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H E BH 2IFMMNEHERE LR PIE =%(LTG), £ LG (LEV)fevt £ 4 2 (PER) # B 89 7 ik 5F 5 A Tk R,
ik R HRETHILEEZ GG, VA PER-D: A WAR, KA & 80k A8 & - % B3 (UPLC-MS/MS) k4l , & 342 A
ACQUITY UPLC HSS T3 Cu, A3 484 4 0.1% ¥ 82 %) 5 mmol/L T 8245 ik - T (M L fit) , i ik 4 0.3 mL/min, 4238% % 40 °C,
HAEFTAS UL, A A AL ming RARRFEE TR, ASAERMNF XEFES T2, A TEELMGE T35 A miz
255.9—144.9(LTG) .m/z 171.1—126.1 (LEV) .m/z 350.1—219.0(PER) .m/z 354.9—220.2( W 47)., KA Li& UPLC-MS/MS %Ml &
1460 B4 0 25 i B L 8 P LR e Ae A 5k, R LTG.LEV . PER &M R & 3K E ¢ &M 58 B 451 4 0.15~24 wg/mL
(R*>0.993) .0.312 5~50 wg/mL(R*>0.997) .6.25~1 000 ng/mL (R*>0.995) , & ¥ F FE 4 %] 4 0.15 pg/mL.0.312 5 wg/mL.6.25
ng/mL;3AF 545 B W | B 45 % B X509 RSD ¥ R & T 9.83%, /& # B (AR AFiR £ ) A —9.33%~13.72%(n=6 Z n=18) ; -F ¥ 4TI
B F ) 86.4%~97.9% , F 35 2 i R 4 86.9%~110.0% (n=06) ; 72 & 1h3X Ih 69 48 3% £ 3T K T 15%. 14 4] & )Lﬁi m
LTG.LEV .PER ##4 2 &3 5 %) 4 (5.64 +4.03) wg/mL . (10.67 £ 8.78) pg/mL . (450.20 + 251.27 )ng/mL , &% B ik 47 %

71.4% .37.5% 84.6%., Z5it P77 UPLC-MS/MS % % B b 3% Aok & e, o7 A T B4R 25 500 B U9 e 25 3 % ),

KEIE BEEEvA ACEEE A MAmREIL; ST YN A SRR & k- B IRk

Establishment and application of the method for plasma concentration determination of lamotrigine,
levetiracetam and perampanel in children with epilepsy

SONG Wenlin', ZHOU Ying', CHEN Haoran®*, LIN Ziyue’, LI Yan', LIU Jie’, JIN Taiwei', ZHOU Xugqiang’
(1. Dept. of Pharmacy, Children’ s Hospital of Suzhou Wujiang District, Jiangsu Suzhou 215200, China; 2.
General Office, Children’s Hospital of Suzhou Wujiang District, Jiangsu Suzhou 215200, China; 3. School of
Pharmacy, Soochow University, Jiangsu Suzhou 215100, China;4. Dept. of Neurology, Children’s Hospital of
Soochow University, Jiangsu Suzhou 215008, China; 5. Dept. of Reproductive Medicine, the Second Affiliated
Hospital of Zhejiang Chinese Medical University, Hangzhou 310005, China; 6. Dept. of Clinical Laboratory,
Children’s Hospital of Suzhou Wujiang District, Jiangsu Suzhou 215200, China)

ABSTRACT OBJECTIVE To establish a method for simultaneous determination of plasma concentration of lamotrigine (LTG) ,
levetiracetam(LEV ) and perampanel (PER) in children with epilepsy and apply this method in clinical practice. METHODS Plasma
proteins were precipitated with acetonitrile. Using PER-D; as internal standard, ultra-high performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS) method was adopted. The determination was performed on ACQUITY UPLC HSS T3
Cis column with mobile phase consisted of 0.1% formic acid with 5 mmol/L ammonium acetate-acetonitrile (gradient elution) at the
flow rate of 0.3 mL/min. The column temperature was 40 °C, and sample size was 5 pL. The analysis time was 5 min. The
electrospray ionization source and multiple reaction monitoring mode were used for positive ion scanning. The ion pairs used for
quantitative analysis of LTG, LEV, PER and internal standard
were m/z 255.9—144.9, m/z 171.1—126.1, m/z 350.1>219.0
and m/z 354.9—220.2, respectively. The steady-state trough
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RESULTS The linear ranges of LTG, LEV and PER were 0.15-24 pg/mL (R*>0.993), 0.312 5-50 wg/mL (R*>0.997) and 6.25-
1 000 ng/mL (R*>0.997), respectively. The lower limits of quantification were 0.15 wg/mL, 0.312 5 pg/mL and 6.25 ng/mL,

respectively. RSDs of intraday and interday precision tests of the three drugs were no more than 9.83%, and the accuracies (relative

errors) were between —9.33% and 13.72% (n=6 or n=18) ; the average extraction recovery rates were 86.4%-97.9%, and the

average matrix effects were 86.9%-110.0% (n=6). The absolute values of the relative errors in the stability tests were all below
15%. The steady-state trough concentrations of LTG, LEV and PER were (5.64 £4.03)pg/mL, (10.67 £8.78) wg/mL and(450.20 £
251.27) ng/mL, respectively; the rates of achieving target trough concentrations were 71.4%, 37.5% and 84.6%, respectively.
CONCLUSIONS The established UPLC-MS/MS method is specific, rapid and suitable for the plasma concentration monitoring in

epileptic children receiving combination therapy.

KEYWORDS lamotrigine; levetiracetam; perampanel; epilepsy; children; therapeutic drug monitoring; UPLC-MS/MS method
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B B 2 S 20 2 4 S AR DG R HETEAE 15 7 AEDs TR
IT RS I R 3 BN 5 I A Z 2585 R 7. it
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GAKE-3-FR 5L -5- H B -4- S WE e TN 1 1R 4 S R A2 AR S it
RGN = P I W N E W N B VR T (6]
R ME R AR TG I PERAE FHALSIAER , 7EXEYR
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1 #F#
1.1 FENUE

AHIFFE T B35 UPLC-Xevo TQ-S AU
ST RR €2 3 - AR I = DU AR TR S S ( 3 [ Waters 24
A]) . Milli-Q Advantage % # 4l 7K A% ( 32 [ Millipore 2
F]) . AB-204-N # B, T K (Hij -+ Mettler Toledo A F] ) |
995 A I vK4# (3% [ Thermo Fisher Scientific 23 ) ) |
Vortex Genie 2 &Y jix JiE 9% 1% 1 ( € [ Scientific Industries
8 F]) (Allegra 64R Y =y (IR 25041 (36 & Beckman 23
CIDE
1.2 FEHBSIAH

PER X HE 5 (65 P126771, 45 98% ) \LEV X} f& 5
(4t 5 B1528010, 4 i 99%) . LTG %I B8 & (4t &
H2217428, 41 i 98% ) 43 H L1 Bl T A Ak Bz S fy
B2 H] 5 LA 145 -Ds (PER-Ds) X B8 5 (945, 415
20221028, 4li i 100%) 1 { &K TRC 2~ 5] HR . 4

i Y R g o, KO SEG B Atk .
1.3 ZAIMmEK

Az I R M T SRV L3 B e I R4 AL
2 FHiEEHER
2.1 ‘ESRESY

X ACQUITY UPLC HSS T3 Cis(2.1 mmX 100 mm,
1.8 wm) R A 3EAE, LAF 0.1% P EZAY 5 mmol/L 2 FRER 1%
WM SR ACKAR) L I R shA B CRHLAD 2174
BEVENE(0~1 min, 5%B; 1~3.5 min, 5%B—95%B; 3.5~
4.5 min, 95%B; 4.5~4.6 min, 95%B—5%B; 4.6~5 min,
5%B) ; I % o~ 0.3 mL/min; #: ¥ A 40 °C; YEFE R A 5
pL; 43 M [E] 24 5 min,

K W55 88 18, DL 2 Oz W I (multiple reac-
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tion monitoring, MRM) J7 AT IE &5 494 5 25+ I
4 500 °C 5 5§55 L RN 3 KV 825 8% 1K /1M 7 bar (1
bar=100 kPa) ; 5T Jit # 4 150 L/h; T4 AR 5 R
1000 L/h, 3% AEDs K BRI S SEULE 1,

*1 3T AEDs K WirHIRIES

Frillg {REAEF ) min B iz FEFm: PR RV
LTG 3.03 2559 1449 36 R
LEV 273 1711 1261 2 12
PER 421 350.1 219.0 76 30
R 419 3549 2202 130 47

2.2 ARAIESH
2.2.1 NP SRR BT A T

¥ % FRELLTG . LEV . PER XJ B8 /i, 10.70,11.01 ,4.53
mg, ] &G W Al 0 52 25, 43 ) i) ot B vk B 2 R 1
mg/mL [ 5L — 5% A AR o 40 SR b AR B — o)
i f A 240,500, 10 wL ZE [/l — 2w IS G
BH (I SRR 1 1IRA, R IR 250 L i B 5
TR AR TR B R, FHR R FRIRR R, 43 3 A LTG o ik
43501k 240,120 .60,30.15.3. 1.5 pg/mL, LEV JFi ik
43 5124 500,250, 125.62.5,31.25.6.25,3.125 wg/mL,
PER J& 2 ¥ & 43 51 >4 10 000.,5 0002 500, 1 250,625,
125.62.5 ng/mL () R 5| TAEW . =% LRk, Bl
LTG /& . AR & (200,50 ,3.75 pg/mL) ,LEV & |
rf R RV ) (400,100, 7.5 wg/mL) , PER &5 AR5
MR EE (8 000,2 000,150 ng/mL) By B 45 TAEW . VA I
BT —80 °C F1RAF , 55 .

K % W 1R R G T AR 20 wL, In A2 (i3
180 wL, LA 1 000 r/min 3 HENEA] 1 min, #il 5% LTG it f v
BEAY M 24.12.6.3.1.5.0.3.0.15 wg/mL, LEV Jfi & ¥
4354 50,25 .12.5.6.25.3.125.,0.625,0.312 5 pg/mL,
PER Ji 2 ¥ & 43 51 & 1 000,500, 250, 125,62.5, 12.5,
6.25 ng/mL A IR AR M ZAE AR o A 2 I L A o
P TARWL, RIVAEBCHI LTG & b AR 32 (20.5.0.375
pg/mL) , LEV & A AR i vk B (40.10.,0.75 pg/mL) ,
PER &5 . H A5 & 4 (800,200, 15 ng/mL) F¥ IfiL 3 5
PRI . DA IS T —80 °C M RAE, & H
2.2.2  AREE R

A % FR B PER-Ds X B 5 1.02 mg, fil A 2 fiF 1.02
mL, il BT AR A 1 mg/mL B SRR AE AT, 45
2.3 IMEFMLE

i 55 BN RE 5 100 WL, ITA R ATTER (& 2
i s B 1 PN B i 45 W, PER-Ds 19 e & T B Wk EE ol 5
ng/mL)600 L, LA 1 000 t/min i#HETR 2] 2 min, FF 4 °C
T L4 18 000 r/min 5.0 5 min; K5 28 W ER %5 100 pL,
TR RER 900 L, WS HEIREST 1 min, BL5 WL #EFE/HT o

TEZED; 2026 455 37 5 10

24 FHEFER
241 T

BRI IR A N2 1A AR f | H o R B 24 o
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AT R IR S+ PR B. HHA 24 5B LIMERE i+ P bR
El1 3%hAEDs X AirETEE MRM E

2.4.2  FRUEMIZRL NS e B TR
BL“2.2.17 50N A5 ISR AR i 2 AE S, 42 2.3V 30
IR, PR 2.1 TR SR AT IR A
3 3L LTG . LEV ,PER Jit & i B Ry il A bk (x) L H: 0 1
TS N AR 06 AR A HUAE R AR B () A R I e /s —
ek IR R EL Lx?) A T4 1019, 45 3 Ff AEDs 1y [
DR, BARGE R L 2,
2.4.3  KEHE FIERG IR0
$42.2.17 W F )7 k57 BIBCHI LTG . LEV . PER /& &
T IR T A I A T B AR R R T
FEAh AT 6 403, $52.37 T 5 e Ab BUS B 2.1 R
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®2 3MAEDs EENTHMEIEPERE L CEREE

TBR
Felldy ElEygid R Bzl ang)lls
116 =119 664112 336,25 099387 015~ pgnL 0.15 pgnl
LEV =47 80231 8354 099764 03125~S0pgml 03125 pginl
PER =056 9500075 099519 625~1000ngml  625ngl

SR ERE AT, 255 H PURE E (LARSD 7R ) FIERf B
[ AT Joi e 5 PR vk 3 A A X 152 22 (relative error,
RE)F/R]; EZNE 3 d, 48 H MG % FAERR B . 25
R(F3)WoR, HIN L H B % B a9 RSD A& T
9.83%, fEHf B 1 6 1 RE "N —9.33%~13.72% (n=6 &,
18) , Ry VoK % FE S e B R AT

F3 3TAEDs EENTTHNBZEEMARERRER

. AP (n=6) Al (n=18)

I RERIEY SR oo e GORERE ROR RN

LTG  05pugmL  (0.140.01)pgmL 714 =667 (0.15£0.01)pgmL 6.67 0
0375 pgml  (0.38£0.02)pg/mL 526 133 (0.3840.02)pgmL 526 133
Spgnl (52:020)ugnl 360 1040 (GA0t0190gml 32 800
Npghl  (RGSLORgnl 345 15 QLSHBgnl 46 815

LV 03125pgml (034£000pgl 294 880 (035+0M)pgml 857 1200
075 pgml  (0.74+0.04)pg/mL 541 =133 (0.73+0.04)pg/mL S48 =267
10 pg/mL (1074041 )pgml 382 740 (1020£066)pgml 647 200
gl @T6H4dDpgnl 0% 1200 (MBI %pgnl 89 1B

PER  625ngmL  (603£033)ngmL 547  —352 (623£050mgmL 803 —032
15 ng/mL (1360+065)ngmL 478 =933 (13.63£080)ngmL 587 —9.13
200ngml (215124 13.90)ngml 646 756 (21276 11.79)ngml 554 638

( (

800ngmL  (909.78+27.78)ng/ml 305 1372 (876.02452.05)ngml 594 930

2.4.4  BERURTISCR R BE B Aion i g
$5:42.2. 1750 N 756 LTG \LEV \PER I . i i

W 1 M0 BT i, 2.3V IR ik AR ﬁ%’““zr’
TR S5 A R A2 , 10 545 R I 5 PR b g i v R LU
(4). Exesfh%lﬂﬁwﬁéﬁaFlmléﬁ,?ﬁ“z.:s”rb‘ﬁﬁ?ﬂi
RIS, LA LTG \LEV ,PER A 0 J5 £ 4 JB 4 X6 R
W (e R S R e —30) i’;:‘f“21”1ﬁ?R
PEHEREIE 10 SR 25 R Y 5 bR i i T AR LB (B) o
DA R SR T TR I I R B P 1o D A T (e 8 o i vk
5 R A —E0) 32,17 AR REI E L i]
SEA TINS5 NAR I AR LA (C) o BRI T4 T
613, Lh A/BX 100% 15 F2 BRI 2, L B/CX100% 1T
LU . 255 (R 4) IR, 3Fh AEDs (1 F- 344 B nl
W3 86.4%~97.9% , ~F- 31 HE JTT AUV 24 86.9%~110.0%

(n=6),
R4 STHAEDs EENTRREW R BERMMN .2
EHRELER(n=6)

MR SRR R etk (RE)%

Fl

TRIERE % % EEME6h 4°CHEMD 3R —80°CHE 04

LTG  0375pgml 884159 100747 =95 —148 142 149
0pgmb 968125 1066%133 114 94 131 103
LEV  075pgmL 877262  110.0£68 -27 =96 1.7 52
40pgml  979£124 1046129 76 58 11.5 9.2
PER  ISngml 864150  869+36 =58 —41 125 118
800ngmL 9702154  944zl1Ll 144 105 143 137
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245 FUEMEEE

$42.2.17° 30 F J7 B BC #H LTG .LEV . PERAIK . /& it &
/7& B4 I AR A S AT, B I e AT 6 4, 70 3%
ZLHAE AR TR 6 h 4 °C FiE 24 h Rfl(—80 °C~

) 3 YK AE —80 °C R it & 30 d i FaE M (LA RE 3
/T)O R (R4 WoR T LR FMT, 357 AEDs Y RE
A XHEIIIET 15% , #7885 Tk S AE iR &5 R iR
PRI
25 IfFKREZA

DL 2024 4F 11 F —20254E 7 A fE 7R M T SRV IX L3
B2 B 22 NRH 122 1Y 14 618565 25 5500 LR xF
%o FRHLMZRERFRAS)E , T FIRIRZGHT 0.5 h R A
JiK Il 2 mL, ZeHUBEAL BG4 25 3 o BUEJL M 2R AE ik
L 237 R A AL B, B 2.1 R A AR A
M, 10 S W T AR AR ARBAT 9105 5 #2358 3 Ff AEDs 11
MR HRE . ARWFIE T RALBe B 2F S B By 21t e
(45 2024027 ,2024027-1) , H A A R 1 345

ILEIB R . #5 B LIFEAE B 5 AEDs Il 24 22 Aol
GRS,
x5 14 61EMEILAEKRF R K AEDs 125 iR E#& T
#R
fk LTG/  LEV/  PER/
fE5 thl ekt kg AR (ngml) (ugmL) (ngmL)
I d 845 37 PER2mg,EH 1R4LTG 25 mg, K 21K 1618 112,345
2 8H10M 38 PER2mg, A 1ULEV 500 mg K 20K 3981 161626
3B 8HTMH 30 LIG1S0mg, MA2UPER 6mg, B LK 6.145 27947
4 & 1S3MH 50 LTG50 mg, AR 2+PER § mg, B 10K 8497 233,296
5B UHSMA 45 PER12mg, B 1RLEV 500 mg, B 20K 20359 433,150
6 5 954N 38 PER4mg, B 1+LEV 625 mg, B2 16351 446177
T % 649N 40 PER4mg, B IRATGSOmg, BR2K 2687 521288
§ L 10414A 30 LEV500mg, &K 2UPER 12 mg, B 11k 3745 561819
9 5 9%94MH 39 PER12mg, i 1+LEV 100 mg, R 2K 12898 563918
10 5 WP 73 PER4mg, I 1N-LIG 100 mg, BR2K 13153 618.866
1 & 794 42 LEV200mg, fK 20c+PER 8 mg, B 10 7198 748179
12 % WHAH T2 PER4mg, B 1IRALEY 200 mg, K 21K 1237 974500
13 B USIAH 8 LTGS0mg, HK IPER 12mg, B 1 3554 259487

4B DFIMT 4 LG 150mg, BR2UHLEV 50 mg HR2K 3812 4581

H 225 7] 41, 14 45 JLLTG .LEV . PER [ fa 54 1
BE 4y 9 K (5.64 £4.03) wg/mL, (10.67+8.78) pg/mL.
(450.20 £251.27)ng/mL. #5465 i}, LTG .LEV .PER /1Y
RSP E S 5300 3~15 pg/mL . 10~40 pg/mL .
180~980 ng/mL"", 2% LU EJL I A MR B A bR, 14
B f8 )L 134 3 Flt AEDs 11 B 25 4% MR B2 35 b 56 43 il Oy
71.4%(5/7) .37.5%(3/8) .84.6%(11/13),
3 itig
3.1 TR NARAERE

T ILEA R RER WA E 2%, &
W AEDs Il 24 4% B X T4 THFRL BN R v B
EE IR IAR R X . UPLC-MS/MS B4 R 0,33 114 15 0
T RN B 1 5 AR R RS T BR IR
A PIRE S Z R A 0 TR IR B, TR K R 4 b
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I 2 v A I R B A [R) 42 3% PN A J2: UPLC-
MS/MS & 843 HT 14 B 1 , AR TH BRI E AR DR 22 1
IENGS N ] A ey A )AL R T e 20719111
AN FRE A] Ko, AR HF ST e $% PER-DsVE N N R o
207 VA IR & B, R FH B — P bR B AT 2 3 Fh AEDs
I s ARG 0 72K
3.2 IM¥FHRBMESEIELEGMRL

ol S5 A T AL B T e A R R e 4 e A R A Y
JEVFE A AT XHRE S AL B ASBF ST B TR A ek
H R I DTVE TR, A B E AR R . AR
FOLZH I 0 6 B P TTE TR I 2 B0, 224 A2 AR A Y e
YERULTE RIS, PER o S0 Hi 2 B 5, LTG (o iS5 4 98 5
M A& AR Y B VR A UTHERIRY , LTG \LEV \PER {4 %
I TE AR, HLAR B RNSCR AT A i o J9 4h AR Al
R, 2 EAVIEA S , IS 1 S T sh A v bR
T B2 RO 1 2 S AR, o LR AE , 3 i AEDs 1) (0 3 i
T8 s AT AR BSR BE S5 FEUERE M7, 3 Fh AEDs Y (i
W IG5 D B S B3 | i SRS IR AT TR o

FER AN B b AR R 300 % B, 24 KA R
R, 1o D0 A4 B € 3 i 1 5 I — A X KA Y
1% B 1 [ AR (0.05%. 0.1% . 0.2% . 0.1%) + Z. TR ¢ (5
mmol/L) B 7k . 4558 /R, LTG fILEV 78 iR R 1A
Z A € 3 0 8 AT, PER 78S [ RR B 2 v i €0 3 o
22 AN K, B AT 5T e 24T 2 KA 5 0.19% W R 5
mmol/L £ FREE R o Lo BE VR S AL IS, A 5T
8 T 2.7 TR ORI 4k . E— 2B R e
FEE WL I P TR OGS A I A (R ARG I Gt 3
Tl AEDs 18£8 P 31 il 14 m 8 55 SCRRFRAE A8 2R T Tk
NS
3.3 IRHERENLE RS

AHIF 5T 44 it 78 UPLC-MS/MS = FH T4 156
FHZ 0 B LAY I 253 B . 45 R s, A 14 61 8L
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