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ABSTRACT OBJECTIVE: To establish the method for serum lamotrigine therapeutic drug monitoring ( TDM) and
laboratory quality control system. METHODS; Serum samples were pretreated with ice-cold acetonitrile for protein
precipitation, and a quantitative method for determining serum lamotrigine concentration was established by using high
performance liquid chromatography ( HPLC). Westgard multi-rule internal quality control procedure was implemented
based on methodological validation data. The self-developed HPLC method was used to determine the steady-state
trough concentration of lamotrigine in patients and retrospective analysis was conducted. The reliability of the method
was further assessed through the external quality assessment organized by the National Center for Clinical Laboratory.
RESULTS: An HPLC method suitable for TDM of lamotrigine was established, showing no interference from
endogenous substances or co-administered drugs. This method showed a good linear relationship within the range of
1.00 to 64.00 pg/mL (r°>0.99). The average recovery rate (91.2%-95.8%), precision ( intra-day RSD <
4.31%, inter-day RSD< 6.84%), accuracy (—6.70% < RE < 4.34%), and stability all meet the technical
requirements specified in the Guidelines for Validation of Quantitative Analysis Methods for Biological Samples of the
2020 edition of Chinese Pharmacopoeia; Part IV. Sigma metrics for three-level quality control were respectively 4. 07,

4. 12 and 4. 07, supporting the adoption of the 1-3s/2/3-2s/R-4s/3-1s multi-rule protocol (n=3, r=1). The method
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received full scores in the 2024 external quality assessment. From Mar. to Oct. 2024, 37 clinical TDM of lamotrigine
were completed, and the compliance rate was 70.27% (26 cases). CONCLUSIONS: This study provides methodological
reference for the internal quality control of lamotrigine TDM methods and chromatographic analysis methods.

KEYWORDS Therapeutic drug monitoring; High performance liquid chromatography; Internal quality control;

External quality assessment; Lamotrigine

LB =N 5 2 ARAE = RPN 2, LA T IS YU
Kot BRase e o I RBIFFEUESE 1% 25 AR AN EE T 5000 1) 2
YO AARIT , 30 1T VR A R R R T U IR 2 R A A
WIERL, PR =R YT B AR AR W RS R TRIT
BHWRE 3~ 14 pg/mL; SUHRRE 1~ 6 pg/mL) s H 5%
IR 12 25 W) 3 R 2 8 PE SRR B ) F e 1M 3 47
B IRIR YT 259 Wi W ( therapeutic drug monitoring, TDM ) 7] B
I SR FARIL A ZE, Fid =1 TDM J5 ¥k 4035 5 H il
GPETE AR I B AR . ST B AR A L, R
TRAH A TE (HPLC) 35 AL R 0% (0.2~ 1.0 wg/mL) A LASE
i B =0 TDM A Bk 0 s A, S HAG ) e 4 A1
(<58 ) P ML  HPLC IR HAT B 2 sk e . 5
BEAERFZE A 32 R M BOR A UL (I RR iR ) 7 FE B
VUvE: (W 2 05) S MG, L-25 ~ =20 °C F 2R 00 (53
&l 2 > i Ak 2 R B A B R Y R 1D U 8 R R T AR
0TI RS B . EEAG N 7 i (LDT) 75 #5756 36 1 o it
AR, DA LI R S 56 2 45 SR AR A g a1
AEARAS I A 38037 R, JF & o 87 {68 A 1L 375 i B = 158 TDM J7
B3 T S VAR IS (60 ) BRISEE AT & P TR AR (1QC) B, If:
SINE G TAE @RS 02 231 PR A 30 0> (NCCL) % I JiT 5 3F
HritHl (EQA) , AIESE KN R e i i M . AW A5 =
& TDM [ #3575 PR, i 5L =5 TDM J5 5 Rk 56 5
EEHEMESE
1 MR5F*®
1.1 %88

Waters 2695 8 =5 R0V AH (6 354, WL 4% 2489UV/ Vis kil
R (SEE Waters 24 7)) 5 VX-200 %138 HETR 7 % ( 35 [E Labnet 22
Al); AB135-5 W L F K % (& + Mettler Toledo 23 ] ) ;
Eppendorf 5430R # {7 3 ¥% ¥R 25 .0 HL AN o & B8 TR A% (12
Eppendorf 23] )

1.2 #RE5RF

PLEE = ] B (B R R E A RBE, i Soh
100775-200401 ) ; B G ¥ 0 G54 (32 Tedia 23 F)) 5 B
Wil (ol , R 25 8 EAL 2R A BRA ) 5 58 F /K T 2
BB} K25 — B & BE e (AR faiAk« FRBE™ ) il 39 e 4t
1.3 mFERE=IE TDM 7%

1301 TAFBW . (1) K% PRE Prss = BXs B 10. 00 mg, LA
IS 25 TC R 2 000 pg/mL HE AW, —25 C UKAR T RAT ;
(2) K5 2 W U A5 0. 64 mL, Il 50% YRS (V/V) % 1 m,
FEEIRIFS 1 280 pe/mL(C1) ; ABLAE A BT 640 pg/mL(C2) |
320 pg/mL(C3) 160 pg/mL(C4) .80.0 pg/mL(C5) .40.0 pe/mL
(C6) F120. 0 pg/mL( C7) LM TAEHT ; Hil 45 e B 451 R 50,
500 1 1 000 wg/mL BB TR,

1.3.2 @354 R ] Hypersil ODS2 4,5 (4.6 mm x

- 802 - Eval Anal Drug-Use Hosp China 2025 Vol. 25 No. 7

250 mm,5 pwm, RERFIF O A RA ) AR E N
35 °C, AR 2 85-30 mmol/L ZFRER W (pH = 6.59) , 45
FEVRIL(V 1 V=30:70) ,3H N 0. 8 mL/min, B N BH
310 nm, FEREAREUN 10 wL, BKGEZEATHIAIA 10 min,
1.3.3  ZSFIMIE 5 B My AR AS R 4R . a5 (AN i (R iR
PIZE =R ok F R AR ol i R EEAE B 2R SR
FMEE n=6) PR 1 861 g B5.0 10 min BIF5, SRAEWX
HIRZ5 T (IR A3 =8 6 d LA 1) 09725 16 4 58 1l A5 A<
1 861 g B5.0> 5 min HIfH,
1304 I PR JTU s RS o Y 2R AN o 2% O 2 W LT 4 T4
VS 5~100 pL 25 (L8 565, 75 000 F7 58 = B Uk )3 43 il o
2.5.25.0 f150.0 wg/mL =K1l R T4 i il 45 1L 7 5
=W JE 4 1.00.2.00.4.00.8.00,16.0.32.0 1 64. 0 pg/mL
MIREHE AR
1.3.5 IMVEEEARRTALHE . LI-25~-20 C WA R (% 26 2 I
SRR A, BRI B PR B B Rl R R AR
100 L, fImA L 75 BE A /7 AR BT 300 L, i E AL FE 2 min,
EIREEALL 15 000 g B0 10 min JFHR VSRS RO, &
I F o A EIEW 100 L, FE5 1T,
1.3.6 JFiEEEE. Z% (P NRIHE 258 (UH8) )
(2020 4F M) “ A WIHE L S 434 O VR IR IR S RN AT
DI UE, GG BB bR v i 2R RS B R M B RN RR
AN
1.4 REEH

FET I A UE I ) = A B8 (n=26) A H o
FEEL, AR 2 8 A 2RI R BRI 1QC B, 20 2024 4F i
NCCL £H A7 55 =12 3% TDM EQA X1, 39391 B 4 i #3%
T
2 #HER
2.1 FHEEFER

PN IR 5T B T RE VD B A FH 24 380 oA X B = I A4 i
WL T4, SR I kR E R, W 1, BLmAY
(1/C7) /NI R T A5 E e R Y=5 746 X+
471. 1(n=4) ; M P 5 =B 4E 1.00~ 64. 00 pg/mL £k
PRR R MR RE(F)>0.99, =LK AGHE Py Aot 18] 47 %5
FREM 22 (RSD) 2 2. 58% ~ 6. 84% , A 1R 2 (RE) H—6.70% ~
4.34% W% 1, i R EER T, Z LM RSD <
6.69% ,H RE }9-5.14% ~1.21%, =5 HIMEH#“1.3.5" T F
HATTAL RS 23 A B4R B 5 L, A SR e,
PRI Ky 91. 18% ~95.81% , H RSD<3.92% ., %5
FIERAEAE T B e v, S5 R, 178 AR 2 =R 1972
TEMERAT, WK 2,
2.2 REEH
2.2.1 TQC AU ST 1QC i PR 5 50 28 G %5 B 1) 85 LR B

I BEBE 2SO 500 2025 4E5R 25 55 7 )



0 05101520253035404550556.06.570758.08.509.0 95100
B[] /min
A

5/AU
SS=E===2=RR
NN A=

15

OO0

oo
[=l=1
S3
f=1

=

=3
=3
£

J
}, 208

0 05101520253035404550556.06.570758.08.509.09.510.0
B[] /min
B

0.014

0.012:
=0.010
H\OOOS

0.006]
i‘_0004 3

0.002:

0.000: , /\
0 05101520253035404550556.06.570758.0859.0 95100

B &) /min
C

A. 725 LT ;B 45 A IE A AGE =R (1. 00 wg/mL)
FIBE =5 CL IR =R 1 BB I3
E1 mMiEHNE=E TDM FiEfRREaiLE

F1 MBEREZIE TDM HEEHE BEERRRE K E

Ty
§

BT/ HEWREE (RE/ %) i EE (RSD/ %) /%
(p/ml)  HA(n=18) HME(n=18) HA(n=18) HF(n=18) o
2.5 4.4 -6.70 4.31 3.94 91.18+1.42
25.0 0.65 -4.47 3.35 6.13 95.73+2.38
50.0 434 -2.74 2,58 6. 84 95.81+3.75

FEY ARBFSELL NCOL MUE R R AL P BiR 2 (TEa) 93
FEFRE(HE+20%) , S8REE (AIBRB £1/2 TEa 1Y 25 B
18)J5 , W 1A R o= (TEa- | Bias |)/CV 13515t =K P ms

l]()5 265 3.65 465 5.65 665 765 865 9.65

l01.65 265 3.65 465 565 665 7.65 865 9.65

x2 MiERE=IE TDM FiERREM

FBHer/ R R ISR REAR E VR E
(pg/mL)  6h(20~25C) 14d(-20C) HENHHMRNE 24D (-25-20C,3K)
25 2.4120.08  2.30£0.08 2.4020.10 2.26£0.08
25.0 23.20£0.28  25.10+1.03 25.800.99 23.300.26
50.0 46.50£1.46  49.50£3.72 53.80:1.42 46.40+0.95

G 43BN 4.07 4. 12 A1 4.07(CV 785 28, Bias HRAT) ,
FUARI R LA HA UL R A4 Itk RE, W35 3. SR Unity
Real Time 24 (WA 5 ;2. 5.0.003; 35 [# Bio-Rad Laboratories
T I REVE B, WLE 2, BASE 1-3s/2/3-2s/R-4s/3-1s
LRI BT R (n=3,r= 1) VERHZE N E RGN %07
ZT] Rl R AR 22 3 (Ped) =0. 90 FIIR B AR (Plr) <
0.05 Byt HAx,

x3 MBRE=E TDM AENARIDESE

JRESHRE/ (pg/ml) T/ % CV/% TEa/%  PikGEE REE
2.5 -1.13 4.64 20 4.07
25.0 -2.05 4.36 20 4.12
50.0 -0.85 4.71 20 4.07

T 2 TEa BRI ARG S O MUE IR T B3 %

2.2.2 EQA Z5R M. 2EF NCCL 2024 437 50 Y 5 = 158
I35 TDM EQA &I AHF 9% 5256 % 1 LDT 2 519 2 1k
PP (2024 4F 3 J1 20 BFI2024 4E 10 J 11 B) #3k64>, @
5 E R 32 KSR, B IR EQA Bk iR R G5 7 f
RF(=11.76% ~=7. 55% ) , ot Ao I 57 R 145 A 7 AR A 5L R 437 i 512
Ji LA N B, (1) #EST OCERNES (W KPR AR ) T
eI BE 5 (2) Ak HPLC u%éﬁ?ﬁﬂ%ﬁ( B I T e STAT
F TS ) 5 (3) BSOS GOR A A7 A5 1 Gl B8R ) 5 (4)
SERE VAR AL 45 VR B U0 ek i A DU A £ S PR U R &
—6.78% ~=2.31% , N R 2E SL o0 = - J Jy iR th b 42 43t 7]
8 S 1 BT R A SR L3R 4

l0165 2.65 365 4.65 5.65 665 7.65 865 9.65

— y T T
Pi=0.027
B 0.9 0.9
09 // Ped-0.932
0.8+ 0.8 08 -
_ 0.7 0.7 _ 0.7
> = | & |
@ 0.6 ?é" 0.6 . @ 0.6 o
0.54 =4.07 0.5 b 0.5+ b
® / ASE_=2.42 ASE_=2.47 ASE_ =242
0.4+ o 0.4 ¢ 0.4
0.3+ 0.3 0.3
0.2 0.2 024
0.1 0.1 0.1
0 : | | : ; | ; 0 T T . : T 0 ! | : | T ; ;
o 1 2 3 4 5 6 71 8 0o 1 2 3 5 6 7 8 o 1 2 3 4 5 6 71 8

Pfr=0.027 FEHIZIBE(ASE, sHIf%%) Ped=0.932
VE: SEcrit: i - RGEWRZ; Plr BRI, Ped IREK R

Pfr=0.027 FEHIZIBE(ASE, sHIEH) Ped=0.932

Pfr=0.027 EHIZIBE(ASE, sHIFE%0) Ped=0.932

2 MENE=Ik TDM 77 iEFIEIE (o) KFEE

x4 MBFRHE=

IZ TDM EEREEMER

A 1R(AATLRER32)

2R (AAERER30)

HE )/ (pg/ml) WELR/ (pg/ml) T/ % HE () / (pg/mL) WEER/ (pg/ml) T/ %
10.6(8.5~12.7) 9.8 -1.55 8.7(7.0~10.4) 8.3 -4.60
6.8(5.4~8.2) 6.0 -11.76 13 3(10.6~16.0) 12.6 -5.26
16.9(13.5~20.3) 15.2 -10.06 5.9(4.7~7.1) 5.5 -6.78
13.9(11. 1~16.7) 12.8 -1.91 13.0(10.4~15.6) 12.7 -2.31
17.6(14.1~21.1) 15.6 -11.36 15.0(12.0~18.0) 14.0 -6.67

VE BB 41 HPLC/2D HPLC; itk h HPLC ¥,

2.3 I&KREZA
AWFFE k48 A 2024 4F 3—10 A (NCCL EQA %44
A7) T3RBE 45 32 B s = R IA YT M0 A8 5 28 ), Rt 58

R E BRI 5400 2025 4555 25 55 7 )

A% TDM 37 K, W= HIE L Z 2 ABE, B A 2 W 43 A
(9~80§,4ﬂu$ﬁ9ﬁ 27 %), HoAp d R L e I 5 ik,
MEGEEEMERE R, WE B EHRESEE N

Eval Anal Drug-Use Hosp China 2025 Vol. 25 No.7 - 803 -



3.98 we/mL(TEH 5 0.5~10.9 pg/mL) , BRIGIFE kbR K
70.27%(26/37) 5 H3f 534 2 50. 0~ 300 mg/d (~F-Hy5 50k
193.2 mg/d,n=22) , {HUT 420 45 e 5 B St A A1 (7 2403k 12 o
1.4 wg/mL, JEF A 0.5~3.4 wg/mL) , Spearman A8 M 23 Hr
R, AR S H R B3 Mk Gk (r=0.275,P=0.216) ,
PR L2 32 52 S iR AR PO B 25 (IS TR ) AR ELAE 45
ZHFERM

BUARLRE DI S04 2 1 49 20 2 LM S B L. DR T )
AR RAEE O 8012, KW IR EE =15 75 mg/d ([HZY
#ES* HJ20160513, MLA% .50 mg) . 2024 4£ 1 J§ 19 H 5K TDM
WRBHREN 1.7 pg/mLURTIRITE THR) . Al TDM 4%
TR S IR 2 (100 mg JR+50 mg BEIZ) , & 50 &
150 mg/d, 2024 453 A 28 H , ZEMAHE T = 3.4 pg/mL, I
ik R A AR BT R ) (R UCBETT . 2024 47 8 A 29 H A 2 4
F5 3. 4 pe/mL, TG R EVEFM) .

3 g
SRR I (LR Ol A be) A L, AT
FELL=25~ =20 C T TR i) (3 4l £ i Ak BRI REAS, AN AT
Bee AT A S 00 B 1 11, ] T 3 20 W A WL 4 ke
SR N SRR RS TE OISR AL I TR =
WREE SRR R L -RRRR B2 (pH = 6. 59) Ry TR S AR 1A
F R BEE S 310 nm , T AT ROHLRE 0L 175 k5T 7 55 AP K i
NS e 7/
FIRT, TDM $2 A IE 28 Dy A 2 o3 H ik 1] €33/ 8 5 1K 45
ARAHASPE S SR, LDT 3k 18 1 S5 bk 8 B 2R R 58 3 11
TR, e ] 245 0 AL i ke 2 A 6 P2 = 7 5, TDM . B
MR A frie T, BEMPR ZRE TIE 2 RIE, Z
T 1QC EENLIHLIEHE" o ASBFTE S 25 i AR 3B A i
HIZg O BRI AL BRI 26 HEYR 1QC BdiE , 27
HEME ; 275 IR B (il RS 5 28 i gE 8 TE 58) Il NCCL
BOE AT I I H T 3Es2 VERERRE (10 TEa) 38 WA H o 7K
PR AT 1) Westgard ZR 10C J7 %8, M5 =% TDM ik
AURRMEVE BB T IR, EQA JEAZ IR A R FINRI R, ACHESY
it %5 NCCL 755 =% TDM EQA T3l & 3 1 P i fay , If:
3 S o PR R I, S B AG6 o  fRpE Ai
JUAERIEE =8 TDM Wyilf AL 25844 T 2HiH  H
AT T R R : (1) FEAR AT IR (n=37) Hik = 251
SEDRI2H PR 25, M ARG 22 TR 3R ] U A g A 45 4k 32
AR2E SR R (2) 77 ik o R A R AR S
CLSI EP15-A3 45K 1/2 TEa APFHThRIET™ (H 2 5l
TG 2R YE . AR BB TR EE 5 IR 2 Bl 2 sy
L2457 P 2500 56 2R A TN ASE 281 i G T A~ e Y o
fE FAR, SCBL TDM B AR - al 4532 1)« AL i B
[1] HIEMKE C, BERGEMANN N, CLEMENT H W, et al. Consensus
guidelines for therapeutic drug monitoring in neuropsychopharmacology ;
update 2017[ J]. Pharmacopsychiatry, 2018, 51(1/2) ; 9-62.

[2] ZHAO W X, MENG H M. Effects of genetic polymorphism of drug-
metabolizing enzymes on the plasma concentrations of antiepileptic
drugs in Chinese population [ J]. Bioengineered, 2022, 13(3):
7709-7745.

[3] SABENCA R, BICKER J, SILVA R, et al.
application of an HPLC-DAD technique for human plasma

Development and

- 804 - Eval Anal Drug-Use Hosp China 2025 Vol. 25 No. 7

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

concentration monitoring of perampanel and lamotrigine in drug-
resistant epileptic patients [ J ]. J Chromatogr B Analyt Technol
Biomed Life Sci, 2021, 1162. 122491.

WANG H X, SUN Y X, XU S S, et al. Development of a simple
and rapid method to measure the free fraction of lamotrigine in
plasma using HPLC: applications for therapeutic drug monitoring
[J]. J Chin Pharm Sci, 2018, 27(12) ; 832-839.

BEVL, BRAEMA, XA, 4. HPLC-DAD MR MK RL5E =1k 0
RVEF L 10923 R g ik BEBOR A [J]. WiiLBE 2%,
2019, 41(1): 35-39.

BOCH, #ER, RFEW, 4. JET HPLC-DAD 5 LC-MS/MS
TSI B =0 1M 25 Wk BE A5 R M B L 22 P2z Lt (D). R
EBizy2rdk, 2017, 37(21) ; 2131-2134.
SANCHEZ-SELLERO 1, ALVAREZ-FREIRE 1, CABARCOS-
FERNANDEZ P, et al. Determination of lamotrigine in human
plasma by HPLC-PDA. Application to forensic samples [ J].
Forensic Sci Med Pathol, 2025, 21(1): 1-10.

TR, HRULHI, BCARSR, A, RSO € R i R a0 SE A I
e rP RS =R R IR T -5 A3 4 i 24 v B e Gl PR
SHTLI]. HEBERE 2R, 2019, 39(2) : 165-168.
KHALIQ T, WILLIAMS T D, SENADHEERA S N,

Development of a robust, sensitive and selective liquid chromato-

et al.

graphy-tandem mass spectrometry assay for the quantification of the
novel macrocyclic peptide kappa opioid receptor antagonist [ D-Trp ]
CJ-15,208 in plasma and application to an initial pharmacokinetic
study[ J]. J Chromatogr B Analyt Technol Biomed Life Sci, 2016,
1028 11-15.
FIRE. IR R EOR[ M), 3 M. e ARTAER
WAL, 2014, 328-329.
FE R M S 2x. AR N RSLRIE 25 M PUFR[S]. 2020 4F .
demt. rpE B 2GR A, 2020:466-468.
R, XU, Fh/NEE, S A O 2 e I R ST
B[ 5 00 58 7T 14 e —— LA e e A - B v
SERBILT]. HEEBEZG IR, 2021, 41(18) : 1860-1865.
P 8 T3 A A 2 2 I PR AGL 38 v 0. 2024 4 I PR RS 365 35 (1] 5 428 7
#ritRI45 [ EB/OL]. (2023-05-08) [ 2025-03-22]. https://www.
necl. org. en/upload/ manual/2024% E5% B9% B4% ¥4% B8% B4% E5%
BA%8A%E6% A3% 80% E9% AA%8C% E5% AE% Ad% E9% 1% B4%
E8%B4% A8% E9% 81% 8F % E8% A¥ %0 84% E4% BB% B7% E8% AE%
A19%E5% 88% 92% ¥:A% BO% A6% EF % BC% 88% 1% 9B% 96% 1%
AB%A0%ES5%8E%9F % ¥4%BB%B6%EF%BC%89. pdf.
R, o, EWE, & ORET Westgard 2 H N B R =
WRIVRYT 25 W = 9 BT PR A (0], P E AR N 24
2019, 36(19) . 2417-2421.
MADHAVARAM H, WOOLLARD G A, COUCH R A F.
Measurement of serum lamotrigine by high performance liquid chro-
matography using a phenyltriazine as internal standard[J]. Drug
Test Anal, 2012, 4(2) . 136-139.
SRAHMR. FRENATFLY W R R KRBT ], P E AR S
K, 2015, 29(5) : 741-743.
ZEoste, RWE, KPR, AF. HEF Levey-Jennings BT 5 Ik &
Westgard ZZHUNERIS ST J7 i 85 23007 2540 Wil i) =5 P9 o s 1Aty
Jid1]. REBEBHZAE 5T, 2022, 22(6) : 722-725, 734.
Clinical and Laboratory Standards Institute. User verification of
precision and estimation of bias; approved guideline-third edition :
EP15-A3[S]. Malvern, PA, USA. CLSI, 2014.

(M H 193:2025-03-06 (81 H 191:2025-05-14)

T E BB T 54007 2025 4E55 25 5 7 1)



