to determine simultaneously the concentrations of thienorphine and its metabolite
thienorphine glucuronide conjugate in rat plasma by liquid chromatography—tandem mass spectrometry (LC-MS/MS). The metabolite was identified
by MS: thienorphine glucuronide conjugate. Sample preparation involved protein precipitation with methanol. Analytes were separated on Finnigan
BetaBasic-18 column (150 mm x 2.1 mm i.d., 5 pm) using methanol: water: formic acid (56:44:0.1, v/v/v) as mobile phase at a flow rate of
0.2 ml/min. The method had a linear calibration curve over the concentration range of 0.1-50 ng/ml for thienorphine and 2-1000 ng/ml for
thienorphine glucuronide conjugate, respectively. LOQ of thienorphine and thienorphine glucuronide conjugate was 0.1 and 2 ng/ml, respectively.
The intra- and inter-batch precisions were less than 12% and their recoveries were greater than 80%. Pharmacokinetic data of thienorphine and its
metabolite thienorphine glucuronide conjugate obtained with this method following a single oral dose of 3 mg/kg thienorphine to rats were also

reported for the first time.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Opioid abuse and dependence remains a serious worldwide
health problem. The drugs currently in clinical use for treating
opioid dependence are either full-opioid agonist, methadone,
and LAAM or antagonist naltrexone. However, the agonist
merely substitutes one addiction for another, and the antago-
nist is unable to retain patients in treatment due to a lack of
desired positive subjective effects [1]. Buprenorphine, an ori-
pavine derived from thebaine, has been widely shown to be
a partial agonist and antagonist of the p-opioid receptor, pro-
ducing both p-opioid receptor-mediated antinociception and
blocking morphine-induced antinociception in laboratory ani-
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mals [2—4]. It has been widely used in the treatment of acute and
chronic pain, and recently for the treatment of heroin addicts
[5,6]. The limited respiratory effects of high-dose buprenorphine
are of utmost importance regarding the safety of this drug for
use in substitution treatment. Numerous buprenorphine-related
deaths have been reported by forensic toxicologists and other
sources of information since 1996. These fatalities may result
from misuse (intravenous injection of crushed tablets) or over-
dose with substitution treatment [7,8]. It has been shown that
buprenorphine can cause dependence both in physical and psy-
chological studies, probably because of its fairly strong agonist
effect at the w-opioid receptor [9]. Moreover, buprenorphine has
been restricted by its very low oral bioavailability in the treat-
ment of opioid dependence [10]. Therefore, there is an urgent
requirement for developing new partial opioid agonists with
higher oral bioavailability, longer duration of action and more
safety than buprenorphine.


mailto:zqzhang55@yahoo.com
dx.doi.org/10.1016/j.jchromb.2007.09.028

Q. Kong et al. / J. Chromatogr. B 859 (2007) 52-61 53

dht_060717145421 #163 RT:2.85 AV: 1 NL: 3.94E4
T: *:Fu\lms2.:2?27@d.:00[500ﬂ60ﬂ 00]

A)100 i

(A) o N/—<
90
85
80
75
70
65
60
55 miz 504
50
45
40
35 186.60
30

25

20

15
1035505
5

0

I

242.73

Relative Abundance

504.57

29066 317.35 37266
l 418.26 450.31
| I

\| 1 53241 i

SOU

150 200 250 300 350 400 450 500 550
m/z

50 100

(C) DBNF-1UG_061008230330#35 RT: 0.31 AV: 1 NL:640E5
T. + ¢ Full ms2 468.00@-45.00 [ 50.00-500.00]

miz 414

HO

Relative Abundance

187.08

101.06
" 123.12

ALl

50 100

183.35

,ulL.lul.lM

150

O H
396.27

210.99

i | MJHIM.!

dht_080717145421 #454 RT:7.92 AV: 1 NL: 3.93E5
T: + ¢ sid=-10.00 Full ms2 698.30@-30.00 [ 30.00-730.00]

(B)1DOE 522.29
95
904
857
804
753
703
653
604
55
50
457
407
35
304
251
2073
153
104

53 10 11873

0 Frmeeaeemprees e

698.24

Relative Abundance

504.25

33842
227 75 280.60 322 ‘!9‘ 342.84 449.86

490,47
1| |549.26
LhAi Mabt naad }

500

722.23

700

300 400
m/z

200

s

468.33

41429

267.23

I 268 16

486 Gﬂ

(B e e e e

400 450 500

250 300 350
m/z

Fig. 1. Mass spectra and structures of the two analytes and I.S.: (A) thienorphine, mother ion: m/z 522; daughter ion: m/z 97 and 504; (B) thienorphine glucuronide
conjugate, mother ion: m/z 698; daughter ion: m/z 522; (C) buprenorphine (internal standard), mother ion: m/z 468; daughter ion: m/z 396 and 414.

In a search for such compounds, thienorphine [N-cyclo-
propylmethyl-7(-[(R)-1-hydroxy-1-methyl-3-(thien-2-yl)-pro-
pyl]-6,14-endo-ethano-tetrahydronororipavine], a novel analog
of buprenorphine, was synthesized by the chemists in our
institute [11]. As buprenorphine, it has been reported that
thienorphine bound potently and nonselectively to .-, 8-, and
k-opioid receptors stably expressed in CHO (Chinese hamster
ovary) cells and behaved as a partial agonist at p-opioid recep-
tor. However, some differences were observed between the
pharmacological profiles of thienorphine and buprenorphine.
In vitro, thienorphine was more potent than buprenorphine
in inhibiting [*H]diprenorphine and stimulating guanosine
5'-0-(3-[3>S]thio)triphosphate binding to rat w-opioid receptor
stably expressed in CHO cells. In vivo, thienorphine exhibited
more potent antimorphine effect compared with buprenorphine.
Moreover, compared with buprenorphine, thienorphine showed
a similar long-lasting antinociceptive effect but a much longer
antagonism of morphine-induced lethality [12]. In contrast to
common opioid agonists, it was observed that thienorphine

induced hypoactivity in mice and that this effect declined
after repeated administration. In addition, coadministration of
thienorphine dose-dependently suppressed the development,
transfer, and expression of behavioral sensitization to morphine
in mice [13]. These results indicate that thienorphine is a
potent, long-acting partial opioid agonist and may have possible
application in treating addiction.

The plasma drug concentration in animal was very low
according to preliminary experiment result. These HPLC/UV
methods are not sensitive enough for detecting thienorphine
in the plasma of rats within 2h after an oral dose of 3 mg/kg
thienorphine. In addition, the different polar character between
thienorphine and thienorphine glucuronide conjugate makes it
difficult to simultaneously extract from plasma. In this study,
protein precipitant procedure adopted to condense supernatant
was found to simultaneously, facilely extract both thienorphine
and its metabolite from rat plasma. A sensitive, and selective
liquid chromatography—mass spectrometry (LC-MS) method
for the simultaneous determination of two analytes was devel-
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Fig. 2. Representative SRM chromatograms of thienorphine (I, m/z 522 — m/z 97 and 504), thienorphine glucuronide conjugate (II, m/z 698 — m/z 522) and L.S.
(I, m/z 468 — m/z 396 and 414) in rat samples. (A) Blank plasma sample; (B) blank plasma sample spiked with thienorphine, thienorphine glucuronide conjugate
at the LLOQ and I.S. (40 ng/ml); (C) plasma sample from a rat 3 h after an oral administration.
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Fig. 2. (Continued)
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Table 1
Intra-day assay variations of thienorphine and thienorphine glucuronide conjugate in rat plasma
Constituent Spiked concentration (ng/ml) Measured concentration (ng/ml) Intra-day
RSD (%) CV (%)
0.30 0.30 £+ 0.01 —0.1 2.9

Thienorphine 5.00 5.18 £ 0.22 3.5 4.2

25.00 23.88 £ 2.08 —6.3 8.7
Thienorphine 6.00 6.65 + 0.10 10.8 1.5
glucuronide 100.00 108.40 £ 1.47 8.4 1.4
conjugate 500.00 468.54 £+ 21.83 —6.3 4.7

Mean £ SD (n=5).

oped to provide LOQ lower than 0.1 ng/ml for thienorphine in
rat plasma. The method with protein precipitant procedure is
adapted for the analysis of the small plasma samples taken from
rats and has been successfully applied to pharmacokinetic stud-
ies of thienorphine and thienorphine glucuronide conjugate in
rats following oral administration of thienorphine for the first
time.

2. Experimental
2.1. Reagents and materials

Thienorphine (99% purity) and thienorphine glucuronide
conjugate (99% purity) were supplied by Beijing Institute of
Pharmacology and Toxicology (Beijing, China) [11]. Buprenor-
phine [internal standard (I.S.)] (>99% purity) was obtained from
the Sigma (St. Louis, MO, USA). Chemical structures of three
constituents are shown in Fig. 1. Formic acid (analytical grade)
was from Beijing Chemical Co. (Beijing, China). Methanol was
of HPLC grade (J&K Chemical LTD). Ultrapure water, prepared
by a Milli-Q Reagent Water System (Millipore, MA, USA), was
used throughout the study.

2.2. Instrumentation

A Thermo Finnigan TSQ Quantum Discovery MAX
triple—quadrupole tandem mass spectrometer equipped with
electrospray ionization (ESI) source (Thermo Finnigan, USA),
a Finnigan surveyor LC pump and an autosampler were used
for LC-MS/MS analysis. Data acquisition was performed with
Xcalibur 1.4 software (Thermo Finnigan, USA). Peak inte-

gration and calibration were carried out using LC Quan 2.0
software (Thermo-Finnigan). CentriVap Concentrator (LAB-
CONCO, USA).

2.3. LC-MS-MS conditions

The chromatographic separation was achieved on a
BetaBasic-18 column (150 mm x 2.1 mm i.d., 5 um, Finnigan,
Thermo, USA) using a mobile phase of methanol-water—formic
acid (56:44:0.1, v/v/v), which was degassed by super-
sonic procession before use. The liquid flow rate was set
at 0.2ml/min. The column temperature was maintained at
22°C.

Mass spectrometer was operated in the positive mode (EST*).
Quantification was performed using selected reaction monitor-
ing (SRM) of the transitions of m/z 522 — m/z 97 and 504 for
thienorphine, m/z 698 — m/z 522 for thienorphine glucuronide
conjugate, m/z 468 — m/z 396 and 414 for performed (I.S.),
respectively, with a scan time of 0.5 s per transition. Quantifi-
cation by choosing two daughter ions for analytes was more
sensitive and selective than one daughter. In order to optimize all
the MS parameters, a standard solution (1 pg/ml) of the analytes
and L.S. was infused into the mass spectrometer. For thienor-
phine, thienorphine glucuronide conjugate and IS, the following
optimized parameters were obtained. The spray voltage was set
at 4.8 kV. Nitrogen was used as the sheath gas (16 psi) and aux-
iliary gas (5 psi). The capillary temperature was set to 300 °C.
Collision induced dissociation (CID) studies were performed
and argon was used as the collision gas with a collision cell gas
pressure of 1.5 mTorr. The optimized collision energy of 12eV
was chosen for analytes and I.S.

Table 2
Inter-day assay variations of thienorphine and thienorphine glucuronide conjugate in rat plasma
Constituent Spiked concentration (ng/ml) Measured concentration (ng/ml) Inter-day
RSD (%) CV (%)
0.300 0.28 £+ 0.03 —6.0 11.2

Thienorphine 5.00 5.04 £0.14 0.8 2.7

25.00 22.98 £ 0.66 -8.1 29
Thienorphine 6.00 6.37 £ 0.33 6.1 53
glucuronide 100.00 101.60 £ 3.47 1.6 3.4
conjugate 500.00 488.12 £ 47.18 —2.4 9.7

Mean £+ SD (n=5).
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2.4. Standard and working solutions

Individual standard stock solutions of thienorphine
(100 wg/ml) and thienorphine glucuronide conjugate
(100 pg/ml) were prepared by accurately weighing 5mg
of each compound in volumetric flasks and volume was made
up to 50ml with methanol. Mixed working stock solution
(MWS) of thienorphine (500ng/ml) and thienorphine glu-
curonide conjugate (10 wg/ml) was prepared in methanol.
MWS was used in the preparation of analytical and calibration
standards. Analytical standards were prepared from MWS by
diluting it with appropriate volumes of methanol to obtain
a concentration range of 0.1-50ng/ml for thienorphine and
2-1000ng/ml for thienorphine glucuronide conjugate. A
working internal standard solution was prepared by diluting
the 1000 pg/ml stock solution of buprenorphine in methanol
with methanol to provide a final concentration of 40 ng/ml.
All stock and mixed working stock solutions were prepared
prior to start of validation, stored at 4 °C, and brought to room
temperature before use. These solutions were found to be stable
over 6 months and used for the complete method validation
programme.

2.5. Calibration and quality control samples

A series of standard working solutions were evaporated to
dryness at 37 °C with CentriVap Concentrator. The residue was
reconstituted in 0.1 ml of blank plasma to prepare the calibra-
tion standards. Effective concentrations in plasma samples were
0.1/2, 0.3/6, 1/20, 5/100, 10/200, 25/500, 50/1000 ng/ml for
thienorphine/thienorphine glucuronide conjugate. Quality con-
trol (QC) samples, which were used both in pre-study validation
and during the pharmacokinetics study, were prepared separately
to give concentrations of 0.3/6, 5/100, 25/500 ng/ml of thienor-
phine/thienorphine glucuronide conjugate. The spiked plasma
samples (standards and quality controls) were then treated fol-
lowing the protein precipitation procedure on each analytical
batch along with the unknown samples.

2.6. Animals and blood sampling

Wistar rats (adult male), weighing 200 £ 20 g, were obtained
from Academy of Military Medical Sciences Animals Center
(Beijing, China). These animals were quarantined for 1 week
prior to begin the study. The rats were housed in a window-
less room, which was illuminated for 12 h each day at (22 £ 1)
°C. All animals were weighed daily and observed twice daily,
in order to assess their general health. Diet was prohibited for
12 h before the experiment while water was taken freely. The
3 mg/kg thienorphine dose of oral administration to rats was
selected on the basis of pharmacodynamic action of thienor-
phine to rats. After oral administration of thienorphine, serial
blood samples were collected at intervals of 0, 5, 20, 40 min
and 1, 2, 3, 4, 5, 7, 10, 14, 24h from the same rat (n=5).
The blood samples were collected about 0.25 ml in heparinized
1.5 ml polythene tubes by orbital bleeding, via heparinized cap-
illary tubes, and centrifuged at 2000 x g for 15 min. Plasma

sample was subsequently collected and stored at —20 °C until
analysis.

2.7. Sample preparation

0.1 ml L.S. solution (40 ng/ml) was added to 100 pl plasma
sample in a 1.5ml test tube. The sample mixture was
deproteinized with 0.8 ml of methanol and vortex-mixed for
approximate 1 min, and the precipitate was removed by cen-
trifugation at 12,000 rpm (revolutions per minute) for 10 min.
Then 800 w1 of supernatant was transferred to another clean test
tube and evaporated to dryness at 37 °C with CentriVap Concen-
trator. The dry residue was reconstituted in 100 1 of the mobile
phase, vortex-mixed, and centrifuged at 12,000 rpm for another
10 min. Twenty microlitres of the clean supernatant was injected
onto the LC/MS/MS for analysis.

2.8. Validation of the method

2.8.1. Sensitivity and specificity

The limit of detection for thienorphine was approximately
0.03 ng/ml at a signal to noise ratio of 3:1 and limit of quantifi-
cation corresponding with a coefficient of variation of less than
20% was 0.1 ng/ml at a signal to noise ratio of 10:1. The speci-
ficity was defined as non-interference in the regions of interest
with the endogenous substances, in the determination of the con-
centration. Five different lots of blank plasma were tested for
interference or matrix effects.

2.8.2. Linearity

Linearity of calibration was tested by extraction and assayed
(n=5). Calibration curves in the concentration range of
0.1-50 ng/ml for thienorphine and of 2—1000 ng/ml for thienor-
phine glucuronide conjugate were constructed by plotting the
peak-area ratios of analyte/internal standard versus thienor-
phine or thienorphine glucuronide conjugate concentration in
rat plasma. The data were best fit with a weight of 1/x°.
Weighted (1/x%) least-squares linear regression analysis was
used to determine the slope, intercept and correlation coefficient.
The concentration of thienorphine or thienorphine glucuronide
conjugate in plasma was determined from the peak-area ratios
by using the equations of linear regression obtained from the
calibration curves.

2.8.3. Precision and accuracy

Intra-day and inter-day accuracy and precision for the assay
were evaluated by analyzing rat plasma samples contain-
ing thienorphine/thienorphine glucuronide conjugate at 0.3/6,
5/100, 25/500 ng/ml, respectively. Intra-day accuracy and pre-
cision (each, n=35) were evaluated by analysis of samples at
different times during the same day. Inter-day accuracy and pre-
cision were determined by repeated analysis of samples over
five consecutive days (n=1 series per day). The concentration
of each sample was determined using calibration standards pre-
pared on the same day. Accuracy of the method was determined
by RSD (%), which was calculated by the equation: (mean of
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determined concentration — actual concentration/actual concen-
tration) x 100%. Precision was determined by the coefficients of
variation (CV).

2.8.4. Absolute recoveries

Absolute recoveries of thienorphine and thienorphine glu-
curonide conjugate at three QC levels were determined by
comparing the peak areas of the precipitated samples with those
obtained from direct injection of the compounds dissolved in the
supernatant of the processed blank plasma.

2.8.5. Stability

The stability of the analytes in rat plasma under different tem-
perature and timing conditions was evaluated at three QC levels
(n=3). The thaw—freeze stability was determined after three
thaw—freeze cycles (—20 to 20 °C) on consecutive days. The
long-term stability was assessed after storage of the test samples
at —20 °Cfor 10 days, and short-term for 4 h at room temperature
in plasma. The results were compared with the freshly prepared
QC samples, and the percentage concentration deviation was
calculated.

2.9. Assay application

The present method was used to determine concentration—
time profiles of thienorphine and thienorphine glucuronide con-
jugate in rat plasma after oral administration of thienorphine.
Pharmacokinetic parameters were calculated using the 3P97
pharmacokinetic software package (version 2.0 PK software;
Chinese Pharmacological Association, Anhui, China). The com-
partment model could be a sum of exponential of the following:
C =5 Ciexp(A;f), where C is the predicted concentration, 7 is
time, C; =(A, B, ...)and A; (=«, B, ...) are the pre-exponential
and exponential coefficients, was fitted to blood concentration
data using nonlinear regression analysis. The area under con-
centration versus time curve (AUCs) was calculated using the
trapezoidal rule up to the last detectable concentration and
extrapolated to infinite time using the terminal elimination;
analogous method was used for the calculation of the area
under the first moment curve (AUMC), but using the concen-
tration versus time data. The elimination half-life (#1/2g) was
0.693/ke1, where ke, the elimination rate constant, was calcu-
lated by linear regression from the terminal linear portion of
plasma concentration—time curve. Mean residence time (MRT)
was calculated as AUMC/AUC. Volume of distribution (Vc¢)
of the central compartment was calculated as dose/Cy, where
Co is the concentration measured just after the administration.
Clearance (Cl) was calculated as dose/AUC.

3. Results and discussion
3.1. MS conditions selection

Analytical parameters of each of the analytes and 1.S., such
as sheath gas, the auxiliary gas, collision induced dissociation

and the collision energy, were investigated to optimize MS con-
ditions and increase the detection sensitivity of thienorphine,

thienorphine glucuronide conjugate and L.S. Fig. 1 shows the
product ion spectra of [M +H]J* of thienorphine, thienorphine
glucuronide conjugate and IS. It is clear that the analytes and
L.S. formed predominantly protonated molecules [M+H]" in
Q1 full scan spectra, and protonated molecules [M + H]* were
detected at m/z 522 for thienorphine, m/z 698 for thienorphine
glucuronide conjugate and 468 for 1.S. No sodium or other sol-
vent adducts or dimmers were observed. These fragment ions
at m/z 97 and 504, m/z 522, m/z 414 and 396 were chosen in
the SRM acquisition for thienorphine, thienorphine glucuronide
conjugate and I.S., respectively.

3.2. Chromatographic conditions optimization

It is critical to optimize chromatographic conditions to obtain
good selectivity, high sensitivity, quick speed and symmetrical
peak shape. In positive ion mode, the presence of a low amount
of formic acid in the mobile phase can improve the detection
response of the analytes. With compositions of mobile phase
methanol-water—formic acid (56:44:0.1, v/v/v), the symmetry of
the peak was good while the analytes and internal standard were
free of interference from endogenous substances. The overall
chromatographic run time was finished within 5.5 min.

3.3. Preparation of plasma samples

Sample preparation is a critical step for accurate and reli-
able LC-MS/MS assays. The most widely employed biological
sample preparation methodologies currently are liquid-liquid
extraction (LLE), solid-phase extraction (SPE) and protein
precipitation (PPT). The polar character of thienorphine glu-
curonide conjugate makes it difficult to extract from plasma
by conventional techniques such as LLE, which moreover was
complex and time-consuming. In this study, the selected pro-
tein precipitant was methanol because of satisfactory efficiency
in precipitating. A one-step protein precipitation procedure was
adopted to simplify the sample preparation and the treatment of
condensing supernatant could provide LOQ lower than 0.1 ng/ml
for thienorphine in 0.1 ml plasma. Moreover, the protein precipi-
tant procedure was found to simultaneously, facilely extract both
thienorphine and its metabolite from rat plasma.

3.4. Method validation

3.4.1. Selectivity

Selectivity was assessed by comparing the chromatograms
of five different batches of blank human plasma with the spiked
samples at LOQ levels. Endogenous peaks at the retention
time of the analytes were not observed for any of the plasma
batches evaluated. This indicated no significant direct inter-
ference in the SRM channel for the analytes at the expected
retention time. Fig. 2 shows the typical chromatograms of
a blank plasma sample, a blank plasma sample spiked with
thienorphine, thienorphine glucuronide conjugate at the LOQ
and L.S., and a plasma sample from a rat 3h after an oral
administration. The retention times of thienorphine, thienor-
phine glucuronide conjugate and L.S. were approximately 4.4,
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Table 3

Summary of stability studies of thienorphine and thienorphine glucuronide conjugate in rat plasma under various storage conditions (n=3)

Thienorphine
concentration (ng/ml)

Thienorphine glucuronide
conjugate concentration (ng/ml)

0.30 5.0 25.0 6.0 100 500
Freshly prepared
Measured concentration (ng/ml) 0.30+0.03 5.23+£0.29 23.42+0.34 6.20£0.22 98.76 +7.18 458.83 +£5.23
Three freeze—thaw cycles
Measured concentration (ng/ml) 0.314+0.04 5.324+0.15 25.49 +£0.67 6.08 +0.54 99.26 £1.72 450.51 +£3.39
Concentration deviation (%) 33 1.7 8.8 —-1.9 0.5 —1.8
Room temperature (4 h)
Measured concentration (ng/ml) 0.32+0.03 4.97+£0.20 24.48 £1.26 5.83+£0.26 107.10+0.16 446.24 +2.84
Concentration deviation (%) 6.7 —-5.0 4.5 —6.0 8.4 —2.7
Stored at —20 °C for 10 days
Measured concentration (ng/ml) 0.30£0.03 4.88 £0.46 24.81+1.26 591+£0.27 105.72 £6.72 457.99 +6.46
Concentration deviation (%) 0.0 —6.7 5.9 —4.7 7.0 —-0.2

Concentration deviation (%): (measured concentration — freshly prepared concentration)/freshly prepared concentration x 100%.

2.7 and 2.9 min, respectively, and most of the endogenous sub-
stances were eluted within 2 min.

3.4.2. Linearity of calibration curves and lower limits of
quantification

The linear regression analysis of thienorphine or thienor-
phine glucuronide conjugate was constructed by plotting the
peak-area ratio of thienorphine or thienorphine glucuronide con-
jugate to the internal standard (y) versus analyte concentration
(ng/ml) in spiked plasma samples (x). The calibration curves
were constructed in the range 0.1-50 ng/ml for thienorphine
and 2—-1000 ng/ml for thienorphine glucuronide conjugate. The
calibration model for the calibration curve could be achieved
by a linear equation of y=mx+c and a 1/x> weighting fac-
tor for both the analytes. The regression equation of these
curves and their correlation coefficients (+2) were calculated as
follows: thienorphine, y=0.028485x — 0.000638 (r2 =0.9943);
thienorphine glucuronide conjugate, y=0.0235603x + 0.008201
(? =0.9968); it showed good linear relationships between the
peak areas and the concentrations. The LOQ was 0.1 ng/ml for
thienorphine and 2 ng/ml for thienorphine glucuronide conju-
gate, and an acceptable accuracy of +15% and a precision below
15% were obtained (n =5). Under present LOQ, the thienorphine
and thienorphine glucuronide conjugate concentration can be
determined in plasma samples until 24 h after a single oral dose
of 3 mg/kg thienorphine, which is sensitive enough to investigate
the pharmacokinetic behaviors of thienorphine and thienorphine
glucuronide conjugate in rats.

3.4.3. Precision and accuracy

Intra- and inter-precision was assessed from the results of
QC samples. The intra- and inter-batch precision and accuracy
data for thienorphine and thienorphine glucuronide conjugate
are summarized in Tables 1 and 2. The reproducibility of the
method was defined by examining both intra- and inter-day vari-
ance. The intra-day and inter-day CV data of thienorphine and
thienorphine glucuronide conjugate assays at low to high con-
centrations were less than 12% and 10%, respectively. Assay

accuracy, assessed by RSD, was found to range from —8.1%
to 10.8%. The results above demonstrated that the values were
within the acceptable range and the method was accurate and
precise.

3.4.4. Recovery and stability

The recoveries (extraction efficiency) of thienorphine
from rat plasma following methanol precipitation were
115.9+12.0%, 101.5+9.5% and 81.5+7.1% at concentra-
tions of 0.3, 5.0 and 25ng/ml, respectively. The recoveries
of thienorphine glucuronide conjugate were 101.2+13.1%,
100.1 =7.2% and 83.8 &+ 6.7% at concentrations of 6, 100 and
500 ng/ml, respectively. The mean recoveries of thienorphine
and thienorphine glucuronide conjugate were more than 80%
(n=15). There was no significant degradation under the condi-
tions described in this study. All stability results are shown in
Table 3. Thienorphine and thienorphine glucuronide conjugate
were stable for 4 h at room temperature in plasma samples; the
mean percentage concentration deviations were 6.7%, —5.0%
and 4.5%, respectively, and —6.0%, 8.4% and —2.7%, respec-
tively, at three concentration levels of QC. Thienorphine and
thienorphine glucuronide conjugate were also stable in plasma
samples when stored at —20°C for 10 days, and following
three freeze—thaw cycles. Their mean percentage concentra-
tion deviations were found to range from —6.7% to 8.8%. In
the preliminary test, extraction of spiked samples with only
thienorphine glucuronide conjugate results in no signal in the
thienorphine channel under these conditions. These results
indicated that analytes were stable under routine laboratory
conditions. These results indicated that the assay was simple,
accurate, sensitive and reproducible.

3.5. Application to pharmacokinetic study

The pharmacokinetic profiles of thienorphine and thienor-
phine glucuronide conjugate were investigated by the described
method following a single oral administration of 3 mg/kg
thienorphine to rats. The mean plasma concentration—time
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Fig. 3. Mean plasma concentration—time curve of thienorphine after a single
oral dose of thienorphine in rats. Each point represents the mean &= SD of five
experiments.
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Fig.4. Mean plasma concentration—time curve of thienorphine glucuronide con-
jugate after a single oral dose of thienorphine in rats. Each point represents the
mean £ SD of five experiments.

Table 4
Pharmacokinetic parameters of thienorphine and its metabolites after single oral
dose of thienorphine to rats

Parameter Thienorphine Thienorphine glucuronide conjugate
Tmax (h) 2.60 £ 0.55 0.95 + 0.70

Crmax (ng/ml) 7.37 £ 1.62 69.83 £ 24.84

ti2 (h) 7.74 £ 2.32 6.97 + 4.17

MRTy; (h) 7.18 £ 0.67 477 £ 1.39

AUCy.; (ng h/ml) 43.99 + 8.28 257.26 £ 9291

Mean £ SD (n=5).

profiles of thienorphine and thienorphine glucuronide con-
jugate are shown in Figs. 3 and 4, respectively. The mean
estimated pharmacokinetic parameters are listed in Table 4.
After oral administration of thienorphine, the mean values of

Cmax for thienorphine were found to be 7.37ng/ml (range
5.75-8.99 ng/ml), 69.83 ng/ml (range 44.99-94.67 ng/ml) for
thienorphine glucuronide conjugate, respectively. Moreover, the
AUC_, value for metabolite thienorphine glucuronide conjugate
(257.26 ng h/ml) was about 5.8 times as large as that for thienor-
phine (43.99 ng h/ml). It was suggested that most of thienorphine
was transformed into thienorphine glucuronide conjugate in rats,
and its active metabolite thienorphine glucuronide conjugate
seems to play an important role in the pharmacological action
of orally administered thienorphine. The mean residence time
(MRT) of thienorphine glucuronide conjugate was shorter than
those of thienorphine, indicating that elimination of thienor-
phine glucuronide conjugate was faster than parent drug in
rats.

4. Conclusion

An LC-MS-MS method for simultaneous determination of
thienorphine and thienorphine glucuronide conjugate was devel-
oped and validated in rat plasma. It was proved that the method
was rapid, sensitive and selective and stable. The analytical pro-
cedure was applied as a routine analysis of large batches of
biological samples to support a pharmacokinetic study. Follow-
ing partial validation, the present method can be adopted for and
extrapolated to dog plasma also.
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