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Abstract

A sensitive analytical method for gabapentin [1-(aminomethyl) cyclohexaneacetic acid] (GBP) in human plasma based on capillary elec-
trophoretic separation and laser-induced fluorescence (LIF) detection has been developed. 6-Carboxyfluorescein succinimidyl ester (CFSE)
was used for precolumn derivatization of the non-fluorescent drug in plasma. Optimal separation and detection were obtained with an elec-
trophoretic buffer of 50 mM sodium borate (pH 9.5) and an air-cooled argon-ion laser (excitation at 488 nm, emission at 520 nm). A calibration
curve ranging from 0.3 to 150M was shown to be linear. The concentration limit of detection (LOD) in plasma was 60 nM. We also demon-
strate how the detection limit can be enhanced by using acetonitrile stacking technique. With stacking, the limit of detection for gabapentin in
plasmawas 4.8 nM. A calibration curve ranging from 0.03 tp.llBivas shown to be linear. Both the within-day and day-to-day reproducibility
and accuracy werg10.8 and 6.0%, respectively.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction volatility of the analyte. GC combined with mass spectrom-
etry has been described for therapeutic drug monitd8ihg
Gabapentin [1-(aminomethyl) cyclohexaneacetic acid] In liquid chromatography (LC) methods, since GBP does
(GBP) is a new antiepileptic drug currently being intro- not have a chromophore or a fluorophore in their struc-
duced in therapy worldwidg—3]. As shown inFig. 1, GBP ture, it is not easy to detect it with UV-Vis detector ex-
is a structural analogue of the inhibitory neurotransmitter cept at low UV wavelengths, where the detection limits are
y-amino butyric acid (GABA). GBP crosses the blood— not favorable. Lengthy extraction and clean-up procedures
brain barrier. However, GBP is neither a GABA agonist are required for the analysis of real sample. HPLC tech-
nor an inhibitor of GABA uptake or degradatig4,5]. The nigues with pre-column derivatization offer more variabil-
mechanism of GBP’s anticonvulsant properties remains ity. 2,4,6-Trinitrobenzenesulfonic acid (TNB$9,10] and
unknown. Measurement of GBP concentration in plasma phenylisothiocyanat¢ll] have been used as derivatizing
is useful for furthering studies of its efficacy, dose-related agent with UV detectiono-Phthaldialdehyde (OPA) was
side effects, and action mechanism. Therefore, a simple,the most common derivatizing agent for fluorescence de-
sensitive, and selective analytical procedure for assay of thetection[12—19] but the OPA-derivative was only stable for
drug concentration in plasma is required. 25min. LC-tandem MS was also reported for the quantita-
Different methods have been proposed for analyzing GBP tion of GBP in human plasn{&0]. In capillary electrophore-
in biological fluids. In gas chromatography (GC) analysis sis (CE), fluorescaming1] and fluorescein isothiocyanate
[6,7], sample derivatization was necessary to enhance the(FITC) [22] were used as a derivatizing agent for GBP. A
laser-induced fluorescence (LIF) detector was used to detect
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NH, CO,H argon-ion laser (Uniphase, San Jose, CA, USA) was used
for excitation. The laser light was focused onto the capil-
lary with a 1.4 cm focal length lens. The fluorescence emis-
sion was collected with a 20 microscope objective (0.25
N.A.; Edmund Scientific, Barrington, NJ, USA) and passed
through a 520 nm interference filter (10 nm effective band-

Gabapentin width; Edmund Scientific, Barrington, NJ, USA). The flu-

orescence image was focused onto a photomultiplier tube

(PMT, Model R928; Hamamatsu Corp., Bridgewater, NJ,

USA). The PMT current was converted to voltage by a @0 k

copper hydroxide should be added to eliminate the interfer- resistor. Recording of electropherograms and quantitative

ence from endogenous amino acids for biological samples measurements of peak area were performed with a computer

[23,24] connected to a SISC data acquisition interface (Scientific

CE is a useful method to quantify drugs in biological sam- |nformation Service Corporation, Taipei, Taiwan). The LIF
ples. However, complicated extractions and low sensitivity detection system was held in a large light-tight box con-
have hampered its use in clinical drug monitoring. To over- structed from black Plexiglas to exclude stray light.

come this limitation and increase the sensitivity, we com-

bined the acetonitrile stacking technique and laser-induced2 3. CFSE derivatization procedure

fluorescence detection. Acetonitrile was used to remove pro-

teins in plasma sample and induce sample stacking in CE. The 0.025-1@.M GBP solution containing 1AM PPA

6-Carboxyfluorescein succinimidyl ester (CFSE) was used was prepared in water. The fof GBP and PPA standards

for precolumn derivatization of GBP, followed by detection were mixed with 4Qul of 50mM borate buffer (pH 9.5). The
with an air-cooled argon-ion laser-induced fluorescence de-10ul of CFSE (10 mM in DMF) was then added and thor-
tector. To our knowledge, CFSE has not been employed in oughly mixed. The resulting solution was shaken for 30 min
the derivatization of GBP yet. using a Vortex shaker. We found that the fluorescence inten-
sity of the derivatized product increases with increasing time
of derivatization reaction. After 30 min, the fluorescence in-

2. Experimental tensity became stable. The derivatized product was stable at

least 4 h at room temperature.

Fig. 1. Chemical structure of GBP.

2.1. Chemicals

2.4. Preparation of plasma sample

GBP was purchased from Tocris Cookson Inc. (Bristol,

UK). CFSE was obtained from Molecular Probes (Eugene, Blood sample was centrifuged immediately to obtain the
OR, USA). The CFSE reagent for derivatization of GBP was plasma, which was stored20°C until analysis. A 0.5ml
prepared in dimethylformamide (DMF) and was used im- plasma sample was deproteinized by adding 1 ml of ace-
mediately to avoid possible degradation. Sodium borate wastonitrile. After centrifugation at 880& g for 15 min, 90ul
from Showa (Tokyo, Japan). Phenylpropanolamine (PPA) of the supernatant liquid was spiked with (L0of GBP so-
was obtained from Sigma (St. Louis, MO, USA) and used |ution containing 1M PPA. Plasma samples of various
as an internal standard (IS). The purities of GBP, CFSE, andGBP contents were similarly prepared by spiking the plasma
PPA were 98, 97, and 99%, respectively. All other chem- with the desired amount of GBP. The pDof GBP-spiked
icals were of reagent grade. Water purified with a Barn- plasma was reacted with 10 of 10mM CFSE and 4@l
stead NANOpure system (Dubuque, IA, USA) was used for of 50 mM borate buffer (pH 9.5), following the procedure
all solutions. All solutions were filtered through a 04 described above. The recovery of GBP in plasma was esti-
pore-size membrane filter before use. mated by spiking 2Q.1 of GBP and PPA standards to 480

of plasma sample before deproteinization.
2.2. CE-LIF system

2.5. CE procedure

The CE-LIF system was assembled in-house and has

been described previoud®5,26] A 0-30 kV power supply The CE buffer containing 50 mM sodium borate was pre-
(GAMMA high voltage research Inc., Ormond Beach, FL, pared with deionized water. The pH of the CE buffer was ad-
USA) provided the separation voltage. The capillary used justed to 9.5 by addition of NaOH. The capillary was rinsed
for separation was 50m i.d. x 360pm o.d. x 60 cm total daily with water for 10 min, followed by a 10 min rinse with
length (Polymicro Technologies, Phoenix, AZ, USA). The CE buffer. The capillary was equilibrated with the CE buffer
effective length of capillary is 40 cm. Samples were injected under electric field of 417 V/cm for 30 min. Samples were
by raising the anodic end 18 cm above its normal position injected at the anodic end of the capillary by hydrostatic in-
for 10-60s. The 488 nm beam (10 mW) from an air-cooled jection. The sample was injected by raising the anodic end
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18 cm above its normal position for 10-90 s. After each run,
the capillary was washed with water for 5 min, followed by
a 5min rinse with CE buffer. The capillary was then equili-
brated under electric field for 5 min before sample injection.
3. Results and discussion

3.1. Derivatization and separation

FITC is the most popular amine-reactive fluorescent
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A calibration curve for GBP in aqueous solution was
constructed over the concentration range 0.02%MO0The
peak area ratio of GBP/PPA versus GBP’s molar concen-
tration plot showed a good linearity with a correlation co-
efficient () of 0.9975 ¢ = 7). The slope was found to
be 0.1198 £0.0038) and thg-intercept was calculated to
be —0.0032 (-0.0159). At a concentration level of Qu/
GBP, the relative standard deviation (R.S.D.) values on peak
area and migration time were 4.5 and 0.9%6< 7), respec-
tively. Based on a signal-to-noise (S/N) ratio of three, the
lowest derivatizable concentration limit for GBP in agueous

probe. However, the chemistry of the isothiocyanate reactive Solution was calculated to be 3.7 nM. For an injection vol-

moiety is slow and inefficient. FITC derivatization reaction
was usually carried out overnight for completeness. By

ume of 4.5nl, this value corresponds to 17.6 amol of GBP.

changing the reactive moiety present in a fluorescein-based3.2. GBP in plasma sample

probe, one may improve the derivatization chemistry,

thereby lowering the concentration that can be deriva-

In order to evaluate the applicability of the method for

tized. CFSE has been shown to be far more superior tobiological and clinical analysis, human plasma spiked with

FITC for derivatizing nanomolecular concentrations of
amine-containing analyf@7,28] CFSE has a succinimidyl
ester functionality suitable for precolumn derivatization
of primary amine-containing analytes. Formation of the
derivative is made possible by the succinimidyl ester un-
dergoing nucleophilic attack by the primary amine func-
tionality of analytesFig. 2 shows the electropherogram of
0.5uM GBP derivatized by CFSE in 50 mM sodium bo-

GBP was used as the test sample. Analysis of GBP in plas-
mas is often problematic. Since CFSE can react with pri-
mary amines and amino acids as well, the derivatization
reaction between GBP and CFSE may be affected by the
endogenous plasma components. On the other hand, with
the high resolving power of CE, laborious sample cleanup
might not be necessary. As described in the experimental
section, the only pretreatment we performed was to depro-

rate solution (pH 9.5). A single peak appears at 12.9 min teinize the plasma with the addition of acetonitrile, followed
(peak “G",Fig. 2A). PPA was included in the sample as an by centrifugation. Typical electropherograms obtained from
internal standard (peak “IS") for improvement of precision GBP-free and spiked plasma samples are showfign 3.

and accuracy. Compared with the blank electropherogramThere were no peaks observed across the window for the
(Fig. 2B), there are few hydrolysis products generated by CFSE—GBP derivative and CFSE-PPA derivative in the elec-
CFSE derivatization. The derivatization was relatively fast tropherogram of blank plasm&ig. 3B). Although the elec-

(30 min). We found that the peak size of both GBP and tropherogram contains many extraneous peaks, they do not
PPA did not change significantly after 30 min derivatization interfere with the GBP and IS due to the high resolving

time. power of CE. Itis possible that amino acids contentin human
plasma may differ from one individual to another. We have
used plasma samples from six different healthy volunteers.
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Fig. 2. Electropherograms of CFSE-labeled GBP with LIF detection. (A) Time (min)

A 250nM CFSE-GBP derivative; (B) plasma blank. G: GBP and IS:
PPA. Separation capillary, 60cm total length (40cm to the windew)
50pm i.d. x 360pm o.d.; electrophoretic buffer, 50 mM sodium borate,
pH 9.5; separation voltage, 18 kV; hydrodynamic injection, 10s at 18cm
height; LIF detectionjex = 488 nm, Aem = 520 nm.

Fig. 3. Electropherograms of plasma samples. (A) Plasma spiked with
3uM GBP and 15uM PPA; (B) blank. G: GBP and IS: PPA. Elec-
trophoretic buffer, 50 mM sodium borate, pH 9.5; separation voltage,
25KkV; other conditions as ifrig. 2
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Fig. 4. Electropherograms of GBP |(31) in plasma with different in-
jection time. (A) 10s; (B) 20s; (C) 40s; (D) 60s; (E) 90s. G: GBP and
IS: PPA. Hydrodynamic injection, at 18 cm height; electrophoretic buffer,
50 mM sodium borate, pH 9.5; separation voltage, 25 kV; other conditions
as inFig. 2

The peak pattern was all similar to thatkig. 3, although
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Table 1

LODs of GBP in plasma for different injection time

Injection time (s) LOD (nM) Injection volunfe(nl)
10 60.0 45

20 4.8 8.9

60 3.6 26.8

anjection volume= pg Ahd*w1/128;L, wherep is the buffer density;
g is the gravitational constaniAh is the height differential of the reser-
voirs; d is the capillary inside diametet;is the time;n is the buffer
viscosity; andL is the total capillary length35].

to enhance the analyte signal by further increasing the con-
centration of CFSE during derivatization was unsuccess-
ful. Therefore, a technique involving on-line concentration
was needed to improve sensitivity. In CE, a unique type of
stacking occurs when mixtures of acetonitrile and salt are
present in the sampl@9-31] Acetonitrile offers an effec-
tive method to remove proteins in plasma samples. In ad-
dition, plasma samples contain high concentration of salt
[32]. With regard to simplicity and ease of operation, ace-
tonitrile stacking is a suitable method for on-line concen-
tration of plasma sample in CE. Larger sample volume was
injected into CE.Fig. 4 compared the electropherograms
of different injection volumesFig. 5 shows that the peak
height increased with an increase of sample volume from
10 to 60 s injection. A further increase in injection time did
not increase the peak height of GBP. The peak shape of

the relative peak size varied among different samples. ThereGBP deteriorated for 90 s injection time. In addition, the IS
was no interfering peaks across the window of the GBP and peak was interfered by other components of plasma sample

IS peak in blank plasma samples-£ 6 sources).
3.3. Acetonitrile stacking for plasma sample

Due to matrix effect, the lowest derivatizable concentra-
tion limit for GBP in plasma was calculated to be 60 nM,

(Fig. 4A). With 60 s injection time, a factor of 26 in signal
enhancement was obtained. However, the theoretical plate
numberN dropped from 35,000 to 25,000. The limits of de-
tection (LOD) were estimated based on an S/N ratio of three
for different injection time (10, 20, and 60s). Those results
were summarized iffable 1 The LODs of 20 and 60s in-

about 16 times higher than that in aqueous solution. Attemptsjection time were 4.8 and 3.6 nM, respectively. The LODs
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Fig. 5. Effect of injection time on peak height, peak area, and theoretical plate. Plasma samples spikedWiBBB were injected at different periods

of time.
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Table 2
© Within-day and day-to-day precision and accuracy of GBP in plasma
Concentration added Found R.S.D. R.M.E.
(LM) (mean+ S.D.) (%) (%)
z Within-day (@ = 5)
§ 15.00 14.97+ 1.16 7.7 -0.2
= 1.50 1.414+ 0.11 8.0 -6.0
2 0.15 0.15+ 0.01 7.9 -4.0
% Day-to-day 0 = 10)
~ (A) 15.00 14.13+ 1.16 4.8 -5.8
1.50 1.46+ 0.11 8.9 -2.9
0.15 0.14+ 0.02 10.8 -4.0
Hydrodynamic injection, 20s at 18cm.

Table 3

Ti i .
ime (min) Recovery of GBP in plasma: (= 3)

Fig. 6. Electropherograms of GBP in plasma. (A) 30nM; (B) 150 nM; Concentration added Found Recovery R.SD.
(C) plasma blank. G: GBP and IS: PPA. Electrophoretic buffer, 50 mM (kM) (mean+ S.D.) (%) (%)
sodium borate, pH 9.5; separation voltage, 25 kV; hydrodynamic injection,
20s at 18.cm height; other conditions asFig. 2

20.00 19.944+ 2.74 99.7 13.6
0.20 0.19+ 0.02 91.2 12.9

Hydrodynamic injection, 20s at 18cm.
were more than 10 times better than the traditional injec-
tion volume. Compared with the previously described HPLC theoretical limit of quantitation (LOQ) was calculated to
[11,19]and CE[21] methods, the sensitivity of the present be 17 nM. The effective LOQ of the assay, defined as the
study was better. The LOD of 60 s injection time was sim- lowest quantifiable concentration with the variation of pre-
ilar to that obtained with 20 s injection time. However, the cision and accuracy20%, was found to be 0.38M. The
injection volume was three times more. This is likely due to electropherogram of 0.38M GBP in plasma was shown in
the sample loading capacity of the capillary being exceededFig. 6B. The recoveries of GBP from plasma were deter-
at 60 s under the stacking conditions, which is then observedmined by spiking 48@.l of plasma with 2Qul of 5 x 10~#
as a loss of separation efficiency and lower plate numbers.and 5x 10-% M GBP standard prior to deproteinization. The
Therefore, the optimal injection time is 20s. recoveries of GBP were in the range 91.2-99.T#b(e 3.

3.4. Method validation 4. Conclusions

The developed method was validated by hydrodynamic A sensitive and selective CE-LIF method for the deter-
injection at 18.cm height for 20s. The electropherogram mination of GBP in human plasma was developed. CFSE
of a 30nM GBP in plasma is illustrated Hig. 6A. Ata  has been utilized for derivatization of GBP, followed by de-
signal-to-noise ratio of three, the LOD for GBP in plasma tection with an argon-ion LIF detector. We also demonstrate
was calculated to be 4.8 nM. With an injection volume of Laow the detection limit can be enhanced by using acetoni-
8.9nl, this value corresponds to 42.7 amol of GBP. A cal- trjje stacking technique. A detection limit of 4.8 nM GBP in
ibration curve was constructed for the GBP in plasma in plasma was achieved. This developed CE—LIF method, with
the concentration range 0.03-8M. The linear equation  jts simplicity, sensitivity and ease of operation, is suitable

wasy = (0.3553+ 0.0033x — (0.0882+ 0.0423 with an  for routine analysis of GBP in human plasma samples.
r = 0.9998 ¢ = 7). This range sufficiently covers the nor-

mal drug level encountered in plasma (0.14426) follow-

ing clinical administration of 400 mg of GBP to a healthy Acknowledgements
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