Available online at www.sciencedirect.com

SCIENCE@DIRECT. IOURNALOF
CHROMATOGRAPHY B

ELSEVIER Journal of Chromatography B, 813 (2004) 263268

www.elsevier.com/locate/chromb

Liquid chromatography—mass spectrometry method for determination
of tetramethylpyrazine and its metabolite in dog plasma

Peng WangP®, Xin Jin®, Meiling Qi®*, Lin Fang*

2 School of Pharmaceutical Engineering, Shenyang Pharmaceutical University, Shenyang 110016, China
b Shenyang Pharmtech Institute of Pharmaceuticals, Shenyang 110016, China
¢ Department of Chemistry, School of Science, Beijing Institute of Technology, Beijing 100081, China

Received 30 July 2004; accepted 23 September 2004

Abstract

Aliquid chromatography—mass spectrometry method is described for the determination of tetramethylpyrazine (TMP) and its active metabo-
lite, 2-hydroxymethyl-3,5,6-trimethylpyrazine (HTMP) in dog plasma. This method involves a plasma clean-up step using protein precipitation
procedure followed by LC separation and positive electrospray ionization mass spectrometry detection (ESI-MS). Chromatographic separation
of the analytes was achieved on a C18 column using a mobile phase of methanol, water and acetic acid (50:50:0.6, v/v/v) at a flow rate of
1.0 ml/min. Selected ion monitoring (SIM) mode was used for analyte quantitatiotz 487.2 for TMP,m/z 153.2 for HTMP andnwz 195.2
for caffeine. The linearity was obtained over the concentration ranges of 20—-6000 ng/ml for TMP and 20—4000 ng/ml for HTMP and the
lower limit of quantitation was 20 ng/ml for both analytes. For each level of QC samples, both inter- and intra-day precisions (R.S.D.) were
<7.4% for TMP andk6.0% for HTMP, and accuracy (R.E.) wa$.0% for TMP and<3.5% for HTMP. The proposed LC—MS method was
successfully applied to the pharmacokinetic studies of a TMP formulation preparation after oral administration to beagle dogs.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction revealed that few methods were available for the determina-
tion of TMP in pharmaceutical preparations, botanical or bio-
Tetramethylpyrazine (TMP) is a biologically active ingre- logical samples, which involved liquid chromatography with
dientisolated fromthe traditional herbal medicingusticum ultraviolet detection[4—8] and gas chromatography—mass
chuanxiongHort. TMP possesses anti-ulcers and antiplatelet spectrometrnj9—-11]. No analytical methods were available
activities and has been widely used in China for the treatmentfor the simultaneous determination of TMP and HTMP or
of patients with angina pectoris, ischemic vascular diseasesindividual determination of HTMP in biological samples.
and gastric lesiofil—3]. 2-Hydroxymethyl-3,5,6-tri-methyl  Taking into consideration the low levels of both analytes in
pyrazine (HTMP) is one active metabolite of TMP and ex- plasma, a simple and sensitive method needed to be devel-
hibiting similar effects. The chemical structures of TMP and oped for the determination of TMP and HTMP in biological
HTMP are shown irFig. 1 samples. Among the choices of analytical methods, liquid
For the pharmacokinetic study of a TMP formulation prod- chromatography—mass spectrometry (LC-MS) became the
uct in dogs, an analytical method with simplicity and high first choice for our purpose.
sensitivity was required in our laboratory. A recent survey  This paper describes a simple and sensitive LC—ESI-MS
method in positive selected ion monitoring (SIM) mode for
* Corresponding author. Tel.: +86 10 689 12667; fax: +86 10 689 13293. th€ simultaneous determination of TMP and HTMP in dog
E-mail addressmlgi@bit.edu.cn (M. Qi). plasma. The described method was validated in terms of se-
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2.3. Preparation of calibration standards and quality
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Stock solutions of TMP and HTMP were individually pre-
pared at 10Q.g/ml in methanol. The stock solution of TMP

Q /CHS was further diluted with methanol to give a series of standard
HsC\NJ?LN Hs0 solutions with concentration of 100, 200 ng/ml, 1, 3, 10 and
0)\N | I\% ' 30g/ml. The stock solution of HTMP was further diluted
s with methanol to give a series of standard solutions with con-
(©) Hs centration of 100, 200 ng/ml, 1, 5, 10 and26/ml. The in-

ternal standard (caffeine) solution was prepared in methanol
at a concentration of 5Q0g/ml.
Calibration standards of TMP (20, 40, 200, 600, 2000

.10 30 8000 and HTMIP (20, 40, 200, 100, 2000 anc
fully applied to the pharmacokinetic studies of a TMP for- 4000 ng/ml) were prepared by spiking appropriate amount of

: C the standard solutions of TMP and HTMP in blank plasma.
mulation preparation in beagle dogs. Quality control (QC) samples were prepared using the pooled
plasma at concentrations of 40, 600 and 6000 ng/ml for TMP
and 40, 1000 and 4000 ng/ml for HTMP. The spiked samples
were then treated following the sample preparation procedure
as indicated in Sectiop.4.

Fig. 1. The chemical structures of TMP (A), HTMP (B) and caffeine (C).

2. Experimental

2.1. Chemicals and reagents

2.4. Sample preparation
TMP phosphate reference standard (101.0% purity) was Pleprep

from Beijing Yanjing Pharma(_:eutical Factqry_ HTMP ref- A 0.5-ml aliquot of each plasma sample was transferred
erence standard (99.3% purity), and aspirin and tetram-, - £ | polyethylene centrifuge tube. A 1@Dof caf-

ethylpyrazine phosphate sustained release tablets (eaC'?einesolutionin methanol (5Q0g/ml), a 20qul of methanol

tablet cont_aining 75mg of aspirin and 150mg of tetram- and 1.0 ml of methanol were added and the contents were
ethylpyrazine, batch no. 030115) were from Shenyang mixed by vortexing for 1 min and allowed to stand still for

Pharmtech Institute of Pharmaceuticals (Shenyang, China).c i1 21 centrifuged for 10 min to separate the phases. An

Caffein_e (99.6% purity, in_ternal standard) was from Shan- aliquot (50ul) of the supernatant was directly injected onto
dong Xinhua Pharmaceutical Company, Ltd. (Jinan, China). the LC-MS system for analysis

Methanol of liquid chromatographic grade was purchased
f.rom T_|anJ|n Concord Tech Reagent Company (T!an— 25 Method validation
jin, China). All the other reagents were of analytical

grade. Validation runs were conducted on three separate days.

Each validation run consisted of a set of the spiked stan-

2.2. Instrument and LC-MS conditions dard samples at six concentrations over the concentration
range (each in triplicate) and QC samples at three concen-

HP 1100 series LC/MSD G1946D (Agilent, USA) was trations o= 6 at each concentration). Standard samples were
used for quantitative determination of TMP and HTMP in  analyzed at the beginning of each validation run and other

dog plasma. _ _ samples were distributed randomly throughout the run. The
Chromatographic - separation was performed on  a results from QC samples in three runs were used to evaluate
Diamonsil" Cig column (150 mmx 4.6mm 1.D., 5um, the accuracy and precision of the method developed. Concen-

Dikma, China). The mobile phase consisting of a mixture trations of the analytes in plasma samples were determined
of methanol, water and acetic acid (50:50:0.6, v/v/v) was by back-calculation of the observed peak area ratios of the
delivered at a flow rate of 1.0 ml/min. Chromatography was analytes and internal standard from the best-fit calibration
performed at ambient temperature. The injection volume was curve using a weighted (#) linear regression. During rou-
50pl. tine analysis, each analytical run included a set of standard
Electrospray ionization (ESI) source in positive ion mode samples, a set of QC samples in duplicate and plasma samples
was used for the determination. The optimized ionization to be determined.
conditions were: nitrogen flow rate, 8.0 ml/min; gastempera-  The selectivity of the method was investigated by compar-
ture, 325'C; nitrogen pressure, 30 p.s.i.g.; collision induced ing chromatograms of blank plasma, standard plasma sample
dissociation (CID), 70V. Positive selected ion monitoring spiked with TMP (200.0 ng/ml), HTMP (200.0 ng/ml) and
(SIM) mode was used for the quantitationrafz 137.2 for caffeine (50Qug/ml) and plasma sample at 0.08 h after an
TMP, m/z153.2 for HTMP andn/z 195.2 for caffeine. oral dose of a TMP formulation preparation (300 mg).
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The linearity of each calibration curve was determined  The extraction recoveries of TMP and HTMP were de-
by plotting the peak-area ratig)(of the analyte to internal  termined at low, medium and high concentrations by com-
standard versus the nominal concentratijrof either TMP paring the responses from plasma samples spiked before
or HTMP. The calibration curves were obtained by weighted extraction with those from standard solutions at the same
(1) linear regression analysis. levels.
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Fig. 2. Representative SIM chromatograms of: (A) blank dog plasma sample; (B) blank plasma sample spiked with TMP (200.0 ng/ml), HTMP (200.0 ng/ml)
and caffeine (50Q.g/ml); (C) plasma sample at 0.08 h after an oral dose of two aspirin and tetramethylpyrazine phosphate sustained release tablets (300 mg) to a
beagle dog. Two channels were used for the quantitation, MSD1 for internal stada@{ min) and MSD2 for TMPtg = 4.4 min) and HTMP1tg = 2.7 min).



266 P. Wang et al. / J. Chromatogr. B 813 (2004) 263-268
MSD1 TIC, MS File (D:\DATA\0826\SJB Q0249.D) API-ES, Pos, SIM, Frag: 70

4 N~

600000 4 o

400000 4 \
200000 ‘\

—— T T T T T T
2.5 3 3.5 4 4.5 5 5.5 6 min
MSD2 TIC, MS File (D:\DATA\0826\SJB Q0249.D) API-ES, Pos, SIM, Frag: Var

- o

25 3 35 4 45 5 55 6 min

Fig. 3. Representative SIM chromatogram of blank plasma sample spiked with TMP (20.0 ng/ml), HTMP (20.0 ng/ml) and caffeigér(§00

Sample stability was determined by analyzing QC samples the determination of TMP and HTMP in dog plasma because
containing TMP of 40, 600 and 6000 ng/mland HTMP of 40, the drying process in liquid-liquid extraction caused a sig-
1000 and 4000 ng/ml after protein precipitation and exposed nificant loss of the analytes due to their volatility. After sev-
to ambient temperature over a time period of 12 h. eral trials, a protein precipitation procedure was adopted and
proved to be simple and reliable for the sample preparation
in this work. Methanol other than acetonitrile was selected
as protein-precipitating solvent to fit with the composition

The LC-MS method was successfully applied to the phar- of mobile phase to produce the expected peak shapes of the

macokinetic studies of aspirin and tetramethylpyrazine phos- 2nalytes. In the procedure, the supernatant after centrifuga-
phate sustained release tablets in beagle dogs. Six beagle dogion was directly injected onto the LC-MS system, which
(3 male, 3 female, 12-13 kg) were from the Laboratory Ani- minimized the loss of the analytes in plasmq and assured the
mal Center in Shenyang Pharmaceutical University. After an &ccuracy of the developed method. This simple procedure
overnight fast (12 h), the dogs were given single dose of two Preduced a clean chromatogram for a blank plasma sample
aspirin and tetramethylpyrazine phosphate sustained releas@nd Yielded satisfactory recoveries for the analytes from the
tablets (equivalent to 300 mg of TMP). No food was allowed Plasma.
until 4 h after oral administration of the tablets while water ~ A Diamonsil = Cig column (150 mmx 4.6 mm L.D.,
intake was free. About 2 ml of blood samples were collected 5 »m) was used for the chromatographic separation. Other
from a hind leg vein into heparinized tubes before (0 h) and at chromatographic conditions, especially the composition of
0.08,0.17,0.33,0.5,0.75,1.0, 1.5, 2.0, 4.0, 6.0, 8.0, 12.0 andMobile phase, were optimized through several trials to

24.0 h after dosing. Plasma was separated by centrifugation@chieve good resolution and symmetric peak shapes of an-
and kept frozen at20°C until analysis. alytes as well as short run time. It was found that a mixture

of methanol, water and acetic acid (50:50:0.6, v/v/v) could
achieve our purpose and was finally adopted as the mobile

2.6. Application of the LC—MS method

™

3. Results and discussion phase for the chromatographic separation.
Internal standard is necessary for determination of ana-
3.1. Method development lytes in biological samples. In initial stage of our work, sev-

eral compounds were tried and finally caffeine was found to
Sample preparation plays a key role for the determination be optimal for our work.
of drugs in biological samples. At the beginning of this work, For the quantitation of TMP and HTMP in dog plasma,
liquid—liquid extraction was tried, but found unsuitable for some parameters related with mass spectrometric detection

Table 1
Accuracy and precision for the determination of TMP in dog plasmya3 days, six replicates per day)
Added C (ng/ml) Found C (ng/ml) Intra-day R.S?[%) Inter-day R.S.D. (%) Relative error (%)
400 3854 6.1 7.4 37
6000 63482 4.9 54 5
60000 564114 51 6.1 —6.0

Relative error: R.E. (%) = 10R (mean concentration nominal concentration)/nominal concentration.
2 Relative standard deviation.
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Table 2

Accuracy and precision for the determination of HTMP in dog plasm=a3 days, six replicates per day)

Added C (ng/ml) Found C (ng/ml) Intra-day R.S%) Inter-day R.S.D. (%) Relative error (%)
400 3998 5.8 6.0 0.0

10000 103493 24 5.0 35

40000 405965 54 5.5 15

Relative error: R.E. (%) =100 (mean concentratior nominal concentration)/nominal concentration.
a Relative standard deviation.

were investigated. ESI was adopted to quantify TMP and 3.5. Accuracy and precision

HTMP in dog plasma due to its lower levels of background

noises. Parameters involving capillary temperature, vapor- The accuracy and precision of the method were evalu-
izer temperature and flow rate were optimized to obtain the ated based on the data from QC plasma samples at three
protonated molecules of the analytes. The fragmentor en-concentrations (40, 600 and 6000 ng/ml for TMP and 40,
ergy was optimized to achieve maximum response of the 1000 and 4000 ng/ml for HTMP) in three validation runs.
fragment ion peaks. Selected ion monitoring (SIM) in pos- The accuracy was determined by calculating the percentage
itive mode was used for the quantitation of TMP, HTMP deviation observed in the analysis of QC samples and ex-
and caffeine atm/z 137.2, 153.2 and 195.2, respectively. pressed in the relative error (R.E.). The intra- and inter-day
Two detection channels were adopted, channel 1 (MSD1) precision was expressed as the relative standard deviation
for internal standard and channel 2 (MSD2) for TMP and (R.S.D.). As shown ifTables 1 and 2for each QC level of

HTMP. TMP or HTMP, the inter- and intra-day precisions (R.S.D.)
were <7.4% for TMP and<6.0% for HTMP, and accuracy
3.2. Selectivity (R.E.) was£6.0% for TMP and<3.5% for HTMP, indi-

cating the acceptable accuracy and precision of the method

The results for selectivity are shown Fig. 2 The re-  developed.
tention times were 4.4 min for TMP, 2.7 min for HTMP and )
2.7 min for caffeine. The quasi-molecular ions for the quanti- 3-6- Extraction recovery
tative determination of the analytes wen& 137.2 for TMP,

Mz 153.2 for HTMP andwz 195.2 for caffeineFig. 2indi- The extraction recoveries of TMP and HTMP from
cated no interferences from endogenous substances in plasmd09 plasma were determined by comparing peak areas

from standard solutions at the same levels. The results
showed that the extraction recoveries from dog plasma were
90.5+ 11.4%, 108.0Gt 7.5% and 100.3- 4.9% at concentra-
tions of 40, 600 and 6000 ng/ml for TMP, and 8%+7.8%,

I-iIL)Or et\i/arlluatcrevthewllr;e?jrltty ror;it:e dL|rC1:t_r|MI|S n:ethr?tdh,rplasma 86.34+2.7% and 88.3- 3.4% at concentrations of 40, 1000
calibration curves were dete e plicate o eesepa-_ 4 1000 ng/ml for HTMP.

rate days. Representative regression equations for the calibra-
tion curve wasy=5.10x 10~%x+4.97x 1073 (r=0.9929) .

- 5 3, _ 3.7. Stability
for TMP andy=4.99x 10~°x+ 1.45x 10 ° (r =0.9957) for
HTMP. Good linearity was observed over the concentration
ranges of 20—6000 ng/ml for TMP and 20—4000 ng/ml for
HTMP.

3.3. Linearity

The stability of TMP and HTMP in the supernatants af-
ter protein precipitation was determined. Both analytes were

350
3.4. Lower limit of quantitation

2

The lower limit of quantitation (LLOQ) is defined as the E40

lowest concentration analyzed with an accuracy less than
20% and a precision less than 20%. LLOQ for both TMP
and HTMP was found to be 20 ng/ml. At this level, the accu-
racy was 0.45% for TMP and 1.9% for HTMP, and the inter- 0 4 8 12 16 20 24
and intra-precisions were 7.8% and 3.8% for TMP and 9.3% Time (h)

and 14.0% for HTMP. Representative SIM chromatogram of
plasma sample with TMP and HTMP at LLOQ level is shown
in Fig. 3.

140

3

Concentration (ng/ml)

(=]

Fig. 4. Mean plasma concentration—time profiles of TMP and HTMP after
oral administration of two aspirin and tetramethylpyrazine phosphate sus-
tained release tablets (equivalent to 300 mg TMP) to six beagle dogs.
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found to be stable for at least 12 h after sample preparationmizing the losses of the analytes and facilitating its applica-
at ambient temperature with an accuracy (R.E.) ranging from tion in the pharmacokinetic studies of TMP formulated prod-
—8.5% to—13.6% for TMP and from 5.8% to 10.9% for ucts. It also offered high sensitivity for both analytes with a

HTMP at three levels of QC samples. lower limit of quantitation of 20 ng/ml, wide linearity and sat-
isfactory selectivity. It can be used for the pharmacokinetic
3.8. Application of the developed LC—MS method studies of tetramethylpyrazine formulation products.

The LC-MS method achieved satisfactory results for
the determination of TMP and HTMP in dog plasma and References
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