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Simultaneous Determination of Valproic Acid, Phenobarbital and Topiramate in Plasma of Epileptic
Children by HPLC-ESI-MS/MS

MA Yinghua, ZHAO Yile, QIN Yabin, HAN Yu, JIANG Xijuan, ZHANG Guying(Department of Pharmacy,
Children's Hospital of Hebei Province, Shijiazhuang 050031, China)

ABSTRACT: OBJECTIVE To establish a method for simultaneous determination of valproic acid, phenobarbital and
topiramate in plasma of epileptic children by high performance liquid chromatography-tandem mass spectrometry(HPLC-ESI-
MS/MS). METHODS The samples were pre-treated by precipitation protein method with organic solvent. Valproic acid-D6,
topiramate-D12, and phenobarbital-D5 were used as internal standard. Chromatographic column: Phenomenex Kinetex® EVO
Ci8(2.1 mmx50 mm, 2.6 pm); flow phase: 0.07% formic acid-1 mmol ammonium acetate-water(A) and methanol(B), gradient
elution; flow speed: 0.5 mL-min~!. Ion source was electric spray ion source, multireaction monitoring mode for quantitative
analysis, using negative ion monitoring mode. The specificity, lower limit of quantitation(LLOQ), standard curve, residual effect,
dilution effect, accuracy, precision, matrix effects and stability were investigated. RESULTS The linear range of valproic acid was
0.6-120 pg'mL™! (+=0.998 9), and LLOQ was 0.6 pg-mL'. The linear range of phenobarbital was 0.25-50 pg-mL™"' (+=0.999 1), and
LLOQ was 0.25 ug-mL~". The linear range of topiramate was 0.25-50 ug-mL~' (= 0.999 0), and LLOQ was 0.25 pg-mL"". The
intra-batch and inter-batch precision RSD was = 8.0%, with good stability, and this method was not affected by common matrix

and hemolysis matrix(hemolysis degree <5%). The methodology validation was in line with the provisions of Chinese

Pharmacopoeia(2020 edition). CONCLUSION This study determined the blood concentration of valproic acid, phenobarbital
and topiramate in children with HPLC-ESI-MS/MS, which is rapid, simple, stable, economical, and high sensitivity and
specificity. It can be applied to therapeutic drug monitoring of valproic acid, phenobarbital and topiramate in clinical children
with epilepsy.

KEYWORDS: valproic acid; topiramate; phenobarbital; HPLC-ESI-MS/MS; therapeutic drug monitoring; children
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VPA(CAS: 99-66-1; #t5: 100963-201705).
TPM(CAS: 97240-79-4; #£5. 100783-201502).
VPA-D6(#t 5 : 100142-201705), TPM-D12(CAS:
1279037-95-4 ; #it 5 . 100597-201503) ¥4 iy A
Toronto Research Chemicals(CAN); PHB(CAS:
50-06-6; L5 : MFCD00066494), PHB-D5 (1 mL
HEEF & 1.o0mg, iS5 : FE03052010)3 ) H
Supelco(USA), HEF[{Ai%Z%, Fisher Chemical, FEEK
KRB (P ENVARAR] 2. WHIR (G5,
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AT PR A
2 FEEHR
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Phenomenex Kinetex® EVO Cis fai4(2.1 mmx
50 mm, 2.6 pm), FAHHA 0.07%H -1 mmoL &
PR 4 - 7K (A) FIH B2 (B), A B B I (0~0.2 min,
80%A; 0.2~1.4 min, 80%—50%A; 1.4~1.5 min,
50%—5%A; 1.5~2.5 min, 5%A; 2.5~2.6 min, 5%—
80%A ; 2.6~3.5 min, 80%A), Jiti# A 0.5 mL-min',
MR 50 °C, HEFEER 2 pl.
2.2 JEiESRAF

B RO s (ESD B I, 7 7R,
BFURREE . 550 °C; JEmESTRT: 4500V ik
S(Gas 1): 55 psi; MFF(Gas 2): 50 psi; AR
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RA, ZRNEFIIBAGE T =8, VPA,
PHB. TPM MNP BTIES UL 1, VPA, PHB,
TPM 250 2R — i P 25 SR LI 1
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Tab.1 MS parameters of the 3 antiepileptic drugs and internal standards

EY 15+ £4 st 7] /min TR KBS 1 (m/z) FE T (m/z) EREHE/V i RE /e V
VPA 2.23 C3H 60, 143.2 143.2 -55 -20
VPA-D6 2.23 CgH;0DsO2 149.2 149.2 -55 -20
TPM 1.76 C12HyNOgS 338.1 77.9 -90 -30
TPM -D12 1.77 C12HoD,NOgS 350.1 77.9 -90 -30
PHB 1.62 C12H 2N, O3 231.0 231.0 -50 —-15
PHB-D5 1.65 C12H7DsN,O5 236.0 236.0 -50 -15
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Fig. 1 Negative MS2-spectras of the 3 antiepileptic drugs VPA(A), TPM(B), PHB(C)

IR B RO A, RS, ECWI UG A, b
VPA )% 7 10.0 mg-mL™"' ,PHB /&y 1 mg-mL™",
TPM ¥#JEN 10.0 mg-mL™', 435#HL 3 Ff AEDs
g woaE i, R BER R, HARAS X RS
W, Horfr VPA #1200 pg'mL', PHB 1 TPM
IV R 500 pg-mL™", PR & T-20 Cokaf
PREE

2.3.2  ArrEMZ AT TR H  BUR A
RWGE S, W EERRE, FL R TR bR 2
TAEMR, b VPA brifEfh kB8 6, 24, 48,
60, 120, 240, 600, 1200 pg'mL™", FifkeMinm
W90 12, 300, 900 ug-mL'; PHB Fl TPM
FruEph e 39k 2.5, 1, 20, 25, 50, 100,
250, 500 pg-mL™", BRI BIRIE 08 5, 125,
375 pg-mL,

233 WFRIFWAECH 5338 VPA-D6 Fl TPM-
D12 XSS, 0 B IR 2, O i
B, HIRE 918 5.0, 0.25 mg-mL~', PHB-D5
B IR EE N 1.0 mg-mL~"', 43 5HL 3 R bR &
WoEh, B : 5@ - DTSRI R, fHl
B & 2.4 pg-mL™! VPA-D6 il 1 ug mL~' PHB-DS,
TPM-D12 IRA Wb TAEW
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VRO AR SR T, 5 “2.47 TR 5 ERAE
Horf VPA trifEf ek 43000 0.6, 2.4, 4.8, 6,
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E 2 VPA. TPM #1 PHB 3 # AEDs & A A7 # & HPLC-MS/MS E]

A-VPA; B-VPA-D6; C-TPM; D-TPM-D12; E-PHB; F-PHB-D5,

Fig. 2 Representative HPLC-MS/MS chromatograms of the three antiepileptic drugs and internal standards

A-VPA; B-VPA-D6; C-TPM; D-TPM-D12; E-PHB; F-PHB-DS.

*2 3 AEDs WimrE & 7. X RE @), &EE
E % LLOQ

correlation

Tab. 2 Linear equations, linear ranges,
coefficients(r), and LLOQ of the 3 antiepileptic drugs
ey R p o KRB LLOGY
pg mL pg-mL

VPA ¥Y=0.017 7x+0.001 32 0.9989  0.6~120 0.6

PHB Y=0.064 2x-0.002 74  0.9991  0.25~50 0.25

TPM Y=0.112 8x-0.000 42  0.9990  0.25~50 0.25
TEARERE SR L, DARFIN ) 5 N AR A T AR Z LE(Y)
X AP0 PRV JBE (O A TR BT, T A R AR

9 1/x%, VPA. PHB 1 TPM HFRMEIM & 7E4 A 1Y
%@ﬁﬁﬁ%@aﬁ FH R (r)>0.998, FFE 5,
TEVEI EHR, 45 R W3 2, LLOQ 15 M HL(S/N)>5.,
2.7 GREARIRG R O] HE
FahE s FRERZ IR, 2 AR RS

v E AR P22 2023 4F 1 45 40 555 2

ANt LLOQ 1Y 20%, H A PRI 5%, VPA |
PHB il TPM £ i 5% B RN AT A 22K o

F e B A 240 ug-mL ' (VPA), 100 pug-mL™!
(PHB FlI TPM)I{IRA X IR S L SRS S By, AR
PUB =W ERES . S AR E LR 5 £, 4%
“2.47 WUNHEAE, BRMBETN S MR
AISEPE, BEARRRE 5 %5 IOMERG T 22 57 < 1.66%,
RSD < 1.34%, Z5 R UL ARG RN 70 5 HAT A §E
2.8 MERREE BOKG

s (2K 90 L, JAAS [ BE AR A hn i
Mk TAEW45 10 uL, Al LLOQ. M. . =4
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A4 FARERAEDT BT A v B A
K253 . VPA . PHB 1 TPM f44tt P Rt [a] i 2
RS B EE IR 3, 45 RH<15%, a4 YkE
il o BT B AR BRI
2.9 LA

AR E R, EYENBEASY
Al RE SN BAR LG B e = A,
TR MR A3 AT R HER 1, G HR SR R B T DOVE T i
TTRERATARBRR , RAEA R bk 25 R AL AL
N B ER S FBERE , DR L RE B T & R E By
BRI . WLk, FELERRI TAET, W
FILEEAREE /N, Hw P Ryl i, R X T A A= 3 1L
MG, WIS I 2T 40 M B 5323 5 | A L ARV
PRI LM 6T 95 A1 0t 3% 7 R o 5 S AR A L AR
P i E 258 2020 AFRRAE , HESHE TRV TR
PIbRIE—b 3 5 PR T 10 A8 57 R AR < 15%.

&3 3 f AEDs shdib iy Bk 1) & o fofs o B
Tab. 3 Within-run and between-run accuracy and precision
of 3 antiepileptic drugs

T T SRS
= Sifr _ N . N .
Wl g mL " Wi /% RSD/% HEWIE/% RSD/%
0.6 99.1 75 99.1 8.0
12 97.7 3.8 98.1 4.0
VPA
30 99.5 1.6 97.4 4.7
90 993 12 99.1 3.9
0.25 100.1 2.1 102.5 43
0.5 102.6 4.0 101.0 42
PHB
12.5 99.9 1.8 95.5 4.6
375 97.0 1.9 95.5 2.1
0.25 106.7 4.6 105.4 5.6
0.5 106.3 2.4 105.0 2.7
TPM
12.5 102.7 2.0 98.8 43
375 100.3 2.6 99.6 2.8

2.9.1 IEWMFEIETEN  BONFEMUAR) 6 s
HIME 4 100 pl, F& “2.47 T F 7 dfE, 153
STHIET, AR, SmEERES, YR, 15

4 31 AEDs B9 IE % i 3 FOUE o i H 6 A R

T A HAUKAE NI, % “2.4” R
BARE, AR, SR 6 6y, SRR,
BRI B, HHF=A/Bx100%, HFrIH—
b B IR =158 DU 40 25 ot IR/ PN s 5k B T
100%, @415, VPA, PHB fil TPM PbgIH—
TR T2 55 2 8<15%, Z5RIE 4, KA
[ E XT3 F AEDs ARG I 25 S 35 2
2.9.2 PR FL AN, B fE A 4 1 3
THIBEOEN, T-20 CAZ =30 min, FFAI
S MATRRR, IAGG & 22 KT, B 5%
WIMEE R . #% “2.9.17 TR EEefe, i Im
FE S N AR I — A R BT R -, 25 8 I i % 5
JERON . H15% 4 AJH1, VPA. PHB il TPM HNHrIH
— AT R AR S R B<15%, 1 FH I I A 35 o (1
IR B < 5% )0 K 45 S B 50 o
2.10 FREME

] 5 AP o I B B R AT 20 0, 3l 4
fit, DBIEEAEEERE 4 h, 5 CObRERS e
8 h, AR 3 Y. 20 CIHLF 45 d BFaErE
25K, VPA, PHB Fl TPM [ RSD<6.0%, f&
FETERAF, BRWE S,
211 Il RS BRAE il

P b A ST RSB E HHASI  i 1 FH F 72 461
Il RAEACIR VA « b4 JLEE B Be )ik A 7 1M 25 1R 3
WE 73BT o ARIEAHC S STk, VPA [ &40 24
e N 50~100 pg-mL', TPM ARG IM 2 h 2~
10 pg'mL™", PHB B4R 259 4 10~40 pg'mL™,
TR (4 63 ] VPA JLEE I 2K (1~16 %) A9FRZS ML
2R EETE 1.89~110.9 ug'mL™", 20 i TPM JLE IfiL
K (1~16 Z)WFAS MR EETE 1.23~10.95 pgrmL ',
2 fl PHB JL ZE Il % W F2 35 I 25 ik E R
11.91 ug-mL'(4 2)H1 30.91 ug'mL (9 %), H Tl
PRA TR T PHB ML 253R BEWEIN, Fr LASHEAT T
BIF K, ABREPRFEAIRIF AL D, J5 S5 5 50 ik
SEATHE— L A

Tab. 4 Matrix effects in normal plasma and hemolysis plasma of 3 antiepileptic drugs %
e RISV i/ IEH 3K 5% I M HEAE

pg'mL! 2 % L UM RSD A X R Bk R RSD 24t %0 55 J3RKONT RSD A X 2R S5k R RSD

VPA 1.2 0.95+0.04 4.3 0.92+0.03 3.2 0.85+0.04 4.9 0.94+0.06 6.2

90 0.99+0.05 4.9 0.99+0.04 43 1.07+0.03 3.0 1.05+0.04 3.8

PHB 0.5 1.05+0.04 4.1 0.95+0.04 4.4 0.87+0.05 54 0.98+0.03 2.7
37.5 1.05+0.02 23 0.94+0.02 23 1.06+0.03 2.5 1.024+0.03 2.6

TPM 0.5 1.10+0.04 34 0.95+0.04 4.0 0.88+0.05 5.7 1.00+0.02 2.3
37.5 1.03+0.05 4.5 0.96+0.04 4.3 1.08+0.04 3.7 1.05+0.03 32
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®5 3f AEDs 4%
Tab. 5 Stability results of three antiepileptic drugs

P TR/ ZERTHE 4h 5 CHEFERSHRCE 8 h S VR 3 20 ‘CHAF 45d
pg-mL! i /ug-mL! RSD/% Frht/ug-mL! RSD/% Tit/ugmL  RSD/% % i/ug-mL! RSD/%
VPA 12 1.15+0.04 4.0 1.12+0.03 3.0 1.15+0.07 5.8 1.23+0.06 53
90 92.67+0.09 2.5 90.07+£2.47 2.7 94.07+£2.66 2.8 92.57+4.36 4.7
PHB 0.5 0.49+0.01 2.3 0.49+0.01 2.4 0.49+0.01 1.2 0.51+0.03 6.0
37.5 38.18+0.47 1.2 38.55+1.59 4.1 37.89+0.66 1.7 40.05+1.73 4.3
TPM 0.5 0.49+0.01 1.8 0.48+0.01 2.1 0.47+0.01 2.6 0.49+0.01 2.6
37.5 38.48+0.62 1.6 38.5+1.61 4.2 38.54+0.52 1.4 40.07+1.82 4.5
3 it I R VPA . TPM Fll PHB JLEEIAYT 244 Wil 12 5y

AL R 5T N R R B R R Sy AT
%R, Ml VPA . TPM Fl PHB 75 %]
WP 8 o TR 588 T 3 s AH LA BE- K AN ] L
BIFEATIRME, 2559 B8 TPM F1 PHB 1K1 X,
H VPA iM%, W% EiRBimsitH pH LA
WiRlE IR B8 T FER S A 0.05% H R |
0.07%H TR A1 0.1%H iR , PR vk T b /NG R AL R
AE, PRV BE T KX g A sl 3, &k
BEAETSIAHINA 0.07% F R AE A IRAH 45 R, 3 Fh
Yy SR R A

FEAEY BT Tk, RN T S 3
F14) S5 T30 7 X YR S5 73 B P9 R A RORS 92 J3E 3k ol 11
T2, T DATE 7 32 e o7 i 7 120 R o AR A T B
FETRRUN o BRI TR0 A B2 M 1 S mT DA it e
TR BB R, AR DU Y F B3 IS ) 328 25 8 - 41
IR0, Hyk, SIL-IS ] LA 35 5 4500 i 5%
M U131, SIL-1S EA 51 P2 Ll Py 3k 27 o
B RCR KA A s R, BT AR 5 b
() A AT AR T 2 RN O 2 . Pk, SIL-IS
SR AT R R, ABFSERICR A 3
il AEDs [ SIL-IS(VPA-D6 . TPM-D12 F1 PHB-D5)
YERWNFR. EEEERWEH, VPA-D6. TPM-D12
1 PHB-DS /BN R, i BA0N (1E 5 15 R I
FRJE < 5% I L2 ) XA 2 L /0, FLA 8 s 1)

Bl FIORE 25
4 g

A5 HPLC-ESI-MS/MS A 57 1 [H]
2 JLZE I b 3 b AEDSs He BE Y 7 1 AR 52
i X S B AL, 3 Bl AEDs A% T R
o7, HIERIR A @t R SIL-1S KKHGH T4
YIREAS L IRON, , HAR KBRS = 1 b Vs
FOKG26 BE . izorakEE . Pk, R, e, BHA
Z A P IEAE ) R AN (< 5%) B9 T4, A
BRI E 3 i AEDs 152 1A AR A 3 T

R E B FH 22 2023 4R 1 A5 40 55 2 1]
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