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Simultaneous determination of three antiepileptic drugs and one active metabolite in
human serum by HPLC — MS/MS
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Abstract; Objective
liquid chromatography tandem mass spectrometry ( HPLC - MS/MS )

To establish and validate a high performance

method for simultaneously determining the serum concentration of
lamotrigine ( LTG ) , levetiracetam ( LEV ) , oxcarbazepine ( OXC ) and
monohydroxycarbazepine ( MHD ), which is applied for clinical blood
concentration detection. Methods A simple one — step precipitation
method was used for the serum sample pretreatment, and stable isotopes

of two antiepileptic drugs ( OXC - D4, LEV — D6 ) as the internal
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standard. The mobile phases were aqueous solution of 0. 1% formic acid and 5 mM ammonium acetate( A) and methyl
alcohol (B) ,

(100.0 mm x4.6 mm,3.0 wm). The column temperature was 40 °C. Positive ion scan analysis was carried out in

and the gradient elution was performed at the speed of 0.6 mL + min~' for 6 min on Phenomenex C,q

multi — reaction monitoring mode, using electrospray ion source. The specificity, standard curve and lower limit of
quantification ( LLOQ) ,

patients treated with LRG, LEV or OXC in hospital were included as the research object. Blood samples were collected

accuracy and precision, extraction recovery, matrix effect and stability were evaluated. The

after the blood concentration reached a steady state and the serum concentration was detected by the method developed
The method demonstrated good specificity. For LTG, LEV, OXC and MHD,
linearity was observed in the ranges of (0.20 —25.00), (0.39-50.00), (0.04 —=5.00), (0.31 =40.00) pg - mL™",
respectively. The linear equation of LTG was ¥ =0.99x +0.02 (r=0.9992), LEV was ¥ =0.55x +0.01 (r=0.9994), OXC
was ¥y =4.35x +0.04 (r=0.998 9), and MHD was y =0. 56x +0.01 (r=0.998 7). The LLOQs were 0.20, 0. 39,
0.04, 0.31 pg + mL™' Acceptable accuracy as well as intra — batch and inter — batch precision were
achieved; relative error (RE) and relative standard deviation ( RSD) were all <15.00%.
reached the standard (88.56% ~112.18% , RSD <15.00% ) , without significant matrix effects and carryover effects.
The serum samples of LTG, LEV, OXC,
-20 °C for 14 days,
hours, and post — treatment storage in the autosampler (4 °C) for 24 hours, with all RSDs <10. 72%.

in this study. Results outstanding

, respectively.

The extraction recoveries

and MHD exhibited stability under the following conditions: storage at

three freeze — thaw cycles ( =20 °C to room temperature ), room temperature exposure for 3

The analysis of

145 clinical samples showed that the linear range could meet the clinical needs. Conclusion This study successfully

established a HPLC — MS/MS method to simultaneously quantify the serum concentration of LTG, LEV, OXC and
MHD. The method is simple, economical accurate and efficient, which has promotional value.

Key words : levetiracetam; oxcarbazepine; 10 — hydroxycarbamazepine; antiepileptic drugs; high

lamotrigine ;
performance liquid chromatography tandemmass spectrometry ; therapeutic drug monitoring
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99.90% , HiAs : 4 3 100 mg, it *5-: 100775 - 201902, 1%
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— NREBE5E
gL 4%+ . Phenomenex Cg(100. 0 mm x
4.6 mm,3.0 wm) ; HEIE 40 °C; A S mmol « L' 2R
Biehy 0. 1% WKW (A) — WEE(B) it s Al ; 16
FEVE AR F:0 ~ 0.5 min, 60% B;0.5 ~ 4.0 min,
60% —98% B;4.0 ~5.0 min,98% B;5.0 ~5.1 min,
98% —60%B; 5.1 ~ 6.0 min, 60% B; i H:
0.6 mL + min "' ;ﬁﬁéizl ML;ﬁﬁ%&Yﬂ%Etél C,
Big &M FIRWSE 8 I, AT IR R T 2 SO
AT 8 5 AT U 77 137,90 kPas B 1 I 55
HLE 5 500 Vi B 1 PR JE 650 Cs bR
413. 69 kPa; 4l Biinides 5 1 413. 69 kPa; I FE &
P B %F 4 51 8 m/z 256.0—211.0 (LTG) . m/z
171.0—126. 2 (LEV) .m/z 253. 0—180. 2 ( OXC) .m/z
255.0—194.1 (MHD) . m/z 177.0 —132.2 (LEV -
D6) .m/z257.0—184.2( OXC - D4) ,LTG .LEV ,0XC ,
MHD .LEV - D6 F1 OXC - D4 =52 H JE 435724 80. 00,
47.00 ,54. 85 .70. 00 ,40. 80 1 54. 85 V, filf-fi B3, 4351
>4 37. 90 .42. 00 ,30. 00 ,38. 76 ,22. 01 £ 38.76 eV,
MRmEERETERRES AFERI LTG,
LEV \OXC H1 MHD 75 74 &, i FY et 5 i, o) o it 2
BE43 514 2,50 .10. 00 ,1. 00 0. 50 mg + mL ™" [1y%] B8 5
Bl AR A RS IR Al o B — 2 LU R 5 0 F
BEB A FE, 133 LTG ik B2 7351 0 250. 00,125. 00,
62.50.31.25.15.63.7.81.3.91,1.95 pg - mL.™", LEV J&
R 43 51 4 500. 00,250. 00 ,125. 00 ,62. 50 ,31. 25 |
15.63.7.81.3.91 pg - mL™", OXC Jif & ¥k & 20 51 Ky
50.00, 25.00, 12.50, 6.25, 3.13, 1.56, 0.78,
0.39 pg - mL™', MHD Jf & ¥ & 43 5 & 400.00,
200.00, 100.00, 50.00, 25.00, 12.50, 6.25,
3.13 pg - mL ™ IR A A o il 2 TP TR )3 T A
LTG JFi &4 i 43 %24 200. 00 .27. 78 4.63 g - mL~",
LEV J5i 8k 543 5124 400. 00 ,55. 56 9. 26 wg - mL ™",
OXC i 1 B 43 1 & 40.00.5.56.0.93 pg + mL~",
MHD J5i &k 543 510 320. 00 44. 44 7. 41 pg - mL™'
TR F B TAEG T - 20 CROBIRAT
MARARECH PRI LEV - D6 1 OXC - D4
#% 1 mg, I AR, 23 3 S LEV - D6 il OXC - D4
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it 45 W8, in PR P R A 3 R R o ik R 4
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12.50.6.25.3.13.1.56 ,0. 78 ,0.39 0. 20 pg - mL™",
LEV Jf & ¥ & 4> %] 4 50.00,25.00,12.50,6.25,
3.13.1.56.0.78.0.39 pg - mL™", OXC Jfi v B 43 5
J5.00, 2.50, 1.25. 0.63, 0.31, 0.16, 0.08,
0.04 pg - mL™" ,MHD JF ¥ & 4 5y 40. 00 ,20. 00
10.00.5.00 2.50.1.25.0.63.0.31 pg - mL™"' ByF5%E
2R B, UL 2 LTG Jii &k BF 0.20,0.46,2.78 .
20.00 pg - mL~", LEV Jf & ¥ B 0.39.0.93.5.56,
40.00 pg + mL™", OXC Jfii & % £ 0.04.0.09 0. 56,
4.00 wg - mL™", MHD Jfi & V& & 0.31,0.74 4. 44
32.00 pg - mL ™" I L HP L T AR R I T SR AR

MiEFRRE AR IS0 L AR MV A i,
A 800 wL B & W AR % WK, W BE 1 min, DX
14 000 r + min "' B0 10 min, f{ 100 pL IR L
M 7K (502 50) 5K 800 WL, ¥R 5] Ja A 734 o
3 AEFEER

EEME  nlBURRDRIE M 25 1 E 6 4y, HilK
AHE M2 HIE + BG5S (ff LTG
LEV ,OXC . MHD J& & ¥k & 43 51 & 0. 20 .0. 39 0. 04 ,
0.31 wg » mL™") F1%5 (ML + M AR (LEV - D6,
OXC —D4) , ¥ “ IfiL 7 FF & Ab B J7 75 4b 1 )5 284 43
Br il sk, LSk T E

tREMZEEE= TR (lower limit of quantifica-
tion, LLOQ)  HUhrE M A i % 50 wL, 4% 1L+
i AL BRI VAL RS AR 3T o 43 AR I 43 1Y) JBT
TR A REAR AR () , B B 5355 X8 b7 1A A ) 06 T R
FAE A AR AR () IEATER R 11 204 (R R 1/47)
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BEESEWER IR AR 2 i 5 A

e PR B IMVE R i AR B 30T 5 iR, 4 LLOQ
AR e B B R SR ) ALY At it , 5 MR P TG
il 6 173, LABEA AR ih Ze 530 S e B, B S I e 2
SPIEA L, TS R B, LUAE X 5% 22 (relative error,
RE) F7R ;%42 3 d HAENE , RN SRS %,
LIFH R 45 M i 22 (relative standard deviation, RSD) 3
o FEIR“ BRI SR S 5 Pt i O] 0 07 5 1 A
IR H R 3 T B Y I TR e LI R
AEF” TR BRAE IS HERE AT K B 5 A B e T ER LG
HICH Ao HU6 By ANIRI R Y 25 1 LT , 44 ML A
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Figure 1  Typical chromatograms of the analytes and internal standards

A: Blank serum; B: Blank serum + analytes + internal standards; C: Blank serum + internal standards; LTG: Lamotrigine; OXC: Oxcarbazepine; LEV:

Levetiracetam; MHD: Monohydro xycarbazepine.
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FREMEZSEE TR LTG(HMtrl LEV - D6)
B PE T FE N ¥ =0.99x +0. 02(r =0.999 2) ,LEV( 4
Frky LEV - D6) W&t 07 #£ 8 y = 0.55x + 0.01
(r=0.999 4) ,0XC( NN OXC - D4) [LNETTFE N
y=4.35x+0.04(r =0.998 9) , MHD ( 4 %5k OXC -
D4) LR FE R y =0.56x +0.01 (r =0.998 7),
LTG .LEV . OXC il MHD 43 5 7£ (0.20 ~ 25.00) .
(0.39~50.00) . (0.04 ~5.00) F1(0.31 ~40.00)
g - mL T N ZR PR RLAE, R R4 0.20,0.39,
0.04 F10. 31 pg - mL™" 0] 3% LTG .LEV FI MHD ff)
I DR 4 77 Mk B SO L, BP (2.5 ~15) (12 ~46)
(3~35) pg - mL™"" [l OXC fy 2RV 7 Bl 14 1) i
EYRI,

BHEESEKE LTG . LEV 0XC #l MHD 4
LI T o At B RORS %5 B R 4 (RE A1 RSD 1y <
15.0% ) , FF-GHE PR fit 2 B 43 B 5 10k B TiE 9 R DR 22
SRETIT LRI M A5 I B A3 1 4R B[] i R A T
88.56% ~112.18% Z[a], 4EFL#E 1,

ERIARL A oo 0o Ve B ) o s A it - 3
PIH — A BTN R F- 4 T 87.23% ~ 108. 02% Z
], LB AN T4 LTG \LEV ,0XC FiI MHD A9l 22 ,

2,

REME A W B 19 I35 B e i e - 20 °C
JCE 14 d 2 ERER 3 ( -20 C ~ %) V&=l 3 h
AP S BF #EREd (4 C) 24 h (25 FF,RSD 1Y
<10.72% , {5 LTG .LEV ,OXC F1 MHD B9 Jfi #5545 b
TE LR B AR E

T2 HIBAH 3% R IR T D 5 I i 5 =8 e LA
AR PG B AR ) B R B2 (Y S B0 (n = 6)

Table 2 The matrix effects of the determination of lamotrigine,
levetiracetam , oxcarbazepine and one active metabolitein plasma by

liquid chromatography — tandem mass spectrometrg(n =6)

e Concentration Matrix effects RSD
(pg-mL) (xes, %) (%)

LTG 0. 46 99.58 +8. 44 8.48
20.0 97.33 £2.40 2.47

LEV 0.93 102.50 +£3.85 3.75
40.0 97.87 £3.28 3.35

0XC 0.09 97.40 +£5.25 5.39
4.0 91.86 +£1.93 2.10

MHD 0.74 92.46 £5.23 5. 66
32.0 93.01 £3.78 4.06

R TR T R IR v I 52 I 3 PR B =R A SR I SR P ST B AR S e B T B SRS B (n = 6)

Table 1 The precision and accuracy of the determination of lamotrigine, levetiracetam , oxcarbazepine and one active metabolitein in plasma

by liquid chromatography — tandem mass spectrometrg(n =6)

Intra — batch

Inter — batch

Concentration Extraction
ltem 4 Concentration RSD RE Concentration RSD RE recovery
(pg-mL™)
(ng - mL™") (%) (%) (pg - mL™") (%) (%) (%)
LTG 0.20 0.19 +£0.01 5.34 -0.58 0.19 +£0.01 7.25 -2.12 -
0. 46 0.48 +0.02 3.13 4.13 0.49 +0.03 5.26 5.45 95.84 +5.33
2.78 2.83+0.16 5.79 2.04 2.94 +0.20 6. 80 5.71 100. 14 £2.21
20. 00 19.23 +0. 66 3.41 -3.87 19.53 +0. 64 3.26 -2.38 95.07 +5. 19
LEV 0.39 0.38 £0.02 5.12 -2.33 0.41 +0.03 6.85 4.08 -
0.93 0.93 +£0.07 7.38 0. 89 0.92 +0.09 9.27 -0.41 106. 70 £5. 47
5.56 5.55+0.21 3.87 -0.16 5.55+0.33 5.94 -0.17 100.24 +3. 14
40. 00 39.28 +1.93 4.92 -1.79 39.65 +2.09 5.26 -0.87 94.93 +3.97
0XC 0.04 0. 039 +0. 004 11.44 -0.27 0.04 +0. 004 10. 04 2.64 -
0.09 0.09 +0. 01 6.57 -1.00 0.09 +0.01 7.63 -2.06 99.43 +3.13
0.56 0.58 +0.03 4.59 5.15 0.57 £0.04 7.47 2.08 96.31 +3. 86
4.00 3.98 +0. 18 4.43 -0.50 3.88 +0.20 5.11 -3.07 98.10 +4. 12
MHD 0.31 0.31+0.02 5.82 -1.55 0.31+0.02 7.92 -0.12 -
0.74 0.76 +0. 03 3.68 2.60 0.73 £0.05 6. 46 -1.71 108.70 1. 64
4.44 4.45 +£0.47 10. 66 0.17 4.29 +0.33 7.61 -3.37 99.69 +1.98
32.00 31.54 +1.58 5.02 -1.43 31.67 £2.73 8.63 -1.02 99.66 +7. 89

RSD: Relative standard deviation; RE : Relative error.
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iK% 0.04 pg - mL™' LR, i LEV ¥ & 0] & ik
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