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Abstract

During the last three decades, a great deal of information has been discovered about chemical neurotransmission. However, the mo
important processes, namely the complex nature of neuronal circuitry, the “cross talk” between multiple neurotransmitter systems, and the
varying effects neurochemicals have at different receptors, are still being explored. Techniques such as microdialysis are routinely employe
to measure neurotransmitter levels in living tissue systems. Moreover, microdialysis studies have proven to be valuable in the investigation o
neurodegenerative and psychiatric disease pathology, as well as in identifying novel drugs to treat such disorders. One particular challenge
performing these experiments is the requirementto couple microdialysis to sophisticated analytical equipment. Recently, considerable attentic
has been focused on the development of chromatographic—mass spectrometric techniques to provide more sensitive and accurate measurem
of neurochemicals collected from in vivo microdialysis experiments. This review will provide a brief overview of the microdialysis technique,
as well as how microdialysis and chromatography—mass spectrometry are being used to measure extracellular levels of neurotransmitters. T
primary emphasis of this review will be on how these applications are used to measure levels of acetylcholine (ACh), dopamine, norepinephrin

and-y-aminobutyric acid (GABA).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction microdialysis has quickly become a common fixture in the

pharmaceutical industry to aid in the discovery and develop-
Techniques used to monitor brain neurochemistry provide ment of novel pharmacotherapeutics.
an exciting avenue in which to advance our understanding of
neuropsychiatric disease pathology, as well as to aid in the2.2. Microdialysis probes
discovery of novel and innovative pharmacotherapies used to
treat such illnesses. The technique of microdialysis is rou- A principle component of microdialysis is the probe used
tinely used to monitor the chemical constituents of the extra- to capture molecules from the extracellular spd€8. How-
cellular space in living tissue systems. In its simplest form, ever, regardless of the probe dimensions and specifications
microdialysis provides a “snap shot” of the local environment [10,11], all microdialysis probes share a fundamental sim-
revealing critical features of what a neurochemical system ilarity: the semi-permeable membrane. This membrane is
looks like before, during and after administration of a drug or where the “dialysis” or the diffusion of molecules between
other physiologically relevant stimuli. The utility of thistech-  the extracellular fluid and the perfusion fluid takes place. Ini-
nique was firstdescribed in the field of neuroscience, althoughtially, the microdialysis probe is implanted into a discrete
today the use of microdialysis is common in pharmacoki- region of interest and a physiological salt solution (e.g., arti-
netic, pharmacodynamic and, now more recently, in clinical ficial cerebrospinal fluid, aCSF) is slowly and continuously
study designs. While several recent reviews focused on theinfused through the probe until an equilibrium is achieved
use of microdialysis in these areas of resedfck3], this between the inside of the probe and the extracellular space.
commentary will focus on how microdialysis applications Since the membrane is pervious to endogenous chemicals
are being coupled to chromatography—mass spectrometry tesmall enough to pass through holes in the membrane (e.g.,
measure extracellular neurochemicals such as acetylcholine20 kD), molecules diffuse down their concentration gradi-
(ACh), dopamine, norepinephrine ageaminobutyric acid ent into the dialysis probe. After a given amount of time,
(GABA). the perfusion solution inside the probe will contain a repre-
sentation of the chemicals found in the extracellular space.
The fluid inside the probe (also referred to as the dialysate)
2. Principles of microdialysis is collected and subsequently analysed for neurotransmitter
content.

2.1. A brief historical perspective
2.3. Advantages and disadvantages

In vivo microdialysis has been used extensively since the
late 1960s and early 1970s. Most people working in this  In addition to providing critical pieces of information
research area consider Delgado’s early experiments in 1972egarding the neurochemical environment, microdialysis
[4] to be the birth of what we know today as in vivo micro- studies offer several inherent advantages over other tech-
dialysis. This group initially described a “dialytrode” that niques. For instance, by employing stereotaxic surgical tech-
was surgically implanted for long-term intracerebral perfu- niques, neurochemicals can be measured in discrete areas
sion studies. It was, however, not until Urban Ungerstedt of the brain that are otherwise inaccessible by other tech-
and colleaguefb,6] appropriately refined this technique and niques. Moreover, simultaneous sampling from multiple sites
coupled microdialysis sample collection to, what was at the is made possible by implanting more than one probe in the
time, cutting edge liquid chromatography and electrochemi- same animal. This particular advantage is illustrateeign 1.
cal techniques. This union of in vivo sampling with analytical Another distinct advantage of microdialysis is that the probe
chemistry quickly expanded the field of microdialysis as well can be used to infuse test or known compounds through the
as led to the formation of several microdialysis companies probe (known as retrodialysis). Therefore, by using multi-
including CMA Microdialysig 7], Applied Neurosciencis] ple microdialysis probes, the effects of local drug injection
and BioAnalytical System§9]. The commercialisation of  on neurochemicals in other brain regions can be monitored.
microdialysis resulted in numerous research groups employ-Additionally, when coupled to analytical systems such as
ing the technique in a variety of freely moving, unanes- mass spectrometry, microdialysis can be used to obtain direct
thetised animals including mice, rats, guinea pigs, monkeys measurements of free drug concentrations in the brain fol-
and humans. Currently, in the 21st century, in vivo microdial- lowing a systemic injection in viv§l2]. Finally, since it is
ysis systems can be fully automated in terms of the collection a sampling technique, microdialysis reduces the overall loss
and injection of dialysis samples. Moreover, the technique of of body fluids.
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ters collected (i.e., fmol amounts) and the small microdialysis
Micedlaiisl prope sample size (i.e., 10720). In addm_op, m|grod|aly3|s sam-

ples are complex mixtures containing high concentrations

\ of inorganic salts that require chromatographic separation to
\ allow for the measurements of individual neurotransmitters.
For many decades, the most popular separation methods for
classical neurotransmitters were carried out using gas chro-
matography (GC) and high performance liquid chromatogra-
phy (HPLC) techniques. These methods are discussed briefly
below.

A specific requirement of GC is that the substance to be

/‘ o ‘ analysed is volatile. Volatilisation of the analytes is achieved

)

by chemical derivitisation to introduce the volatile function
group on the molecules. For instance, volatilisation of acetyl-
choline (ACh) was achieved by demethylation of the quater-
nary N-atom with sodium benzenethiolate to form the tertiary
amine analo@14,15] GC separation of the neurotransmitter
derivatives coupled with mass spectrometry (GC-MS) has
been used for quantification of neurotransmitters in plasma,
cerebrospinal fluid (CSF) and extracted brain tigde-18]
X _ ; : ~ However, the sensitivity of GC-MS assays is inadequate
Sprague—Daney rat. Probes are secured in their respective brain reglonsfor the detection of extracellular levels of neurotransmit-
with dental cement and two stainless steel screws.
ters in brain microdialysate. Other disadvantages of GC-MS

Despite many distinct advantages of microdialysis, it is assay include time-consuming sample clean-up procedures
a complicated technique with just as many disadvantages.and inadequate specificity.
Thus, microdialysis probes must be implanted into a region By comparison, HPLC provides the advantages of sim-
ofinterest. In doing so, damage to local tissue/cellular regions plicity and stability. While neurotransmitters such as ACh,
could potentially confound experimental results. It should be dopamine, GABA, are polar compounds with low molecular
noted that this damage is considered to be minimal and studieswveights, their retentions on standard reversed phase HPLC
have shown that the blood brain barrier, for example, remains systems are generally poor. Additional problems that are typ-
intact following probe implantatiofl3]. Additionally, stud- ically encountered while separating these neurotransmitters
ies have shown that local chemical levels and blood flow using standard reversed phase HPLC systems include spu-
return to near normal levels approximately 24 h post probe rious HPLC peaks, lengthy column equilibration time, and
implantation13]. Furthermore, and simply due to the size of poor HPLC peak shapes. To circumvent some of these issues,
the microdialysis probes, there is no access to the intracellu-ion-pairing [19] and hydrophobic interactiof20] mecha-
lar space. Therefore, subtle changes occurring to moleculesisms have been used to separate these polar analytes. Other
residing inside the cell, which are not sufficiently reflected concerns for analysis are the low levels of extracellular neu-
in the extracellular space, cannot be accurately monitored byrotransmitters and the small microdialysate sample size. To
microdialysis. Microdialysis samples typically have poor or increase overall sensitivity and to reduce sample dilution, the
low temporal resolution as samples are usually collected in HPLC methods employed small diameter HPLC columns
“buckets” or time intervals greater than 5 min. While this res- with pre-columns as well as capillary columns have been
olution time has been shortened considerably by the advent ofdeveloped.
highly sensitive analytical techniques, microdialysis samples
just simply do not provide “real time” information regarding 3.2. Mass spectrometry
the neurochemical environment.

Fig. 1. X-ray showing dual microdialysis probe implantation in a male

Methods including electrochemical detection (EG2Y)],
fluorescencg22], ultraviolet (UV)[23] and mass spectrom-

3. Analysis of microdialysis samples etry (MS)[24] have been routinely coupled to HPLC meth-
ods for the measurement of neurotransmitter concentrations.
3.1. Chromatography However, in many cases, including ECD methods, an indi-

rect measurement of analytes is made. Moreover, co-eluting
A well-known requirement of microdialysis studies is the interferences can affect the overall accuracy of the measure-
need for coupling to sophisticated analytical equipment to ments using these methods. By comparison, MS provides
analyse the collected samples. Detection of extracellular lev- a direct measurement of specific analytes and, depending on
els of neurotransmitters remains an analytical and technicalthe measured analyte (i.e. neuropeptides), can provide a more
challenge due, inlarge part, to the low levels of neurotransmit- sensitive platform in which to monitor some neurochemicals.
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In the LC-MS assay, an analyte can be identified by both dopamine, norepinephrine and GABA in microdialysate.
its retention time and molecular weight. Monitoring the Table 1summarises these methods while the major advan-
selective molecular ions (known as selected ion monitoring, tages and disadvantages of the techniques are highlighted in
SIM) in the measurement of analytes has been used withthe following sections.
a single quadrupole MS to improve the sensitivity of the
measurement. Furthermore, a triple quadrupole MS allows 4.1. Acetylcholine
specific daughter ions, resulting from dissociation of the par-
ent molecular ion, to be monitored. Monitoring the most The biological role of ACh has been studied since the
abundant daughter ion from dissociation of the molecular mid-1920s[25]. Scientists found that ACh is involved in
ion has been conducted using a multiple reaction monitor- the regulation of the central cholinergic functions, which
ing (MRM) scan function (also known as selected reaction were related to various CNS diseases including — but not
monitoring, SRM). The MRM scan function provides an limited to — myasthenia gravig6], cognitive dysfunction
additional dimension of structurally specific filtering for indi-  [27,28], Hirschsprung’s disead@9], Tourette’s syndrome,
vidual analytes. As a result, the signal to noise ratio of an Huntington’s disease, Schizophrerj&0], Parkinson’s dis-
ion chromatographic peak using the MRM scan mode is sig- ease and Alzheimer’s diseg8d—-35] Therefore, the ability
nificantly higher (10-20-fold) than that obtained using the tomeasure brain concentrations of AChisimportantin under-
SIM scan mode. Overall, the LC/MS/MS techniques pro- standing disease pathology as well as in evaluating potential
vide a direct, structural-specific measurement of individual disease-modifying treatments.
components with high sensitivity. In addition, LC/MS/MS The use of in vivo microdialysis to measure ACh was
systems have minimal baseline drift and can be equilibratedfirst developed by Damsma et §86-40] Westerink et al.
very rapidly. [41-43] and Ajima and Katdq44—46] Reported methods
One critical requirement for the use of the LC/MS or for the measurement of ACh were based upon the use of
LC/MS/MS systems is that the mobile phase must be volatile. chemiluminescenci7], electrochemical (ECDR1], fluo-
Although ion-exchange reagents, such as alkanesulphonatesgescencg22], MS [24,48]and UV[23] detections. A recent
are commonly used for cation-exchange chromatography,review by Tsai surveyed various analytical techniques that
they are not volatile and therefore not compatible with MS have been adopted for the measurement of A&H. The
technology. These mobile phase systems could significantlymajorities of these methods relied on detecting ACh indi-
reduce the ionisation efficiency because of ion suppression.rectly and were insufficient for reliable quantification of ACh
Development of separation methods, which could retain and in microdialysate. Furthermore, many investigators included
separate the polar analytes and also be suitable for MS, hascetylcholine esterase (AChE) inhibitors, such as physostig-
been a technical challenge for the detection of neurotrans-mine or neostigmine, in the perfusate media to enhance
mitters. Another concern when using MS techniques is that basal levels of ACh. The most commonly used approach for
ion suppressing occurs during electrospray ionisation (ESI) the measurement of extracellular ACh was based on brain
in the presence of salts and other co-eluting analytes. Themicrodialysis coupled to an HPLC-ECD system with a post-
high ionic strength of microdialysis samples generates high column immobilised reactor (post-reactor). This technique
background noise and suppresses the ionisation of analytefias been shown to measure central ACh release but only in
resulting in considerable reductions in sensitivity. Therefore, the presence of AChE inhibitof85,44,50,51] One funda-
it is essential to resolve the analytes with co-eluting compo- mental problem with this method was that the use of AChE
nents in the sample matrix to minimise the ion suppression. inhibitors could lead to changes in the physiology of the
system. Thus, AChE inhibitors contained in the perfusion
fluid could mask small drug related changes in ACh lev-
4. Measuring extracellular neurotransmitter levels els as well as alter transmission of other systems within
the perfused arefp2-57] For example, De Bodb4] and
The rest of this review will focus on the detection meth- Acquag58] reported that perfusion fluid containing neostig-
ods used to measure specific neurochemicals including ACh,mine quantitatively and qualitatively influenced the manner

Table 1

Methods coupled to HPLC to measure neurochemicals from microdialysate

Detector Neurochemical Column Detection limit Reference
MS (SRM) ACh lon-pair 1.2 fmol [62]

MS (MRM) ACh Cation-exchange 1.0fmol [60,61]

MS (MRM) Dopamine lon-pair 200 pmol [69]

MS (MRM); pre-column derivatisation GABA Capillary reversed phase 5ng/ml [86]

ECD; post-column IMER ACh Cation-exchange 10fmol [21,57]

ECD; pre and post-column IMER ACh Cation-exchange 10fmol [59]

ECD Dopamine Cation-exchange 100 pmol [20]
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in which dopaminergic agents regulated ACh overflow in the robutyric acid at pH 3.2. However, the authors also indicated
striatum. that the method could not be used for routine measurement of

Methods for determining basal levels of acetylcholine ACh. When attempting to reproduce the findings of Zhu etal.,
in the central nervous system, without the use of AChE our research group observed a significant signal drop within
inhibitors, are an invaluable tool. Using improved HPLC- a short period of time (<1h) by using Zhu's mobile phase
ECD techniques Huang et §1] and Kato et al[59] reported system[65]. This observation suggested that the relatively
that AChE inhibitors were not necessary in the detection of high viscosity of the mobile phase with 20 mM heptafluo-
basal ACh in brain microdialysate. Huang et al. described a robutyric acid and 20 MM ammonium acetate at pH 3.2 could
peroxidase-redox polymer modified glassy carbon electroderesultin serious contamination of the MS ion source, resulting
operating at +100 mM versus Ag/AgClto detect the reduction low sensitivity. Hows et al60] developed a cation-exchange
of hydrogen peroxide. With this method, a detection limit of chromatography with elution buffer, consisting of a mixture
10 fmol was obtained. Kato et 4b9] reported detection of  of ammonium acetate, ammonium formate and acetonitrile.
basal AChin dialysate from rat frontal cortex by HPLC using The detection limit of this method was 1 fmol. This system
a horseradish peroxidase-osmium redox polymer electrodewas more robust than the previous systems and the authors
with pre-enzyme reactor (HRP-GCE). The authors stated reported that the assay has been used routinely for the mea-
detection limit of 10 fmol for ACh levels in the dialysate. surement of ACh from brain microdialysis samples.

The most sensitive assay that has been reported in the lit- Electrospray ionisation utilises high voltage to ionise
erature for the analysis of ACh is coupling in vivo microdial- molecules, which have anionisable group, to form protonated
ysis with liquid chromatography-tandem MS (LC/MS/MS) ordeprotonated molecularions in positive or negative electro-
[60-62] In these studies, microdialysis probes were surgi- spray ionisation, respectively. The quaternary amine function
cally implanted into specific brain regions of the rat. The group of ACh has a positive charge at acidic conditions. There
probes were perfused at a flow rate of 1nin with aCSF. is no need to ionise the molecules of ACh in acidic conditions,
The microdialysates were collected every 20-30min and resulting in good sensitivity. The molecular ion {)Mat m/z
samples were directly analysed off-line by LC/MS/MS. The 146 of ACh is the predominant ion formed in the ESI source
separation of ACh was based on cation-exchajtge61] at a low pH (e.g., pH 4) of the mobile phase. One impor-
or ion-pair chromatography with volatile reagefié®,63] tant consideration is the potential ion suppression from the
The analytes were detected by tandem MS in the positive components in the dialysates. In vivo microdialysates con-
ESI mode. In order to achieve the best sensitivity and struc- tain high concentrations of salts including NaCl, KCI and
ture specificity, a specific daughter ion from dissociation of MgCls. Itis essential to resolve the analytes from these com-
the molecular ion of ACh was monitored using MRM scan ponents in the sample matrix to minimise ion suppression.
mode on triple quadrupole Mf§0,61] or SRM scan mode  Hows and colleagues reported that the detection sensitivity
on ion trap MS62]. The detection limit for ACh was found  of ACh using the cation-exchange columns was poor when
to be 1.0 and 1.2 fmol by using triple quadrupole [88,61] the pH of an elution buffer was greater than 4.0. This was
and ion trap M362], respectively. One of the major advan- likely due to the interference from a co-eluting HPLC peak
tages of LC/MS/MS techniques over HPLC detectors is that [60]. The sensitivity was dramatically improved when the pH
ACh is identified by both its retention time and its specific of elution buffer was low. Zhang et al. used a gradient method
parent—daughter ion transition (MRM or SRM). LC/MS/MS thatresulted in early elution of these inorganic g&itg. This
techniques provide a direct, sensitive and structure-specificapproach reduced ion suppression that is typically observed
measurement of ACh. Additionally, LC/MS/MS techniques during the ESI process.
result in minimal baseline drift and rapid equilibratif@0]. Reasonable chromatographic separation in ACh mea-

The selection criteria of HPLC columns and mobile phase surements is important to minimise potential chemical
systems are important for detection of ACh using LC/MS/MS interferences. Both Zho(62] and Zhang[61] observed
techniques. Liberato et al. reported a LC/MS assay in which another neurotransmitter, (3-carboxylpropyl)-trimethyl-
a C18 microbore column with a flow rate of Wmin was ammonium (iso-ACh), in the microdialysate from rat brains.
used to separate ACh and choline. For these studies, octanelso-ACh is an isobar of ACh and it produces the same MRM
sulfonic acid was used as the ion-pairing agent while the transition as that of AChScheme ) Differentiation of iso-
molecular ions of analytes were detected by MS under ESI ACh and ACh was determined by their HPLC retention times.
with SIM scan modg64]. The detection limit for ACh was  Therefore, baseline separation of these two components is
10 pmol, which was insufficient to detect extracellular ACh essential for the accurate quantification of ACGg( 2) [61].
in the microdialysate. Zhu et al. employed heptafluorobutyric
acid in the mobile phase as the ion-pairing reagent to sepa-<4.2. Dopamine and norepinephrine
rate ACh and choline in their stud§2]. The authors claimed
that heptafluorobutyric acid showed good separation and had Dopamine, norepinephrine and epinephrine are cate-
shorter equilibration time of less than 5 min. They reported a cholamines. Dopamine is the most recently discovered
detection limit of 1.2 fmol on column using the mobile phase catcholamine transmitter in the mammalian brgg6—68]
containing 20 mM ammonium acetate and 20 mM heptafluo- Heidbreder et al. developed an analytical method by using
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Q | cb 0 I discriminate between HPLC peaks assigned to artifacts or
)ko/\/N\ — ot N analytes.
m* at m/z 146 miz 87 : m/z 60 Unfortunately, this LC/MS/MS method was not sensi-
Acetylcholine tive to determine basal levels of norepinephrine. Pe
0 L - o | Sub_stituted aliphatic hydroxyl group to the prima_ry amine
HO)J\/\/N< i )k/\ LT N moiety of norepmephr!ne further r_educed the stability of the
M* at m/z 146 "o iz 87 miz 60 protonated molecular ion by formlr_lg [MH—ZIED].+ fragment
(3-carboxypropyl)trimethylammonium ions. Therefore, the detection limit of norepinephrine was

five-fold higher than that of dopamine. Maintaining good
Scheme 1. Fragment ions of the molecular ions of ACh and iso-ACh HPLC separation and simultaneously obtaining high ESI
observed in their product ion mass spectra. ionisation efficiency for the biogenic amines dopamine and

] . . ~norepinephrine remain to be a technical challenge. ESI of
ion-exchange chromatography with ECD to improve selectiv- e biogenic amines utilises the primary amine moiety to

ity and minimise artifacts for measurement of dopamine and oy protonated molecular ions ([M + HJ. The protonated
norepinephrine in brain dialysatgX]. However, this system  qjecular ions with a charged primary amine moiety were

required glong equilibration timg, resulting in low throughput generally unstable, and they rapidly dissociated to form a pre-
of analysis. Furthermore, as with most HPLC based meth- 4ominant [MH-NH]* fragment ion in the ESI source. Since

ods, the analytes can only be identified by matching retention i nrotonated molecular ion was not the predominant ion in

times which may result in false positives introduced by €o- {hejr mass spectra, monitoring the protonated molecular ions
eluting chemical interferences. To circumvent these ISSUES, might result in reduced sensitivity.

Hows et al. developed a reversed phase HPLC-tandem MS

assay for simultaneous measurement of dopamine and noreyz 3 544

pinephrine in rat microdialysat¢69]. Using this approach,

se_paratipn of dopamine and norepinephrine was carried out  GABA s a ubiquitous, non-protein amino acid produced
using either a Discovery C18 HS or a Synergi hydro RP hrough thex-decarboxylation of -glutamic acid. GABA is
column and a mobile phase system containing water and acetne predominant inhibitory neurotransmitter in mammalian
tonitrile with 0.1% of formic acid. The analytes were detected antral nervous systerfig2]. Numerous studies indicate that
using tandem MSiin the positive ESImode. The detection lim- apnormal GABA levels in physiological fluids are correlated
its for dopamine and norepinephrin were 200 and 1000 pM, \ith various neurological disorders. Thus, it has been shown
respectively. This latter method was used to evaluate the effectnat elevated GABA levels were observed in the CSF of
of acute systemic administration of cocaine on dopamine andyeningitis patient§73], while low levels of GABA were

norepinephrine in the shell subregion of the nucleus accum- aasured in the CSF of patients with Alzheimer's disease
bens. An interesting note from the authors was that the basal747.

level of dopamipe in the microdialysates was 0.47nM using ~ The direct monitoring of GABA is very difficult because
LC/MS/MS, which was much lower than the basal levels of j; is insensitive to electrochemical and UV-vis spectroscopic
5.5nM detected using HPLC-ECD in the same laboratory methods. It is also difficult to detect GABA in combina-
using the same samples. When the flow rate of microdialy- tion with an enzymatic reaction because neither oxidase
sis studies was taken into account, the basal level of 0.47 nMp, 5, hydrogenase can be found, unlike other neurotransmit-
from LC/MS/MS analysis was consistent with published con- {ars such as-glutamate and ACh. Various methods have

centrationg70,71] They found that the HPLC peak detected peen developed for the detection of GABA. These methods
using LC-ECD could not be attributed solely to dopamine \yere pased on techniques including HP[Z6-78] GC-MS
and was most probably contributed by co-eluting chemicals. [79,80], CE-MS[81], CE-laser induced fluorescence detec-
This result demonstrated that LC/MS/MS provided a means tjgp, [82], electrochemical sensd83], spectrophotometry

of unequivocally identifying analytes and could be used to [84] and HPLC-MS[85]. Many of these techniques, par-

ticularly the GC-MS based method, require time-consuming
o 583 500 146.2>86.9 sample pretreatments such as liquid—liquid or solid phase

1 extraction. The intention of the CE-MS method was to deter-
mine levels of GABA in the rat brain using in vivo microdial-
ysis. However, these methods were shown to be inadequate
as the signal was too weak for quantification analj&ig.

Ma et al. reported an HPLC—MS method for simultaneous
determination of GABA and glutamate in rat brain tisf24.
e e The s:_aparation of these amino acids was carrie_d out L!sing an

' ' ' ‘ Inertsil ODS-2 packed column (150 nv¥.6 nm i.d.) with
Fig. 2. The MRM chromatograms of ACh and (3-carboxylpropyl)- & Mmobile phase system composed of acetonitrile and ammo-
trimethyl-ammonium in microdialysates from rat hippocamfisj. nium acetate. lonisation occurred using atmospheric pressure
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chemical ionisation (APCI) and detected using the SIM analytical approaches will greatly benefit our understanding
mode. The method had a detection limit of 28.3ug/ml, of chemical neurotransmission in vivo and, undoubtedly, aid
which was insufficient to detect the basal GABA concen- in the exploration of neurodegenerative and psychiatric dis-
trations in plasma or microdialysates. The low sensitivity ease pathology, as well as in identifying novel therapies to
of the method was likely due to multiple factors. First, the treat such disorders.
sample dilution by mobile phase, when using a 4.6 nm 1D
column, reduced the actual sample concentrations in the ESI
source. Second, the protonated molecular ions of GABAWith g .ferences
a charged primary amine moiety were unstable and were not
the dominant ions in the ESI mass spectra. Monitoring the (1) m.J. cano-Cebrian, T. Zornoza, A. Polache, L. Granero, Curr. Drug
protonated molecular ions could result in reduced sensitiv- Metab. 6 (2005) 83-90.
ity. Third, GABA, which is a very polar molecule with an  [2] O. Rooyackers, A. Thorell, J. Nygren, O. Ljunggvist, Curr. Opin.
acid and a primary amine moiety, eluted at very early reten- ___ Clin. Nutr. Metab. Care 7 (2004) 513-521.
. . L . . [3] L. Hillered, P.M. Vespa, D.A. Hovda, J. Neurotrauma 22 (2005)
tion time under the study conditions described in the paper. ™ ;'
The co-eluted chemical interferences could cause serious ion 4] 3 M.R. Delgado, F.V. de Feudis, R.H. Roth, D.K. Ryugo, B.M.
suppression, resulting in low ionisation efficiency. Finally, Mitruka, Arch. Int. Pharmacodyn. 10 (1972) 9-21.
the detection sensitivity when using SIM scan mode on sin- [5] U. Ungerstedt, C. Pycock, Bull. Schweiz. Akad. Med. Wiss. 1278
gle triple quadrupole MS was much lower than that observed __ (1974) 1-13. . o

. . [6] U. Ungerstedt, M. Herrera-Marschitz, U. Jungnelius, Lal$e, U.
using MRM scan mode on triple quadrupole V&3] _ Tossman, T. Zettersim, Adv. Biosci. 37 (1982) 219-231.

In order to achieve better detection sensitivity, capil- (7] http:/mww.microdialysis.se/.
lary HPLC-MS hyphenation has been gaining research [8] http://www.appliedneuroscience.co.uk/.
interest. Song et al. reported a capillary liquid chromato- [9] http://www.bioanalytical.com/.
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