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ABSTRACT 

A reversed-phase column liquid chromatographic assay is described and vaiidatcd for iamotriginc, a 

new anticon:‘u!:hnt drug. The drug and its intcrnai standard were rxtr*!ctcd I’rom pizsmn into acctonitrilc 

according to ii prcviousiy dcscribcd solvent-dcmixing proccdurc. scpar*ti’ s ,W on LiChrosphcr IOOCN. and 

measured by ultraviolet absorption at 280 nm. The assay pcrformancc wus cvaluatcd through analysis of 

variance and of regression with otlr usual validation design. The method dctccts W. 2 ng (55 &I x 30 jrl) 

and shows a linear response with 3 constanz 5% coclkicnt of variation from 1 to 10 m,o?. It is easy and 

robust, and seems wdi sui~d to ti.;Jrapcutic drug monitormg. 
. 
.’ --. - - 

INTRODUCTION 

Lamotrigine is a novel anticonvulsant acting by a phenytoin-like membrane- 
ct3h;ii7inm mda,-annn;cm n~w-e.51~~ Llr\.-%toAn nc -_IeL *““D --.II..CI.d.” . . . . r*unr*r.j “LVII~CIU~ “I vo!tngc-sznsitive sodium channels 
and inhibition of glutamate release [I]. The drug is an aryl-substituted diami- 
notriazine and ds a cationic: compound it is unusual among anticonvulsants. It 
has been sl.fccessfully used in resistant epilepsics at a dosage of 50-200 mg twice a 
day, resulting i - . 1.1 mean trough plasma Ievels of 3.0 f 0.6 mg/l [2]. It showed linear 
kinetics in long-term oral therapy, the mean apparent clearance ranging from 1 to 
1.4 l/kg per day (coefficient of variation 20-40%) after two to four months of 
treatment in the same group of four patients 121. The mean plasma haIf-life was 
35.7 f 9.3 h after a 300-mg dose [3], decreasing to 8-33 h in the presence of 
carbamazepine or phenytoin and increasing to 30-90 h in the presence of sodium 
vaIproate [4]. 

Thus the metabolic clearance of lamotrigine, which changes during the first 
two months and is significantly al&ted by other anticonvulsants, requires mon- 
itoring during therapy. The column liquid chromatographic method present&d in 
this paper has been validated for this purpose. The oniy other available method 
[S] involves ethyl acetate extraction, drying and normal-phase column iiquid 
chromatography; its validation seems not to have been published. 
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EXPE RIM ENTA L 

Rt, age t l l s  and soh,ems 
Frozen h u m a n  plasma (ref. 25258, batch 08 ! ) was obta ined f rom the Centre de 

Transfusion Sanguine  (Montpellier,  France).  Acetic acid, a m m o n i u m  acetate and 
sodium carbona te  were Rectapur analyt ical-grade reagents f rom Prolabo (Paris, 
France). Acctonitr i le  (HPLC grade S) was from Ra thburn  (Walkerburn ,  UK)  
and methanol  f rom Carlo Erba (Milan,  Italy). 

Lamotr igine (batch 23005)and  3,5-diamino-6-(2-methoxyphenyl)- l ,2,4-tr ia-  
zinc (compound  A725C, batch 86713), the latter used as in ternal  standard,  were 
gifts from ~he Wellcome Founda t ion  (London.  OK). 

Thir ty h u m a n  plasma samples spiked with ten concentrat ions ranging from 0 
to 14.7 mg/[ (55.33 ltmo[/l) were provided by Cardiff  Bioanalyt ical  Services (Car- 
diff. UK).  

WorkhLg sohlth~;tx 
"fhc extract ion solution consisted of  the internal s tandard  (1 rag/l) in aceto- 

i~itlilc, and the concentrat ion of  the lamotr igine stock solut ion was 1.0 g/l in 
methanol.  

Chromatographic apparatus 
A Model  SP8810 oump and a Model  Spectral00 variable-wavelength UV-Vis  

detector from Spectra-Physics France  (Les Ulis, France)  were used. The auto- 
sampler Model  655A-40 and the D-2000 chromatointegrator  were from Merck 
( Darmstadt ,  Germany) .  

The column was a LiChrocarl  250 mm x 4 mm I.D. cartr idge filled with 
LiChrospher 100CN, particle size 5 ltm. from Merck. 

Solrent-dcmLving e.vtraction [6] 
To a 5-ml glass tube. one volume (0.2-1 ml) of  sample (wate~ so!t~tion or 

plasma) and  one voh.thle of  the extract ion solution (I.S. in acetonitrile) were 
added. After bric/" vortcx-mixit;g, e.~cess Na.=CO.~ was t!dded aad  the mixture was 
vortex-mixed vigorously ,~ saturat ion.  After centrifugation (6°C, 1500 .e for 10 
rnin), thc extract i ,m mixture separated into (from b ~ttom upwards)  excess salt, a 

saturated aqueoL:s layer, a compact  disc o f  plasma proteins and  an acetonitrile 
layer of  nearly one volume. 

( 'hrt~mttlogl 't,,pr£~ 

Tile :tcetonitrile supernatant was di luted by' half  with water in the autosampler  
vial and 30 ~,1 xxere t~sual!y injected. The isocratic mobi le  phase was acetoni- 
trile-0.01 M -,.nlmonium ~t,~,2~.i.itc buffer pH 3.5 (55:45 v/v). The flow-rate was i.5 
ml/min,  the detection wavelength 280 rim, and the clution wa= performed ~ t room 
tom pcrat u re. 
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Validation dmpz aud crhulatiom (laboratory samples) 
‘The height and area of the lamotngine peak were measured, then divided by 

the height or area of the I.S. peak (peak-height ratio and peak-area ratio, respec- 
tively). Measurements were taken both from aqueous solutions ad from spiiad 
plasma samples at three concentrations overlapping the therapeutic range: 0.25, 
1.0 and 4.0 mg/i (0.975, 3.9 and 15.6 /CM, respectively). 

The factorial design thus involved two factors: concentration (columns, three 
levels) and extraction matrix (rows, two levels) resu!ting in six cells. Each sample 
was extracted twice and each extract was injected iwice, according to our usual 
nested within-ceil design [7]. The nested design allows us to estimate variances 
both of the chromatographic measurements and of the extraction process. 

Analysis of variance (Anova) and linear regression were perforined with a 
spreadsheet program (PC-ABACUS, Psion, 1387). Ail Anova calculations were 
made from napierian io’garithms of peak heights, peak arcas and peak ratios, 
from the guess (to be checked) that measurement error is nearer to constant 
coelficient 01’ variation than to constant variance, and that consequently loga- 
rithmic transformation brings nearer to homoscedasticity. Following transfor- 
mation, the expected proportionality relationship between measurements 111 and 
concentrations C: 

results in 

In 111 = ln a + in C 

an expected straight line of slope 1 which was estimated by 
regression of In ~17 \Y.‘F. In C. 

Anova was carried out as follows: 
(i> Hgmoscedasticity o f the twelve pairs of duplicates 

through Bartlett’s test [8]. If not significant at the P = 0.1 
performed further. 

w:ls checked first 
level, analysis was 

(2) Following factorial analysis. F tests were applied to (bctwccn-row. one 
degree of freedomj exirtictiori C;i~Kerence from either matrix and to (berween- 
column, two degrees of freedom) linear regression in both matrices and c~rnn~~~ 
non-linearity; the concentration-matrix interaction term (column-row, twice one 
degree of freedom) was split into non-parallelism and opposite non-linearity of 
regressions in the two matrices. In the present design limited to fixed factors, the 
denominator of F tests was taken as the within-celi mean square (eighteen degrees 
of frecdomj [9]. The r<grcssion coefficient ,5 (“slope”) was compared to the theo- 
retical value with a Student’s /-test of (6 - I)/sI,, sb being calculated as usual as the 
Gthin-cell mean square times the sum of squares of ln C. 

(3; Zht: within-ceil me&It square was split into a within-extract (measurement) 
variance estimate and a between-extract (extraction -t measurement) variance 
estimn!e. 
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Logarithmic standard deviations ~1” directly provide approximations [6] of the 
corresponding coefficients of variation (C.V.) s/nr: ~1” E d In 111 = dnl/nT z s/117, 

provided that s/n7 is small enough, say < AI%. 

The spiked plasma samples provided by CardiK Bioanalytical Services were 
mcusurcd blind. Following communication of the target values, unweighted loga- 
rithmic regression of obtained WWIS target values was carried out. 

RESULTS AND DISCUSSION 

Fig. 1 shows typical clu-omatograms obtained from (I) a 2 mg/l calibration 
plasma sample, and (11) a sample from a patient treated with lamotrigine and 
c;~rbamazcpinc. The limli of dctectiori [IO], defined as five times the baseline 
noise, was 55 clg/l. 

No interf’ereuce was found with the five major anticonvulsants currently asso- 
ciated with lamotriginc (phenobnrbitrme, phenytoin, carbamazepinc, valproic 
acid and clonazepam). In fact, only c;\rbnmazepine absorbs UV significantly at. 
280 nm, and Its rotcntion tilFe on the cyanonropyl stationa.ry pha.se is much 
shorter. 

The demixing recovery of lamotrigine was directly calculated by &mpAiig 

Fig. I. Chromu;ogr;lms of(i) u plnsmil s~unplc spiked with lamotriginc (Xl my/l). and (II) ;t plasma s;tmplc 
fr0:X 1 piktkl! trcatcd with I**- onaaOtiigiIlC (200 mg per day) itnd cnrbomazcpinc (X00 mg per day). Fbtk~: L = 
Inmotriginc: iS = intcrnni standard. Graph scale: 4 IO-” :~.u.T+s. 
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mean Fcak heights with those obtained from the stock solution properly dihfted, 
and it was found to be 97% both from aqueous and from plasma samples. HOW- 
ever, lamotrigine peak-height ratios were significantly higher from plasma, due to 
the 30% lower extraction rccavcry of IS. The IS. provided by the Welfcomc 
Foundation is the 2-melhoxyphenyl [5], instead of 2,3-dichlorophenyl. ana1ogue 

of tamotrigine, atid is presumably a much r~ore basic molecule owing to the 
opposite electronic inductive effects of the respective substitucnts. Ii is current 
bioanalyticul knowledge that strongly cationic spccics have a strong Ainity for 
plasma proteins, even solvent-den~~t~r~~tcd. Thus the avail~lblc IS. is prob~~~~ly 
not the best suited to our technique. but ihis defect is of littlc conscqucsnce owing 
to the Xgh reproducibiiity of’ the demixing recovery. 

Fig. 2, is a ~o~~~ritllrni~ calibration graph from the v~~lid~ltio~l design samples. 
Table I provides the fill1 analysis of the variance of peak-height ratios. Peak-area 
ratio measurements showed lower precision (C.V. 4SQ/ instead of 2.5%), which 
is theoretically unexpected but currently observed. The peak height is liable to 
vary more than the peak area if the column performance (retention time and/or 
e~~ien~y) changes during the assay session, the main factor being te~nper~~t~~re. 
Imperfect design and/or parametrization of integration algoriihms expose small 
err~s iii 3s localization of the peak baseline, which are likely to aflicct areas more 

Q.i 
0.25 1 4 

Concentration mg,l 

Fig. 2. Lognrithmio calibration graph: h~izontui axis. lamotriginc nominal cancwtr:tti~>ns (ntgl); vcrtic;tl 
nxis. i~motri~inc/ii~lornal standard peak-height rittios. (e) Aqucous cxtmcts: (0) spiked plasma extracts. 
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T A B L F  I 

. \NAI_YSIS O1: V A R I A N C F  OF "HIE V A L I D A T I O N  DESIGN U S I N G  N A P I E R I A N  LOGA-  

R I I  I IMY ()!: P F . A K - I I I  ! ( i l F r  RATIOS 

x X1S - .~qu. .c  roo t~  o f n i e a n  squat'c~: 1' - ~ ig t l i t icancc  lcxels  o f  one - s ided  F c o m p a r i ~ o n s  o f  m e a n  square~ 
Io t]1¢ " 'wi th in-ce l l ' "  M S  t b o l d  type  figures1: H S  = h i g h l y  s igni l icant ;  N S  = non-s igni l i cant  at the P = 0 1  

Ic~cl. 

Allo%;.1 t.'onlpt~,ncn| I )egrcc~ o f  S u m s  o f  ~/lean , , M S  P 

f r e e d o m  sq ua res squares  (difference) 

l~,t~d 23 31 .2879692 
il it!.#: ccH {[SJ 0 .01451705  0 .0008065 

B c t s ~ e c n - m c a s t l r c m c n t  12 0 .00770159  0 .00064180 0.0253 

Bet~veen-cxtracl  6 0 .00681546  0.00113591 0.0337 0.1 < P < 0 2 5  

llct wcctt-  l c l /  15 ) 3 I. 2734521 

I lc twccJt-matri .x  i 0 .75998074 135 .6%)"  H S  

Bt ' twccn- t  ~,nct'nlr~llio¢l | 2) 311 51176642  

LillCtlr r cgrcss i tm I 30.5076549 H S  

t ' o m m o n  c u r v a t u r e  I 0 .00~!  I i 52 0 .025 < P < 0 . 0 5  

httt'r~l~ "!i .n 42) (LO0170493 

O p p o s e d  curx .i~ tu c 1 0,()0[~97930 N S  

Nor~,-parallelism 1 0 .00072563 N S  

P e r c e n t a g e  m e a n  d i l lL ' rence  betx~een peak-he ig~t  rat io  measurements  in p lasma relat ive  to measurements  
i .  ~tqtleotls so lut ions .  

than heights, m :! more random way. Presumably zhe second cause  o f  error often 
exceeds the first. 

Bartlett's test o f  the twelve pairs o f  logarithmic values was not  significant 
(Z-' = 12.05, 0.25 < P < 0 . 5 ) ,  which justifies the logarithmic transformation.  Be- 
tween-measuremen~ and between-extract  variance estimates did not differ 
(f16:12] 1.77, 0. I < P < 0 . 2 5 ) ,  which underl ines once again the high reproducibil- 
ity [i 1] of  the solvent-demixing extract ion technique. The corresponding C.V. 
were 2.5 and 3.4%. respectively. This leads to an estimate o f  the C.V. o f  single 
measurements on single extracts as 3.4°/0 within the present range o f  concentra- 
tions, and a prediction o f  the between-sess ion C.V. o f  assay results as 3 .4-5 .0%. 
depending on the number of  calibration points in each session. 

The logarithmic regression s looc was 0.996, not different from the theoretical 
unity value (t = 0.42, 0.6 < P < 0 . 7 ) :  the response relationship o f  the assay is thus 
not different from m = a C  ~. which means  arithmic linearity with no intercept. 

The overall logarithmic non-linearity had to be considered significant accord- 
ing to our rule: ~ I / 18] = 5.1, 0.05 < P < < 0.10. Logarithmic non-linearity,  to- 
ge, hcr with unit slope, wotdd occur in some special cases o f  both  arithmetic 
non-linearitv and intercept: insbection o f  Figs. 2 and 3 suggests that the imperfec- 
tion is o f  little practical consequence:  moreover,  mult!ple comparisons  do not 
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conserve t;qc :Frobability ies;is qnd t’avour the occurrc~~cc of 
&nilic’Mt dc3i:\ticns by 

Fig. 3 is the logarithmic correlation graph from CardiE Bioqnaiyikai’s syzikcd 
samjsks, inc!zding ii i;!ot of logurithmic residuals tnkcn us estimntcs of residual 
C-V. 

Linearity hojds up to 55 /r/W (~(1. 15 mg/l). Residuals wcrz evenly distribu!cd, 
and the residual C.V. calculated as the square root of ihc residual incun square of 
logarithmic iegression was 5.3%, a littlc larger than the predicted 3.5%. The sole 
anomaly was n consistenr .- 10% bias in rkltion to target vducs. This can hardly 
be imputed to intrinsic factors of the method. Provided th:lt parameters such as 
extraction pH (fixed by water saturation by sodium carbonate) or the ratio of 
plasm:: to solvent voltimcs iire kept COIiStalit, as they were, uncontrolled factors 
such as variations of I.S. recovery among sera should result in random imprcci- 
sion, which was not observed among the set of 24 rt-ferencc samples. The Bystcm- 
atic bias is most probably due to discrepancy between our calibrators and those 

0.1 1 10 20 
NOMINAL CONCENTRATION eq/l 

Fig. 3. (A) Dilogarithmic correlation graph of mcnsurcments (vertical axis) wr.w.~ nominal concentrations 
(horizontal axis), both in mg/l. The lower line is the cnlculatrd rcgrcssion line, the upper one is rhc identity 
line. (B) Diagram of regression residuals at the same horizontal scale, expressed as percentage deviations. 
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of the reference laboratory, presumably because of ours. The accuracy of cali- 
brators can be ascertained only by the agreement of several independent stan- 
dards and is often beyond the capacity of the commonplace bioanalytical lab- 
oratory, which makes external quality control essential. 

CONCLUSION 

Therapeutic drug monitoring of lamotrigine seems desirable, since its mecha- 
nism of action suggests a concentration-related activity, and most associE?z-ci 
drugs have been shown to modify its kinetics. The present reversed+hase method 
is technically simpler than the published normal-phase methud [5], and it shows 
comparable sensitivity and acceptable precision _ Soivent-demixing extraction is 
easy and has been repeatedly shown to bc- highly reproducible. The method thus 
seems suitable for routine therapeutic monitoring. 
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