Chin J Pharm Anal 2011 31( 8) — 1435 —

12 2 2 2 12*
(1. 215006; 2. 201203)
—10 mmol + L~' - (55:45:0.1 v/v/v) Zorbax SB C;; (150 mm x4. 6 mm 5 pm)
( SRM) m/z 254—44( ) m/
z 243—210( ) o : 10. 0 ~ 5000 pg * mL ™' 10.0 pg
mL~". . ( RSD) 10. 0% (RE) +3.6% . .
:R917 tA 10254 - 1793(2011)08 - 1435 - 05

LC - MS/MS determination of tizanidine in human plasma
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Abstract Objective: To develop and validate a liquid chromatography — tandem mass spectrometric ( LC — MS/
MS) method for the determination of tizanidine in human plasma. Methods: Tizanidine and the internal standard
huperzine A were separated from plasma by alkalinized liquid - liquid extraction with diethyl ether. Chromatographic
separation was performed on a Zorbax SB C( 150 mm X 4.6 mm 5 pm) column with an isocratic mobile phase
consisting of methanol — 10 mmol * L ™" ammonium acetate — formic acid (55:45:0.1 v/v/v) . A tandem mass spec—
trometer equipped with electrospray ionization source was adopted as detector. Selected reaction monitoring ( SRM)
transitions of m/z 254—44 and m/z 243—210 were measured in positive mode for tizanidine and internal standard
respectively. Results: The linear concentration range of the calibration curve for tizanidine was 10. 0 - 5000 pg *
mL ™", The lower limit of quantification was 10. 0 pg * mL~". The intra — day and inter — day relative standard devia—
tion over the entire concentration range was less than 10. 0% . The accuracy was within 3. 6% in terms of relative
error. Conclusion: The method is sensitive and suitable for pharmacokinetic study of tizanidine in human subjects.
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- 10 mmol « L' - (55:45:
o 0.1 v/v/v); 0.50 mL * min; 35 C;
20 pLo
Y.GC-MS 7, 2.3
4 ; GC-MS’ 874 pg
N emL™' o - (50:50 v/v)
o API 4000 0. 040
LC - MS/ 0.120 0.400 1.20 4.00 8.00 20.0 ng * mL ™'
MS ° (4 mg) :
50 pg * mL ™" 20.0 ng * mL™'
(2 mg) 1.0
LC — MS/MS mg'mLfl ° - (50
o 150 v/v)
1 0.100 2.00 16.0 ng * mL ™" o
1.1 Thermo Finnigan TSQ Quan-— 2.4 200 pL
tum Ultra - - (50:50 v/v) 50 pL (20.0
( ESI) Xcalibur 2. 0.7 ; ng * mL~' )40 L 2 mol *
Agilent 1100 ( GI311A L™ 100 pL ;3 mL
G1367A G1316A 1 min 10 min(240  * min") 5
G1322A ) Agilent ; Turbo Vap* min( 2100 g)
LV Zymark ; Milli — Q Gradient 40 °C 100 pL
Millipore yDAS 2.0 20 pL LC - MS/MS o
o 3
1.2 ( 3.1
99.9%) ; ESI
( 100% ) M+H * m/z 254 m/z
o ( 2mg 090102) 243, M+H *
° ( 1)
( ): (Sig- m/z 44 m/z 210
ma ). ( Fluka ) ( Tedia i
) X Millipore o 3.2 6
2 200 pL.  “2.4” ( )
2.1 20 pL 2 - A
ESI 4.2 kV,
320 C; (N,) 6. 125 MPa; (N,) 2 -B.
1. 400 MPa; (Ar) 0. 160 Pa; 3.4 min 3.3 min,
; ( CID) 30 eV; 2 - Co,
( SRM) ;
m/z 254 —44( ) m/z .
243—210( ), 200 ms. 3.3
2.2 6 (2 mg)
Agilent Zorbax SB C,4 7 o
(150 mm x4.6 mm 5 pm) ; Phenomenex Se— 200 L 50

curity Guard C;g (4.0 mm x3.0 mm 5 pm) ;

L 10. 0 30.0 100 300 1000 2000
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50 150 250 350 (W=1/X")
A
m/z 210 209,
Y=3.90x10 "X +2.73 x10™* +* =0. 9937
_ e 2T 10. 0 ~ 5000
) ' wsz 2"3‘11 pg * mL'.
78 QE 1:3‘9.90 133'?" . . —226.83 2 d 10 0 .
50 150 250 n/z -V bg
i mlL ™' 6
1 (A) (B M+H * °
(RSD)  6.9% (RE) 5.3%.
Fig1 Product ion mass spectras of M +H * of tizanidine ( A) and hu- LC — MS/MS
perzine A ( B) 10.0 pg * mLflo
3.4 200 L
[1 »
mz 254 — m/z 44 3.3 ~ o~ 3
(25.0 500 4000 pg * mL"") (0C)
m/z 243 — m/z210 6 3d
I T T T 1 QC
0 1 2 3
. 1.
1 3 ( RSD)
m/z 254 — m/z 44 »N]\w 10. 0% ( RSD) 8. 1%,
(RE) +3.6% . .
2
7
m/z 243 = m/z 210 ’
1 LC-MS/MS
f T T T 1 (n =3 6 )
0 1 2 3 4
B Tab 1 Precision and accuracy of the LC - MS/MS
1 method to determine tizanidine in human plasma
e 254 — mfz 44 (six sample each day at each lever)
( concentration) /pg * mL ~! ( precision) RSD/%
2
(RE) /%
miz 243 — m/z 210 (added) ( found) (intra — day) ( inter — day)
25.0 24.6 10.0 8.1 -1.7
(I) i é 1,3 “1 t/min 500.0 487.0 7.6 1.7 -2.6
¢ 4000. 0 3858.0 5.7 6.6 -3.6
2 SRM
Fig 2 Representative SRM chromatograms of tizanidine and huperzine A 3.5 N
-1
in human plasma. N (25.0 500 4000 pg * mL ™)
A. ( blank plasma)  B. 10.0 ( n= 6) o
pg* mL™! 4.00 ng * mL "' ( blank plasma spiked R
with tizanidine 10. 0 pg * mL ™" and huperzine A 4. 00 ng * mL~") 3 96. 1%
C. 2 0.75 h lasme
e h trlesma 10606 106%
0.75 h after an oral administration of 2 mg tizanidine to a healthy volun—
o) 65.6% .
1. ( tizanidine) 2. ( huperzine A) 6 200 I.LL

5000 pg * mL ™'

“2. 4 ”»
N 50.0
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10 h o (0 h)
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8.0 10 h 4 mL 10 min( 2880 v/) 6 (0.50
g) -20%C o mL * min~") ESI
NN
) QC -
o : o c
2 mg
- 3 20 pH 10.0
! (2 mg) ~13.0 o 2 mol » L™ (pH
- ° 12)
0.767 h . (3 ml)
o DAS 2.0 .
D Ch (1782 £960) pg ©
mL™" ¢, (1.63 £0.45) h AUC, ,, (3926 = (200 wl)
1815) pg * h * mL™" AUC, ., (4005 +1839) pg 74.9 90%

e h » mL™',

LC - MS/MS
( 2)

3.3 min 3.4 min;
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2 LC-MS/MS
Tab 2 Comparision of LC — MS/MS methods for the determination of tizanidine in plasma
6 ( reference) © ( current study)
I (instrument) API 4000 ( API 4000 triple  TSQ Quantum Ulira (TSQ
quadrupole instrument) Quantum Vtha triple quadrupde instrumehn)
2 ( ion transition) (ESI( +) MRM) ESI( +) MRM
m/z 254. 1—>m/z 44.1( CE =50 V) m/z 254—m/z 44( CE =30 V)
m/z 409. 1—-m/z 228. 1( CE =30 V) m/z 243—m/z 210( CE =30 V)
3 (internal standard) ( tamsulosin) ( huperzine A)
4 ( column) Water symmetry Cg column(5 pm 150 mm x4.6 mmi.d.)  Zorbax SB Cyg column(5 wm 150 mm x4, 6 mm i. d.)
5 ( mobile phase) 2 mmol * L.7! ( pH 2.8- ~10 mmol + L7} - methanol — 10
2 mmol * L.~! ammonium formate( pH 2.8 adjusted with ~ mmol * L ~! ammonium acetate — formic acid ( 55:45:
formic acid) — acetonitile ( 10:90 /) 0.1 v/v/v)
6 (flow rate) /mL * min~' 1.0 0.5
7 (injection volume) /uL 10 20
8 (run time) /min 1.49 (tizanidine) ;1.39 (tansulosin) 3.4 (tizanidine) ;3.3 ( huper—
4imd
9 ( processing volume) /mL 1.0 0.2
10 ( preparation procedures) - (7:3 v/v) 5 mL extraction  ( extraction with 3 mL diethyl ether)
with 5 mL diethyl ether — dichloromethane( 7:3 v/2) 5 mL
11 (linear concentration range) /pg * mL ~! 50 ~5000 10 ~5000
12 (LLOQ) /pg * mL~! 50 10
13 ( Application) 1 SRM ( giving SRM chromato- ( giving main pharmacokinetic pa-
grams of a subject sample) rameters)
. ( +8.1% .
) (
4.9%) . .
2 mg 1 Wagstaff AJ Bryson HM. Tizanidine: A review of its pharmacology clinical
efficacy and tolerability in the management of spasticity associated with
10 h (24.5 £20.7) pg * . ,
cerebral and spinal disorders. Drugs 1997 53 (3) :435
ml ™ 6 2 Tse FL Jaffe JM Bhuta S. Pharmacokinetics of orally administered tizani—
° 9 dine in healthy volunteers. Fundam Clin Pharmacol 1987 1 (6) :479
9 3 Emre M Leslie GC Muir C et al. Correlations between dose plasma con—
4 mg t ( L6+ centrations and antispastic action of tizanidine ( Sirdalud) . J Neurol Neu—
o rosurg Psyckiatry 1994 57 (11) : 1355
0. 2) h C"'E'X AUCO’w ( 1.7 £0. 9) ng * mL 4 Heazlewood V Symoniw P Maruff P et al. Tizanidine — initial pharmaco—
(5.7+3.6) ng ¢ h e mL ™" 20 kinetic studies in patients with spasticity. Eur J Clin Pharmacol 1983 25
2 mg t,, (1.63 (1):65
+0. 45) h Cmax AUCo_x ( 1.78 +0. 960) ng ° 5 Lee ] Seo JH Kim DH. Determination of tizanidine in human plasma by
mL-! (4 0l <1, 84) ng * hoe mL-'. ga-s (:}.unmalograp‘hy — mass spectrometry. Analyst ?(?02.127 (7) Z9‘l7‘ .
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8 Viswanathan CT Bansal S Booth B et al. Quantitative bioanalytical meth—
5_6 ( 200 ods validation and implementation: Best practices for chromatographic and
ligand binding assays. Pharm Res 2007 24 ('10) : 1962
'J,L) ; 10 pg ° mL™'. 9 Backman JT Karjalalnen MJ Neuvonen M et al. Rofecoxib is a potent in—

hibitor of cytochrome P4501A2: studies with tizanidine and caffeine in
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