
Analysis of lamotrigine and lamotrigine 2-7%glucusonide in 
guinea pig blood and urine by reserved-phase ion-pairing 
liquid chromatography 

ABSTRACT 

Lamotriginc is an investigational anticonsulvunt drug undergoing clinical trials. A simultaneous assay 
was devclopcd to quantitate lamotriginc and its major mctubalitc. lurnotriginc 2-N-glacuronidc, from 
guine:~ pig whole blood. The extraction proccdurc and rcvcrscd-phase high-pcrformnncc liquid chrome- 

tographic (HPLC) assay cmplaycd sodium dodccylsulfatc {SDS) as XI ion-pairing rcagcnt to scicctivcly 
scparatc lamotriginc and htmotriginc 2-N-glucuronidc from cndogenaus blood components, other anti- 
convulsant drugs, and their mctabolitss. The mobiIc phase was composed of acctmitrilc-50 m&f phos- 
phoric acid (pH 2-2) containing 10 mM SDS (3357, v/v), and components wcrc dctcctcd at 277 ntn+ The 
lotal cocflkicnts of variance (C.V.) for the blood assay were 5 9.4% for lnmalriginc (II.2520.0 /lg/ml) and 
5 13.4% for the glucuronidc metabolitc (0.25IO.0 /(g/ml). Sepuratr assays for lamatriginc und its glucu- 
ronide in urine were developed. In order to qunntitntc low levels OF Iamotrigine in guinea pig urine. 
lamolrigine was cxmctcd with rcrr.-butyl methyl cthcr-cthyl acctatc (1: I). The total C.V. for lamotriginc 
quantitation in urine was I 7.5% (O.lO-10.C~ pg/ml). For the dctcrmin&an of lamotriginc 2-N-glucura- 
nidc, urine ws diluted with an SDS-phosphoric acid bufk {‘l:4) and injcctcd directly onto the HPLC 
system, total C.V+ 5 42% (0.5-50 fcglml). 

1NTRODUCTION 

Lamotrigine, 3,5-diamino-6-(2,3-dichlorophenyl)-1,2,4-triazine (LTG, Fig. I), 
is a promising investigational anticonvulsant from the triazine class of chemical 
compounds. LTG is currently undergoing phase III clinical trials [l] and has been 
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Fig. 1. Structures of lnmotrigine and lamotriginc N-gIucuronidc+ 
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found to be active against minimal electroshock seizures and pentylenetetrazol- 
evoked hindlimb extension in mice and rats [2]. The antiepileptic profile of LTG 
in animals resembles that of phenytoin, a soinm& anticonvulsatit, but LTG is 
more potent and has a longer duration of action [2,3]. 

The major human metabolite of LTG is the quaternary 2-N-glucuronide 
(LTG N-glucuronide, Fig. 1). After a single oral dose of LTG (120 mg) in hu- 
mans, approximately 70% of the dose is accounted for in the urine, and of that 
total 90% is the glucuronide metabalite [4]* The same glucuronide metabolite has 
recently been shown to be the major metabolite in guinea pigs [5], a finding that is 
unique because quaternary N-glucuronides are rarely excreted by animal species 
below monkeys and man [6-S]. After a single intravenous dose of LTG (10 mg/ 
kg) to a guinea pig, approximately 60% of the dose was excreted in the urine as 
the glucuronide metabolite and 5% of the dose was recovered as intact LTG [S]. 

Analytical methods for the quantitation of LTG by high-performance liquid 
chromatography (HPLC) in human plasma have been decribed in brief terms 
from several clinical reports [4,9,10]. The most complete description of these 
normal-phase methods was by Posner CI al. .[lO]. Their method employed a silica 
column with a mobile phase of ammonium hydroxide-ethanol-hexane 
(0.25:20:80, v/v>, Plasma samples were extracted with a large volume of ethyl 
acetate (8 ml). The lower limit of detection was 0.05 pg/ml at 306 nm with a 
coefficient of variation of 7%. A normal-phase assay would be inappropriate for 
the direct quantitation of a highly polar glucuronide metabolite. In addition, the 
glucuronide is known to degrade at basic pH [l 11. Quantitation of the glucuro- 
nide by Posner et al. [lo] was achieved by differential hydrolysis with large 
amounts of p-glucuronidase. 

A separation of LTG from other antiepileptic drugs by reversed-phase chro- 
matography was described by Yuergens [12] with a basic phosphate buffer (pW 9) 
containing triethylamine or I?-butylamine to prevent tailing. Juergens [12] also 
reported the k’ values for lamotrigine at different pH values on a polymeric gel 
column. Assay validation or extraction procedures for LTG from biological 
fluids were not presented. Under these conditions the glucutonide of LTG elutes 
with the solvent front. 

Initial information collected in our laboratory indicated that the guinea pig 
may be a useful animal model to study the metabolism and pharmacokinetics of 
LTG, especially with regard to the interactions of other drugs with LTG. There- 
fore, a sensitive and accurate assay was developed to quantitate and evaluate 
these changes in pharmacokinetic parameters. This report describes a simultane- 
ous assay for the quantitation of LTG and LTG N-glucuronide in guinea pig 
whole blood by means of solid-phase extraction and reversed-phase HPLC, as 
well as quantitation of these compounds in guinea pig urine. 
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EXPERLMENTAL 

Lamotrigine and the internal standard, 3,5-diamino-6-(2-methoxy- 
phenyl)- 1,2,4-triazine, (BW A725C), were gifts from Wellcome Research Labs. 
(Research Triangle Park, NC, USA). LTG-glucuronide was purified from human 
urine by XAD-2 column chromatography followed by semi-preparative HPLC 
[l I]. Thic: compolznd was characterized by *H NMR, fast atom bombardment, 
and tandem mass spectrometry [ll]. The white crystalline material eluted as a 
single spot on two different thin-layer chromatographic (TLC) systems and as a 
single peak with two separate HPLC mobile phases on a reversed-phase column 
[l l]. Stability studies at different pH values, were performed, and the compound 
was stable in acidic solution at - 20°C for at least one month [l 11. 

Phenytoin, 5++hydroxyphenyl)-5_phenylhydantoin, 5-(p-hydroxyphenyl)-5- 
ethylbarbituric acid (p-hydroxyphenobarbital), 5-ethyl-5-p-tolybarbituric acid 
(tolybarbital), and 5-(4-methylphenylj-5-phenylhydantoin were purchased from 
Aldrich (Milwaukee, WI, USA). Carbamazepine, lorazepam, and phenobarbital 
were purchased from Sigma (St. Louis, MCI, USA). Cyheptamide (a common 
internal standard for carbamazepine analysis) was purchased from Supelco (Bel- 
lefonte, PA, USA). CarBamazepjne-~~nrrs-IO, ‘1 1-diol was a gift from Ciba-Geigy 
(Ardsley, NY, USA). Felbamate (2-phenyl-1,3-propanediol dicarbamate), three 
of its metabolites, 2-hydroxy-2-phenyl- 1,3-propanediol dicarbamate (2-hydroxy- 
felbamate}, 2-(4-hydroxyphenylj- 1,3-propanediol carbamate Q-hydroxyphenyl- 
Felbamate}, 2-phenyl- 1,3-propanediol monocarbamate (felbamate monocarba- 
mate), and 2-phenyl-2-methyl-1,3-propanediol dicarbamate, tin internal standard 
for the analysis of felbamate [13], were gifts from Wallace Labs. (Cranbury, NJ, 
USA), Ethosuximide was extracted with ethyl acetate from a Zarontin capsule 
(Parke-Davis). Carbamazepine- IO,11 -epoxide was synthesized by the method of 
Bellucci et a!. [14]. Phenytoin-3,4-dihydrodiol [5-(3,4-dihydroxy-I ,5-cyclohexa- 
dien-I-yl)-5-phenylhydantion] was isolated From rat urine by a procedure similar 
to that of Maguire et C-I!. 1151. 

Sodium dod&yE sulfate (SDS), MicroSelect grade, was purchased from Fluka 
BioChemika (Ronkonkama, NY, USA). HPLC-grade phosphoric acid, aceto- 
&rile, and methanol were purchased from Fisher Scientific (Fair Lawn, NJ, 
USA). 

The analytical column was a 250 mm x 4.6 mm I.D., 5 Jrrn Spherisorb C8 
cartridge column {Phase Separation&, Norwalk, CT, USA). The HPLC system 
consisted of a Spectra-Physics SP87OO solvent delivery systems, SP 8880 auto- 
sampler, SP 4270 integrator, and a Kratos Spectroflow 754 variable-wavelength 
detector. The column was heated to 40°C with a variable-temperature column 
heater (Timberline Instrument, Boulder, CO, USA). LTG, LTG glucuronide, 
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and the internal standard wcce all detected at 277 nni with 21 detector sensitivity 
setting of 0.05 a.u.f.s. The mobile phase was composed of acetonitrile-50 mM 
phosphoric acid (pH 2.2) containing 10 mM SDS (33:67, v/v) at a flow-rare of 1.5 
ml/min. 

Male Dunkin-Hartley guiaea pigs (350-490 g) were obtained from Biolabs 
(St. Paul, MN, USA). Treatment of animals and the surgical procedure were 
performed as previously described [5]. Briefly, whole blood samples (300 ill) were 
collcctcd from guinea pigs through a carotid artery cannula following an in- 
travenous bolus dose of LTG (10 mgikg). Whole blood was stored in 2.0-ml 
vncutaincr tubes containing sodium hcparin and were extracted immediately or 
stored in 250-ill aliquots at -20°C. 

Blood saniples (250 ~(1) were placed in 1 S-ml polyethylene microcentrifuge 
tubes ;md then 750 /cl of phosphoric acid buffer, pH 1.2. containing 15 mM SDS. 
and internal standard (50 111 of a 30 &I-II methanol-water, 1: 1, v/v solution) were 
added. The tubes were capped, vortexed for 15 s, and centrifuged at 13 000 g for 7 
min in a Fisher Model 235B microcentrifuge (Minneapolis, MN, USA). The 
supernutant was placed on a Burdick and Jackson C.18 (1OC mgj &id-phase 
extmction column (Baxter Healthcare, Muskegon, MI, USA) that had previously 
been washed with 2.0 ml of methanol, 2.0 ml of water, and 1.0 ml of 50 mM 
phosphoric acid buffer, pH 1.2. After loading of the sample, the column was 
washed with 300 ~11 of 50 mA4 phosphoric acid buffer. The compounds were then 
cluted with 1 .O ml of methanol. The methanol solution was evaporated to dryness 
with a stream of nitrogen (K 4O’C); The evaporated samples were reconstituted 
in 250 jr1 of mobile phase and filtered through 0-45irrn syringe filters (Lida, 
Kenosha. WI, USA)_ A 50-,1[1 aliquot of each sample was injected onto the HPLC 
system. Standards were prepared by addition of 25 ~11 of LTG (in methanol) and 
25 ~rl of LTG glucuronide (in aqueous 5% acetic acid) to 250 111 of whole blood to 
achieve final concentrations of O-20 and O-10 icg/ml, respectively. The standard 
samples were extracted in an identical manner to animal samples as described 
above. 

Urine was coliected from each guinea pi, m while housed in plastic Nalgene 
metnboIism cages. The urine was collected onto 1 .O ml of 200/o acetic acid in order 
to prevent breakdown of the glucuronide metabolite [ll]. Urine samples were 
combined with cage washings and stored at -220°C before analysis. Each urine 
samplti was filtered through a 0.45-jrrn syringe filter before analysis or izxtraction. 
For the analysis of tile gluc,uronide conjugate, an aliquot ( 100 @) of urine was 
diltitcd with 400 ~11 of phosphoric acid buffer (50 mM , pH 1.2) containing 15 m&I 
SDS, A lib50 pl portion of this solution was injected onto the same column and 
under the same conditions as stated previously, except that the proportion of 
acetonitrile was reduced from 33 to 30% to improve the separation of, the glucu- 
ronide from endogenous componenrs in urine. 



A liquid-liquid e:xtractitin procedure was employed to determine the c~ncen- 
tration uf LTG in guinea pig urine [4,1.4]. To 1 .U ml of filtenxi urine, 1 .O mI of 1-0 
M NaHzPO,+, p)3 11 .Cl, and $0 pl of internal standard (15 pug/ml in tnethanc+ 
water, l:l, v/v) were added. This alktililine soluticla was then extracted twice with 
3.0 ml of ethyl acetate-mr.cbutyl methyl ether (1: 1). The organic fractions were 
combined and evaporated to dryness under nitrqen at 40°C. The residue was 
rwomtituted in 250 ~1 of m&ile phase, actitonitiile-50 mM phosphoric acid 
bMer containing 10 mM SDS, pH 2.2 (4:6, v/v). The c&mm and conditions hers 
the same as those stated earlier, 

Peak-height ratios (LTG/intemal standard atid LTG I?&glucuronide/internal 
stcnndard) were fourd tie give more accurate estimates of the true standard con- 
ccntrationsl and were less susceptible to errors from interfering peaks than peak 
areas. Duplicate standard curves in whole blood were performed at the following 
c~ncerttttitions of LTG and ETCH-glucuronide: 0, 0.25, 0.50, 1.0, 2.5, 5.0, 10.0, 
20.0 &ml and 0,0.25,0,50, 1.0, 2,5, 5.0 rq&nl, respectively. The LT.0 standard 
cnrvcs from the whole b!clod assay ware split from 0 to 1 .O /cp/ml and 1 .O to 20.0 
,n&ml in order to give a rn~rc: accurate detetmination of the LTCI concentration. 
LTG urine standards were also extracted in duplicate at the fullowving concentra- 
tions: I), 0.10, 025, 0.50, 1.0, 5.0, and 10.0 /lg/ml. The glucuronidc standard 
curves in urine were split in the fatlowing manner: 0, 0.50, 1.0, and 5.0 &ml and 
5.0, 10.0, 25.0, and SO,0 /#nl. 

The estimated total variability of the blood assay for a single s;zmple measure 
on different days Ivan determined by one-way analysis of variance (ANOVA), 
from calculated concentrations of multiple duplicate st~d;lrd curves (number of 
replicates, I’ = 2} [l1,l7]. 

where MS,, and M& are the within-day and betweenhday n-pan squures from the 
ANQVA table, respectively. The total variance of an otscrvation (S&W] wl’rs 
determined from the sum of the within-dwy and between-day variances. The pm’- 
ccntrage eoef$cient of variance (C.V.) at each concentration was dctcrmined by 
dividing the SIOlarS Sh, and SWd by the grand Mean of the calculated concentration 
values, multiplied by 100 [16]. Calculation of the accuracy was determinsd by 
dividing the grand mean by the true mew, and multiplied by 100. 
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RESULTS 

Fig. 2 shows chromatograms of blank (A), standard (ES), and LTG-treated (C) 
guinea pig blood extracts. The retention times for LTG glucuronide, internal 
standard, and LTG were 6.7, 1 I a9, and 19.9 niin, ~spzcti~.zly. f.%zr this LTG had 
been cluted from the column, the percentage of acetonitrile was increased to 67% 
for 5 min, and then adjusted to 33% for 5 min to re-equilibrate the column prior 
to the next sample injection. The total run time for each sample was approxlm2tc- 
ly 30 min, The extraction recoveries of LTG N-glucuronide and LTG are shown 
in Table I wnd were generally 60-80%. The average extraction recovery of the 
internal standard was 74.9%. 

0 5 lCJ15202530 5 I015202530 
min 

0 5 1015202530 
min min 

Fig. 2. HPLC of(h) cxtraclcd blank guincn pip whole blood. (B) cxtwcted whole blood standard contain- 
ing IO ~cg/ml LTG. 10 &ml LTG N-glucuronidc. and 6 &ml internal nandard (1.S.). and (C)an cxtractcd 

whole blaod sample from ;I guinea pig 510 min urtcr administration of LTG (10 m&kg, intravenously). 
Mcasurcd LTG and LTG N-glucurcmidc cmxcntcations WC-rc 5 and 1.4 /q/ml. respectively. 

TABLE I 

EXTRACTlON RECOVERIES OF LTG AND LTG N-GLLICURONIDE FROM GUINEA PIG 

WHOLE BLOOD 

Conccnlralion Rccovcry fmcan rt: SD., II = 3) [%) 
o~giml~ - 

LTG N-glucurcmidc LTG 

0.25 81.3 f IS.5 71.3 f 4.5 

0.50 7x1 f 16.7 61.6 f 7.5 

1.00 75,2 * 7.8 65.3 f 3.8 

2.50 77.6 f 7.1 70.2 f 5.3 

5.00 83.2 f 6.6 74.9 f 6.2 

10.0 73.3 f 3.3” 66.8 zfz 3-4 

20.0 - IJ 57.2 f 4.0 
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The analytical method for the quantitation of LTG and LTG N-glucuronidc 
in whole blood was accurate and precise. Table II shows the accuracy for LTG 
analysis and the within-day, between-day, and total C-V. at each concentration. 
Table I11 contains the same information for LTG N-glucuronide. All of the total 
C.V.s were below 10% except for the lowest concentration of LTG N-glucuro- 
nide, and within-day and between-day C.V.s were 5.0% or less. The accuracy of 
the LTG assay ranged from 95 to 106% of the true value, and the accuracy 
(relative rec&~~y) for the measurement of the glucuronide metabolite ranged. 
from 98 to 102%. 

Table IV lists the capacity factors (k’) for a variety of antiepileptic drugs, their 
metabolites, and internal standards which could possibly interfere with the whole 
blood assay, The void volume time was determined with uracil, and detectiwn of 
the compounds was done at 220 nm in order to visualize all compounds (several 
of the compounds have poor absorbances at 277 nm). The majority of other 
antiepileptic drugs, metabolites, and internal standards have low k’ values (k’ c 
2.0) compared to the LTG components (k’ B 2.0). Several benzodiazepines elutc 
with k’ values between 2 and IO, althoug’n none of these compounds directly 
interfere with the quantitation of LTG-glucuronide or LTG. 

Fig. 3A and B show chromatograms of a blank urine sample extract and ,an 
extracted urine sample from a guinea pig treated with LTG, respectively. Also 
shown in Fig. 3B is an unidentified metabolite at a retention time of 7.8 min. 
Representative chromatograms for the analysis of LTG N-glucuronide in urine 
are presented in Fig. 4. LTG N-glucuronide was analyzed by an external standard 
method and had a retention time of 9.1 min. Table V lists the total variance and 
C.V. values for each concentration of LTG and LTG N-glucuronide. Both assays 
have total C.V. values below 5% except for LTG at 1.0 pg/ml which had a C.V. 
value of 7.5%. 

DISCUSSION 

A major obstacle in the simultaneous determination of a drug and its glucuro- 
nide conjugate is the difficulty in the extraction of polar glucuronides from aque- 
ous matrices, such as blood and urine. The parent compound (aglycone) is gener- 
ally non-polar and easily extractable into organic solvents as is the case with 
LTG. The glucuronide conjugate of LTG contains a carboxylic acid moiety as 
well as a quaternary nmmonil?m functionality and is extremely polar. To over- 
come this problem, glucuronide conjugates are often quantitated indirectIy by 
differential enzymatic or chemical hydrolysis to the aglycone. Many glucuronides 
may be directly extracted at low pH with ethyl acetate or by @d-phase extrac- 
tion on Cl8 columns [ 181. Another approach is to Form an ion pair with an 
ionizable group (usually the carboxylate anion of the glucuronic acid moiety), 
followed by either liquid-liquid or solid-phase extraction. To extract the qua- 
ternary N-glucuronide of LTG, we employed SDS as the ion-pairing agent for 
solid-phase extraction. 



224 M. W. SIh’Z, R: I=- RW’.db!El. 



TABLE III 5 
z 

TOTAL VARIABILITY AND THE BETWEEN-DAY AND WITHINJIAY VARIANCE FOR LTG N-GLUCLJRONlDE IN THE SIMULTANEOUS n 

WHOLE BLOOD ASSAY 

Conccnlrution or 18 

LTG $glucuronidc 

Mean mcasurcd Accuracy S,,” 

conccnlrnlion (%I &/ml) 

iwimu Wm~l 

0.25 I1 0.245 98.0 0+0122 5.0 d,O304 12.4 0.0327 13.4 

0.50 II c),sll2 100.4 0.0161 32 O,Ol92 3,x 0.025 1 5.0 

1.00 12 0.987 98.7 c?.OI76 1.8 OSII 8h I.9 0.0254 2.6 : 

2.50 I2 2.44 97.6 0.03 I G 1.3 O.C806 3.3 OSi866 3.6 

5.00 II 5.07 101.5 0.0548 I.1 0.0242 0.44 0.0512 I.2 

10.0 4 9.94 99.4 0.1100 1.1 0.0113 0.1 I 0.I100 I.1 

S, = bct\vccn-day;-S, = tokd. 

= bctwcen-day; C.V., e total. 
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TABLE IV 

HPLC CAPACITY FACTORS (k’) FOR LTG, LTG N-GLUCURONIDE., AND OTHER COMMON- 
LY EMPLOYED ANTIEPILEPTIC CRLJGS ANC INTERNAL STANDARDS 

Compound k’ Compound k’ 

Pl~cnytoin-3,4-dihydrodiol 0.23 
p-~lydroxyphct~ylfclb~~matc ct.25 
2-I-lydroxyfcibamotc 0.29 
p-Hydroxyphcnobarbitni 0.38 
Carbamazcpinc-ICI,1 I-wwwdiol 0.40 
Fclbamate monoc:trb:un:~tc 0.48 
Ethosuximidc 0.50 
Fclbamatc 0.63 
5-~-Hydroxyphcnyl)-5-phcnyllyduntoin 0.84 
Phcnoburbital 0.94 
5-I4-Mcthylphenyl)-5-pllcnylhydantoin 0.94 
Carb,amazcpinc- 10, I I -cpoxidc 1.22 
Internal standard for felbamatc I.30 

Tolybarbital 1.56 
Phcnytoin 2.00 
Carbamazepine 2.03 
LTG N-glucuronidc 2.30 
Cyhcptamide 2.52 
Oxazepam 2.84 
Lorazepam 3.13 
Tcmazepnm 4.13 
Internal standard for LTG 5.10 
Desmethyldiazcpam 8.86 
Lamotriginc 4.12 
Diazcpam 11.64 

I , . . . - . i;. 

0 4 8 12 16 20 
mill 

B 

6 -4 
i 1’2 1’6 2’0 
min 

Fig. 3. HPLC from LTG urine assay. (A) Extracted blank guinea pig urine sample; (B) extraclcd urine 
sampIe (0-l 2 h) from a guinea pig that received LTG (10 m&kg. intravenously). Measured LTG concen- 
tration was 2. I pg/ml, 
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I 

i 

A 
i 
.x4 

n 

J 
t 

t-,-m.?- 

0 4 8 12 G-zl 
min 

. L 

6 -4 - i 1’2 - 1’6 2’0 
min 

Fig. 4. HPLC from the LTG N-glucuronidc urine assay. (A) Diluted (I:4 v/v] blank guinea pig urine 
sample; (B) diluted urine sample from a guincx pig tii a; rcceivcd LTG (10 mg/kg, intmvcnously, O-12 h 

ssmplc). Mcasurcd LTG N-glucuronidc concentration was 211 &ml_ 

TABLE V 

TOTAL VARIABILITY OF L-I-G AND LTG N-GLUCLJRONIDE IN THE URINE ASSAYS 

Concentration Mean measured 

(as/ml) concentration (&ml) 

LTG 

O.IO 0.111 

0.25 0.247 
0.50 0.509 
1.00 0.988 
5.00 5x65 

10.0 9.886 

L TG A’-ghctrrortiric 

0.50 0.493 
1 .OO 0.980 
5.00 5.01 

IO.0 10.16 
25.0 25.55 

50.0 49.69 

o Total standard deviation. 
’ Total eocfficient of variation. 

s, C.V., 

C&ml) (%I 

O.OG49 4.6 
O.O!W 4.4 
0.0059 1.7 
0.0390 7.5 
0.1400 4.2 
0.1980 0.02 

0+0042 2.8 
0*0359 4.2 
0.0071 0.65 
0.2560 2.6 
Ct.6100 2.4 

0.3300 0.71 



228 M. W. SINZ. R. P. REMMEL 

At the low pH cntiironmcnt crcatcd by the phosphoric acid bui’rcr the ion- 
p:\iring rcngcnt (SDS) forms at tight ion pair with the positively charged amino 
groups at the 3 and/or 5 positions of the triazine ring. In the case of LTG N- 
glucuronidti, iin ion pair is formed between the quaternary nitrogen and SDS, 
assuming that formation of’ the ion pair is not stcricillIy hiridered. This allows for 
the retention of the quaternary N-glucuronide on the the solid-phase column 
eliminating the interfercncc from polar cndogenous compounds and allows for a 
concentration step in the procedure. 

The whole blood extraction recovery of the glucuronidc in spiked samples 
ranged from 73 to 83?/0, and the extraction recovery for LTG in spiked samples 
ranged from 57 to 75%. These extraction recoveries were high considering the 
initial precipitation and ccntrifugation of the whole blood sample (pellet contains 
proteins and lyscd red blood cells) results in a net loss of l&20% of the sample. 

‘The whole blood assay w:ls determined to be both reliable and sensitive. Fig. 5 
illustratz a time coL1rsc of LTG and LTG N-glucuronide blood levels after a IO 
mgzkg intravenous dose of LTG in a grtinca pig measured with the simultaneous 
blood assay. The predicted therapeutic blood concentration of LTG in humans is 
1-3 &ml [19]. a range that was bracketed by the LTG standard curve concentra- 
tions. The total C.V. values for all LTG concentrations were below 10%. The 
total C.V. values for LTG N-&cur&de were all below 5% except at the lowest 
concentration. The estimated lower limits of quantitation for LTG and LTG 
N-glucuronidc were 0.10 and 0.05 /l&ml, respectively, with an approximate lower 
limit of detection of 0.05 and 0.025 &ml, respectively. These values are compa- 
rable to the values reported for the normal-phase assay [lo]. Biddlecombe ef crl. 
[20] have recently validated a radioimmunoassay for the determination of LTG in 
human pi;~sma. This procedure was extremely sensitive, with a lower limit c$ 
quantitation of 30 n&ml and C.V.s ranging from 4 to 6%. Due a small linear 
range. cstcnsive dilution of plasma samples was necessary. Cross-reactivity with 
LI’G N-glucuronide was only 0.52@!, so the assay would. be specific for ihe mea- 
surcmcnt of LTG in plasma, but specificity may be a problem for measurement of 
LTG in urine. 

Fig, 5, Concentrations of LTG (-1 and LTG N-glucurFnidc (0) in wl~olc blood from R guima pig artcr 
administrution of a bolus dose of LTG (IO mg/kg, intravenously). 
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A simultaneous assay for LTG and LTG N-glucuronide in urine was prcclud- 
cd by the large difl%rence in concentrations found in guinea pig urine. The L.TG 
concentrations normally found in guinea pig urine after it single dose were quite 
tow [Sj, and each sample required a concentration step in order to quantitatc the 
level of LTG. On the other hand, LTG N-glucuronidc concentrations in guinea 
pig urine were large, and dilution of these samples was required prior to analysis. 
Anticonvulsant drugs are generally given chronically and pntlcnts are l&it&incd 
at a steady state level of the anticonvulsant. Therefore, at steady state, the con- 
centrations of both LTG and LTG N-g!ucuronidc cxcrctcd in the urine will be 
higher than the.concentrations at late times after a single dose. The assay vali- 
dation of both LTG and LTG N-glucuronide indicated that the higher concentra- 
tions of parent drug and metabolite in urine after administration of a constant 
intravenous infusion of LTG could be measured by a simultaneous assay. The 
C-V. values for the urine assay of both compounds were generally below 5% and 
were less than 1% at the highest concentrations determined for each compound, 

Several reports of the direct quantitation of glucuronidcs by HPLC either by 
employing and ion-pairing reagent or low-pH btiffers to protonate t-l-2 carboxylic 
acid moiety of the glucuronic acid have been cited [21-253. ion-pairing ieagents; 
such as tetramethyl ammonium chloride or tetrabutyl ammonium hydl’ogen sul- 
fate have been employed to ion-pair the carboxylic functionality of the glucuro- 
nide in order to directly quantitate phenolic glucuronides [2 1,221. Recently, iiu VE 
al. [ 1 Sj utilized a long-chain quaternary ammonium compound, cethexonium 
bromide for the ion-pairing chromatography of a wide variety of glucuronides. 
Morphine-3-O-glucuronide has been directly qu tntitated by forming a tertiary 
amine with a low-pH phosphate buffer and ion-p,:iring the positive charge with 
SDS E23]. As in the case of morphine-O-glucuronide, we also utilized a low-pH 
phosphate buffer and SDS as an ion-pairing agent to sllow for the selective 
retention or” the quaternary N-glucuronidc of LTG on the reversed-phase column 
and reduce tke interference from poiar endogenous compounds, Also, the whole 
blood assay allows for the selective quantitation of LTG and its major metabolite 
from other common antiepileptic drugs and their metabolites. To our knowledge, 
this report describes the first simultaneous assay for the quantitation of a qua- 
ternary N-glucuronide and its aglycone. This same assay system has been applied 
to the quantitation of LTG N-glucuronide in guinea pig microsomes, guinea pig 
and human urine, human blood, as well as human brain tissue [5,26]. 
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