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bstract

A method of pinpoint-sampling followed by on-line pre-concentration of the sample, throughout in-capillary derivatization and capillary elec-
rophoretic separation was evaluated by demonstrating the detection of taurine, 2-aminoethanesulfonic acid at a specific location of a rat brain. The
irect sampling of taurine from the rat brain was accomplished by using voltage injection associated with two kinds of driving forces, electrophoretic
ow and electroosmotic flow (EOF). The capillary tube (75 �m of inner diameter × 375 �m of outer diameter) of the capillary electrophoresis
CE) apparatus was already filled with a CE run buffer, viz., 40 mM phosphate–borate buffer (pH 10) containing 2 mM o-phthalaldehyde (OPA)/N-
cetylcysteine (NAC) as the derivatization reagent. One end of a platinum wire (0.5 mm o.d.), used as the anode, and the inlet end of capillary tube
from which a 1.0 cm long polyimide coating was removed), were pricked down onto the surface of either the cerebrum or cerebellum of a rat brain
t a location of very small dimension. When a low voltage (5 kV, 30 s) was applied, taurine began to move from the rat brain into the capillary
ube, and, simultaneously, electric focusing of taurine occurred by the action of “the pH-junction effect” at the inlet end of the capillary tube. After
ompleting the injection, both the platinum wire and capillary tube were detached from the brain and dipped into the run buffer in an anode reservoir
led with the same solution as that in the capillary tube for the CE apparatus. Then, by applying a high voltage (20 kV) between the ends of the
apillary tube, taurine was automatically derivatized to yield the fluorescent derivative, separated and detected with fluorescence (Ex = 340 nm,

m = 455 nm) during migration throughout the capillary tube. The migration profiles obtained from cerebrum and cerebellum appeared to be differ-
nt, but the peak corresponding to taurine was identified on both electropherograms. The efficacy of the present method including sample on-line
re-concentration prior to throughout in-capillary derivatization CE was first verified with several preliminary experiments by using samples of
aurine in water, saline and a piece of 1.5% agar–gel block, as an alternate standard for the rat brain used in this study.

2006 Elsevier B.V. All rights reserved.
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. Introduction

For the past several decades [1], in vivo microdialysis or its
ariations have become the method of choice in the study of
nbound tissue concentrations of both endogenous and exoge-

ous substances at site-specific locations of the brain or other
rgans. For example, in 1958, Kalant [2] first described the
icrodialysis procedure for extraction and isolation of corti-

Abbreviations: CE, capillary electrophoresis; EOF, electroosmotic flow;
ME, 2-mercaptoethanol; NAC, N-acetylcysteine; OPA, o-phthalaldehyde
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osteroids from peripheral blood plasma. More recently, have
sed methods combined with on-line coupling to micro sep-
ration technique such as capillary electrophoresis (CE) [3],
ecause less than 1 �l of dialysate or perfusion solution could
e examined. Shippy and co-workers [4] and his group intro-
uced a low flow push–pull perfusion system that provided
hemical information from small volumes of the central ner-
ous system (CNS) tissue without sacrificing neurochemical
ecovery. They succeeded in the in vivo monitoring of gluta-
ate levels with CE examination of a 0.5 �l perfusion solution
n the striatum of an anesthetized rat. Kennedy and co-workers
5,6] developed a method for monitoring primary amines in
ivo using the microdialysis technique coupled with an on-line
E and micellar electrokinetic chromatograph (MEKC) with
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aser-induced fluorescence detection. Dialysates were deriva-
ized on-line with OPA/2-mercaptoethanol (2ME) and auto-
atically transferred to a separation capillary by a flow-gated

nterface. By using such a system, they succeeded in monitoring
aurine (2-aminoethanesulfonic acid) in rat ventral striatum [7].
his systematically designed method seemed to be very attrac-

ive and potentially effective for in vivo monitoring of biological
omponents at a small-sized locations. However, the system was
uch too big and required using special techniques during its

peration. Furthermore, the microdialysis method might not be
roper for a reliable distribution in vitro study of a compound
n a mammalian tissues or organs. For example, the distribu-
ion study in each organ (or tissue) should be carried out when
he pre-clinical test for a new therapeutic drug enrollment is
cheduled. In such a case, each organ is separated form the
ody and the target compound is separately extracted from each
rgan after administration of the compound to the body. After
hemical modification of the compound (if necessary), an instru-
ental analysis is carried out by one method or another. By

sing this off-line method, the time required for analysis for
s quite long. Moreover, there is currently an interest in ana-
ytical biochemistry regarding just how much of a biological
ompound is distributed at a restricted or regional site in an
ndividual organ or tissue sample, rather than in the organ or
ample as a whole, because the biological compound may not
e distributed uniformly throughout. To meet the demands of
peed, accuracy and efficiency, and to overcome the problems
ssociated with the previously employed methods, it is important
o reduce equipment size and to streamline the system by unify-
ng the individual steps, e.g., sampling, chemical modification,
eparation and detection. In the work described in this paper, we
esigned a direct sampling method of the rat brain at small,
ite-specific location by mean of a voltage injection method
hat is generally used for the CE method. Then, the method
as further modified to add sample on-line pre-concentration

nd throughout in-capillary derivatization CE method employed
o uncouple the special on-line derivatization device from the

ethod. The sample on-line pre-concentration prior to through-
ut in-capillary derivatization method was also evaluated with
eference to our previous work, throughout in-capillary deriva-
ization CE [8,9] and sample on-line pre-concentration prior
o on-column derivatization capillary electrochromatography
CEC) [10,11], in order to apply them to the present method. By
sing the new method, we demonstrated an in vitro detection of
aurine at small-sized site-specific locations in rat cerebrum and
erebellum for the first time.

. Experimental

.1. Chemicals

Taurine, OPA and N-acetyl cysteine (NAC) were of the high-
st grade. These reagents were purchased from Wako Pure

hemical Co. (Osaka, Japan), and used without further purifica-

ion. The other reagents used were of the HPLC grade or the
ighest grade commercially available. All aqueous solutions
ere prepared by using water purified with a Milli-Q purifier
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o
b
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ystem (Millipore, Milford, MA, USA). Taurine and a 100 �M
7-component amino acid solution were prepared by diluting
2.5 mM 17-component l-amino acid solution (Type H; Wako
ure Chemical Co.) with water to make an adequate concen-

ration. The run buffer was prepared by mixing equal molar
mounts of 20 mM (or 40 mM) sodium dihydrogenphosphate
nd 20 mM (or 40 mM) sodium tetraborate, and was adjusted
o pH 10, with 1 M sodium hydroxide. The phosphate–borate
uffers solution were stored at room temperature prior to use.
hen, 13.4 mg of OPA and 16.3 mg of NAC were each sepa-

ately added to 50 ml quantities of the phosphate–borate buffers
pH 10) and dissolved by sonification for 3 min, respectively. A
ortion of each solution was filtered with a disposable syringe
lter unit DISMIC-13cp (ADVANTEC, Tokyo, Japan). The run
uffer was prepared just before use. The 1.5% agar–gel block
ontaining taurine was prepared as follows: 3 g of granulated
gar (Wako Pure Chemical) was suspended in 100 ml of 0.9%
odium chloride (or saline) in a glass flask. The glass flask was
hen heated until the suspension became clear. Subsequently, a
0 mM taurine solution in 0.9% sodium chloride solution was
dded to make the adequate concentration. Approximately 5 ml
f the solution was poured into a 10 ml plastic vessel, and placed
t room temperature to make an agar–gel block (ca. 2 cm circle
n diameter, 3 cm in height).

.2. Apparatus

The CE system consisted of an 890-CE stabilized high volt-
ge power supply (Jasco, Tokyo, Japan) with a FP-920 fluores-
ence detector (Jasco) equipped with a capillary flow-cell unit
or CE and a model 807-IT data processor (Jasco). A 75 �m
i.d.) × 375 �m (o.d.) capillary tube of fused silica (Polymi-
ro Technologies, Phoenix, AZ, USA) was used throughout the
ork. The detection window (1.0 cm) was made by removing the
olyimide coating at the 20 cm position from the cathodic end of
he tube. The electropherograms were recorded by monitoring
he fluorescence intensity at 455 nm after excitation with light
f 340 nm. For homogenization of the rat brains, an Iuchi model
OM digital homogenizer (AsOne Co., Osaka, Japan) was used.
or centrifugation of the samples, a Hitachi model Himac-CR
0 refrigerated centrifuge (Ibaragi, Japan) was employed.

.3. CE set-up

Two reservoirs were placed in the CE system, one at the
nodic site and another at the cathodic site. The anodic reservoir
ontained 1 ml of run buffer in which the derivatizing reagent
2 mM OPA/NAC) was present, while the cathodic reservoir con-
ained 1 ml of run buffer that lacked the derivatizing reagent.
oth the ends, one of a piece of platinum wire (0.5 mm of outer
iameter, anode) and one end of the capillary tube (from which
1.0 cm long polyimide coating was removed) at the anodic site
f CE apparatus were fixed in a Teflon-holder as shown in Fig. 1.

efore the sample solution was injected into the capillary at the
nodic end, any remaining residue in the capillary was swept
ut with the run buffer and subsequently filled with the same
uffer at the cathodic end. When the CE system was not in the
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Fig. 1. Schematic diagram illustrating the sequence of procedural steps of site-specific detection. (A) Rat brain or other sample in a plastic vessel is put onto the
stage. A capillary tube (75 mM inner diameter) is filled with a phosphate–borate buffer (pH 10) containing 2 mM OPA/NAC. Saline solution is nebulized onto the
surface of the sample before proceeding to the following step. (B) The stage is raised by a hand-manipulator until both the end of platinum wire (anode) and of the
capillary tube just prick the surface of the sample. Low voltage is applied to inject and pre-concentrate taurine. (C) The stage is lowered, thereby exposing the both
platinum wire and capillary tube, which are then dipped into the anode reservoir containing the same solution as that in the separation capillary tube of CE. The
e nd de
i

u
w
w
m

2

C
a
p
w
o
l
m
b
r
t
d
a
2
e
s
t
n
r
s
a

2

t
c
b
b
t
2
f
w
e
o
o
i
a
i
t
p
l
i

3

lectrokinetically concentrated taurine is automatically derivatized, separated a
s subsequently applied for electrophoresis.

se, the run buffer in the capillary tube and in both reservoirs
as removed and the capillary was washed out several times
ith, in the following order: 1 M sodium hydroxide, water and
ethanol.

.4. Animal sample preparation

Male Wistar rats were purchased from Chubukagaku-shizai
o. (Nagoya, Japan), and were housed with free access to water
nd regular food (CE-2, Chubukagaku-shizai Co.) at 25 ± 1 ◦C
rior to experiments. At 8 weeks of age, a rat was anesthetized
ith ether and was killed by cutting the carotid artery. The skull
f the rat was opened and the detection of taurine at site-specific
ocations of the cerebrum or cerebellum was done by using the

ethod described below. After completion of taurine detection,
oth cerebrum and cerebellum were carefully and separately
emoved from the skull. During this operation, a saline solu-
ion was sprayed onto the tissues to prevent surface dryness. To
etermine the taurine content in throughout the whole cerebrum
nd cerebellum, 100 mg of each brain tissue was transferred to a
ml glass vessel, placed in an ice–water bath, and then homog-
nized with 1.0 ml of methanol. Subsequently, the homogenized
olution was transferred into a polypropylene microcentrifuge
ube and centrifuged at 30,000 rpm for 5 min at 4 ◦C. The super-

atant was evaporated to dryness in vacuo, and, subsequently, the
esulting residue was reconstructed with 100 �l of saline. The
olution was examined by means of the optimized CE apparatus
s described above.

p
t
c

tected by the fluorescence detector of the CE apparatus when the high voltage

.5. Direct sampling and detection

The brain, contained in a plastic vessel or seat, was placed on
he sample stage beside the CE apparatus. Then, the stage was
arefully lifted up by a hand-manipulator until either an agar–gel
lock or the rat brain (either cerebrum or cerebellum) were just
arely pricked by the platinum wire and the end of the capillary
ub at a small-sized location on their surface. After applying
kV for several seconds in the case of agar–gel block or 5 kV

or several seconds in the case of the rat brain, the power supply
as then turned off and the sample stage was subsequently low-

red. An anode reservoir containing CE run buffer was set up
nto the holder to receive both the end of capillary tube and that
f the anodic platinum wire into the run buffer prior to perform-
ng throughout in-capillary derivatization CE. Then, 7 kV was
pplied to the agar–gel block (20 kV for the rat brain). Note: the
nlet end of the capillary was fixed horizontally at the position of
he surface of run buffer in the cathodic reservoir. In addition, all
arts of the system, including the stage, were completely insu-
ated from the ground. The schematic diagram for this method
s shown in Fig. 1.

. Results and discussion
To perform the site-specific sampling of a biological com-
ound from a rat organ with the present method, we chose
aurine and the rat brain as a standard, representative bioactive
ompound and organ for this study, because taurine is ubiq-
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itous and is the most abundant, free, semi-essential amino
cid in the mammalian heart [12], retina [13,14], skeletal
uscle [15], brain [16,17] in leukocytes [18], etc. [19]. It

s believed that taurine is an especially important component
f the developing brain and must be supplied to humans in
heir diet [20]. Furthermore, taurine is an interesting com-
ound because it has wide variety of roles in the mammalian
ody, acting, for example, as a neurotransmitter, as an antioxi-
ant [21], as a modulator of intracellular calcium levels, as an
smolyte [22], etc. Currently, the most frequently applied tech-
iques for determining the presence of taurine include column
hromatography either via ion-exchange [23–26] or reverse-
hased mode [27–39] after pre-column derivatization with o-
hthalaldehyde (OPA) [23,27–29,31,32,36,37,39], dansyl chlo-
ide [34], fluorescamine [38] or with detection by means of a
ass-spectrometer [33], electrochemical detection [27,39] or by

ther methods [24,26]. With the remarkable progress of micro-
nalytical techniques over the past several decades, e.g., CE
r microchip CE, the time required for analysis of biological
pecimens has become greatly reduced. However, despite the
eduction in required sample size and the separation time for
nalysis, as just mentioned above, gross analysis time, which
ncludes procedures for pre-treatment of a biological or food
ample, has not shown much reduction. Furthermore, the verified
eported methods do not solve the problem of making a deter-
ination at a restricted or regional site in an individual organ.
o overcome these problems, we demonstrated the detection of

aurine by the method described and optimized by following
teps.

.1. On-line pre-concentration prior to throughout
n-capillary derivatization CE

Detection of the small amount of taurine present in rat brain
y means of a normal CE apparatus is more difficult as compared
ith HPLC due to reduced detection sensitivity, which, in turn,

s caused by the short length of the light-path at the detection
indow. One solution is to use a technique called on-line pre-

oncentration, which has enjoyed some degree of success with
E in the past decade [40]. On-line pre-concentration techniques

nduce electrokinetic focusing of large volumes of injected sam-
le based on differences in local analyte velocity within two or
ore distinct buffer segments in a capillary. In our previous

apers [10,11], we demonstrated the efficacy of using on-line
re-concentration prior to on-column derivatization CEC. This
echnique produces a remarkable enhancement of the detection
ensitivity for biogenic amines, even those which are lacking in
ither chromophore or fluorophore in their molecules. Thus, this
n-line pre-concentration method was applied to the method of
hroughout in-capillary derivatization CE, which was also devel-
ped by our group [8,9]. On-line pre-concentration can be done
imply by making the injection time much longer than usual.
n this study, a 40 cm capillary (20 cm of effective length) and

mM OPA/NAC–20 mM phosphate–borate buffer (pH 10) were
mployed for the separation capillary tube and run buffer, respec-
ively. The throughout in-capillary derivatization CE was carried
ut at 7 kV.

o
h
c
E
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First, on-line pre-concentration prior to throughout in-
apillary derivatization CE was evaluated by using a 10 �M
olution of taurine in water. When electrophoresis began after
ntroducing the solution into the separation capillary tube by
eans of hydrostatic injection (5 cm high; 5, 30, 60 and 150 s),

ample stacking occurred at the border between the sample plug
low conductivity) and the run buffer plug (high conductivity)
ased on the so-called “field-amplified sample stacking effect”
nd, subsequently, taurine was derivatized during migration
hrough the capillary tube filled with the run buffer containing
he derivatization reagent, OPA/NAC. As shown in Fig. 2A, the
ample became 20 times more concentrated relative to the con-
entional method (5 cm high; 5 s) and gave a sharp peak, even
hen the sample was injected for 150 s. The migration time
f taurine decreased with increasing injection time. This shift
n migration time in Fig. 2A is caused by the longer injection
ime, which makes the center of the stacking plug closer to the
etection window.

Next, because taurine or other biological compounds are usu-
lly present in an isotonic environment, we felt it necessary to
valuate the present method using taurine in a saline solution
0.9% sodium chloride solution). Ten micromolar of taurine
n saline was also examined by the same manner as described
bove, and the various results are shown all together in Fig. 2B.
lthough the pre-concentration of taurine in the saline solution

esulted in approximately a 23-fold enhancement in concen-
ration, which was almost the same level of enhancement of
etection sensitivity, the shift in migration time in this case was
ess than that in the case of taurine in water.

In this case, we believe pre-concentration occurred by means
f a different mechanism, namely, the “dynamic pH-junction
ffect” [41]. Usually, sample pre-concentration by the dynamic
H-junction method can be performed by making two kinds
f plugs, “sample plug” and “run buffer plug”, in a capillary
ube, each with a pH different from the other. Upon applica-
ion of voltage, stacking is due to decreases in the velocity of
he sample analyte when migrating from the low pH sample
one to a relatively high pH buffer zone. Although the sam-
le plug in this study was composed of taurine (pKa = 4.99)
44] in an unbuffered saline solution, it is likely that a pH
oundary formed between the sample plug and the run buffer
lug (pH 10). Application of the voltage generates motion in
he boundary between the two plugs, resulting in electrokinetic
ocusing of taurine bands towards the front end of the sample
one.

Finally, because our final goal in this study was to perform
irect sampling and detection of taurine in a rat brain, we knew
hat, in such a detection, it would be better to employ a voltage
njection technique, rather than hydrostatic injection. The 10 �M
aurine in saline solution was also evaluated using the 2 kV
njection for the same injection times as the method mentioned
bove. The results are shown in Fig. 2C, and from these it was
ecognized that the sample pre-concentration prior to through-

ut in-capillary derivatization occurred just as well as if the
ydrostatic injection method had been employed. In the present
ase, we anticipated that the sample plug would be formed by
OF and, simultaneously, electrokinetic focusing of taurine by
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Fig. 2. Effect of the sample matrix and injection method on on-line pre-concentration. Conditions: sample consisting of 10 �M taurine in water (A) or 10 �M taurine
in saline (B and C); sample injection, 5 cm high hydrostatic injection for 10, 30, 60 and 150 s (A and B) or 2 kV voltage injection for 5, 30, 60 and 150 s (C); capillary,
a 40 cm fused silica capillary tube (75 �m inner diameter, 20 cm effective length); CE run buffer, 2 mM OPA/NAC–20 mM phosphate–borate buffer (pH 10); CE
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pplied voltage, 7 kV. For other CE conditions, please refer to Section 2.

ynamic pH-junction would occur at the inlet site of the capillary
ube.

In addition, the effect of the presence of Mg2+ and Ca2+,
hich are major cations present in biological samples, on the per-

ormance of voltage injection used here was examined, because
e expected that their presence would disrupt the EOF used

o inject taurine. It was observed that there was no effect on
he performance of taurine injection from those cations under
he condition of the present injection method when 10 �M tau-
ine in Tyrode’s solution (137 mM NaCl, 2.7 mM KCl, 1.0 mM

gCl2·6H2O, 1.8 mM CaCl2·2H2O, 0.4 mM NaH2PO4·2H2O,
1.9 mM NaHCO3 and 5.6 mM d-glucose) and the 10 �M tau-
ine in 0.9% NaCl solution were compared with each other.

.2. Detection of taurine in an agar–gel block

Given the above results, a direct sampling of taurine was
arried out using a 1.5% agar–gel block as a substitute for rat
rain. Just before pricking the agar–gel block with the platinum
node wire and the capillary tube, it was necessary to spray a
aline solution onto the surface of the agar–gel block to pre-
ent accidentally inserting an air-plug into the capillary tube
uring performance of site-specific detection due to the dry-
ng out of the agar–gel surface from evaporation. The 10 �M

aurine concentration in the agar–gel block was tested with a
kV injection voltage for 5, 30, 60 and 150 s. The taurine effec-

ively moved from the agar–gel matrix to the separation capillary
ube and electrokinetically focused on the inlet site of the cap-

t
l
b
t

llary tube by application of the same voltage and injection
imes shown in Fig. 2C. The peak area corresponding to tau-
ine increased with increasing injection time as shown in Fig. 3.
n addition, the same results were given when a 1.5% agar–gel
lock made with Tyrode’s solution was used instead of a 1.5%
gar–gel block made with 0.9% saline. This result showed that
re-concentration prior to in-capillary derivatization takes place
ven if the taurine is mixed in an agar–gel block, as well as in
aline solution or Tyrode’s solution. Therefore, we concluded
hat taurine present in an immobilized matrix such as agar–gel
r mammalian tissues can be introduced into a capillary tube by
eans of voltage injection. It should be noted that the distance

etween the end of the platinum wire and capillary tube had
n effect on the reproducibility of the assay results, hence, this
istance, as shown in Fig. 1, was fixed in this study.

.3. Assay validations

To study the peak area responses to the different concentra-
ions of taurine (10, 100, 500 and 1000 �M) in 1.5% agar–gel
locks, a linearity test was carried out by using a 2 kV injection
or 30 s. Taurine in the agar–gel block was smoothly introduced
nto the capillary tube in each case as expected and showed
ncreasing peak area counts with increasing concentration of

aurine. The parameters of the linearity was calculated by the
east squares regression method for y = ax + b, where y, x, a and

are peak area counts, concentration of taurine (mM) used in
he agar–gel plate, intercept at y-axis and slope, respectively.
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d
matrix; it was subsequently separated and differentiated from
17 kinds of common amino acids using the present equipment.
Next, both the end of a capillary tube and of a platinum wire
connected to CE apparatus were directly pricked onto the sur-

Fig. 4. Typical electropherograms (A) and (B) obtained from a mixture of 17
amino acids (10 �M each) and a mixture of 17 amino acids (10 �M in each)
plus taurine (10 �M), both mixtures in saline solution, respectively. The arrow
ig. 3. Effect of different 2 kV injection times (10, 30, 60 and 150 s) on the
lectropherograms of 10 �M taurine in a 1.5% agar–gel block. CE conditions
s described in Fig. 2.

s the result of this, a and b were given as 4.5 × 105 and 138,
espectively. The correlation factor (r = 0.997) implied a strong
inear relationship between peak area response and concentra-
ions between 10 and 1000 �M solution of taurine in agar–gel
lates. Reproducibility tests, based on five individual assays of
0 �M solution of taurine in an agar–gel plate showed 2.8% c.v.
he recovery of taurine from the agar–gel block with the volt-
ge injection method (5 kV, 30 s) was tested by comparing both
eak areas obtained from the standard taurine solution and the
gar–gel block at concentration of 10 �M taurine, and resulted
t 96.7%.

.4. Separation of taurine from a 17-component amine
olution

It was first necessary to separate taurine from other kinds of
mines, such as amino acids, before proceeding to taurine anal-
sis in a rat brain, because the throughout in-capillary deriva-
ization CE method employed in this study can only detect
mino compounds, such as amino acids, present in a sample.
n the technique of throughout in-capillary derivatization CE,
he pH of the run buffer is a dominant factor, because the run
uffer serves both as a separation buffer and as a derivatization
uffer. Previously, OPA/NAC and a phosphate–borate buffer at
H 10 were employed as the basic derivatizing reagent and run
uffer, respectively. OPA/NAC reacts with amino groups very

uickly, even at room temperature, and, whereas OPA/NAC-
mine derivatives show strong fluorescence, OPA/NAC itself
oes not. Considering their performance from an examination
f their peaks on a CE electropherogram, a run buffer consist-
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ng of sodium dihydrogenphosphate and sodium tetraborate was
hosen as the most suitable run buffer. Next, certain chemi-
al modifiers, such as cyclodextrin (alpha, beta and gamma),
odium dodesyl sulfate (SDS), and methanol were evaluated
o obtain the optimal separation between taurine and 17 kinds
f amino acids (used as the standard amino acids). An 80 cm
apillary tube (60 cm of effective length) was used for the sep-
ration capillary tube instead of the previous 40 cm capillary,
nd a 2 mM OPA/NAC–40 mM phosphate–borate buffer (pH
0) was used for the run buffer. To obtain the best separation
f taurine from the other amines, a 5 kV/30 s. voltage injection
nd 20 kV CE running voltage were employed. Under optimized
onditions, the presence and absence of taurine at 10 �M level in
10 �M 17-component amino acid saline solution were exam-

ned, and typical electropherograms were obtained, as shown
n Fig. 4A and B, respectively. By comparing both electro-
herograms, the peak corresponding to taurine required 43.0 min
o migrate, and its complete separation from other peaks cor-
esponding to the various amino acids was confirmed in this
tudy.

.5. Detection of taurine in rat brain at site-specific
ocations

As described above, our experiments showed that taurine was
etectable even when immobilized in a matrix such as agar–gel
n panel (B) indicates the peak corresponding to taurine. Conditions: capil-
ary, an 80 cm fused silica capillary tube (75 �m of inner diameter, 60 cm of
ffective length); injection, 5 kV, 30 s; CE run buffer, 2 mM OPA/NAC–40 mM
hosphate–borate buffer (pH 10); CE applied voltage, 20 kV. For other CE con-
itions, please refer to Section 2.
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ace of either the cerebrum or the cerebellum of a rat brain. In
rder to prevent the release of taurine caused by damaging either
rain tissue or blood capillaries during the pricking operation,
xtreme caution was taken to insure that the capillary tube just
arely broke the surface of the brain tissue to a minimal depth.
f the capillary tube is to be inserted deeply into the brain tis-

ue, like a microdialysis probe, use of a tapered capillary tube is
ecommended. Unfortunately, we cannot make such a capillary
ube in our machine shop at this moment.

ig. 5. Typical electropherograms obtained from rat cerebrum extract (A) and
irectly from a site-specific location of the cerebrum (B) with 5 kV injection
or 30 s in both cases. The electropherograms and obtained from rat cerebellum
xtract (C) and directly from a site-specific location of the cerebellum (D) with
kV injection for 30 s in both cases. Other CE conditions as described in Fig. 4.
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Then, with the application of a 5 kV injection voltage for
0 s between the anode in the brain and cathode, taurine began
o move from the brain to the inlet of the capillary tube driven by
oth and electrophoretic force and by EOF. During this period,
lectrokinetic focusing of taurine simultaneously occurred via
dynamic pH-junction mechanism, as was also the case in

he previous experiment which used the agar–gel block. After
ompleting the injection of taurine, the throughout in-capillary
erivatization CE was carried out under the optimized condi-
ion s as described at the previous section. When an injection
ime much longer than 30 s was employed, the peak correspond-
ng to taurine did not appear separated from the other peaks
ven though the peak corresponding taurine increased. Samples
ollected from the methanolic extract of either the cerebrum
r cerebellum were also analyzed by the same procedure. The
esulting electropherograms obtained from the intact brain via
ite-specific detection and from the methanolic extract were
ompared with each other. Fig. 5A and B show the typical elec-
ropherograms obtained from the intact rat cerebrum and the

ethanolic extract of the rat cerebrum, respectively. Fig. 5C
nd D show the typical electropherograms obtained from the
ntact rat cerebellum and methanolic extract of the rat cerebel-
um, respectively. Although each electropherograms obtained
rom the cerebrum (Fig. 5A and B) and the cerebellum (Fig. 5C
nd D) show differences from each other, each electrophero-
ram showed the peak corresponding to taurine identified with
ts migration time, without any other technique, e.g., CE-mass
pectrometer. These results show that the method of through-
ut in-capillary derivatization CE coupled with on-line sample
re-concentration can be used effectively to perform detection
f taurine at site-specific locations of a rat brain.

In this experiment of detecting taurine in a rat brain, the cap-
llary was directly pricked on the surface of the brain without

icroscopic observation. We believe that the present method
etects both intra- and extra-cellular taurine, as does the in
ivo microdialysis method. Even though the sample used in this
xperiment was dead, this demonstration showed that the preset
ethod can also be applied to living samples as well.

. Conclusions

On-line sample pre-concentration prior to on-column deriva-
ization CE has been previously present in other papers [10,11].
n the work presented in those papers, the on-line sample pre-
oncentration technique for CE was applied to the throughout
n-capillary derivatization CE method, and it was shown that
his technique was able to separately detect free amino acids,
ncluding biogenic amines using OPA/NAC as a derivatiza-
ion reagent. The present paper shows that the on-line sample
re-concentration prior to throughout in-capillary derivatization
E method makes it possible to perform detection of biogenic
ompounds (e.g., taurine) in biological organs at a site-specific
ocation by means of the voltage injection method. This new

esult suggests the possibility of detecting analytes in living
rgans in situ, because this method does not require any opera-
ions that would involve isolating an organ from a body for the
urpose of extraction of the target analyte.
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