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Abstract

The subject of the present paper is the simultaneous determination of ethanol (EtOH) and acetaldehyde (AcH) concentrations in the
striatum of freely moving rats using an in vivo microdialysis followed by head-space gas chromatography (GC). Major operation conditions
of GC were as follows: column, injector and detector temperatures 90, 110 an@ 2@&pectively; Supelcowd% wide bore capillary
column (60 m length, 0.53 mm i.d.,.2m film thickness); carrier gas, nitrogen; flow rate, 20 ml/min. The recovery of EtOH and AcH at a
concentration 40 mM and 250M, respectively, by microdialysis showed a maximum of888 12.2 and 512 4+ 6.5%, respectively, at a flow
rate of 0.8wl/min. A good linear calibration curve in the concentration range of 5-50 mM for EtOH .998), and 10-25Q.M for AcH
(r = 0.988) was observed. Microdialysates were collected for 10 min each after insertion of probe into the striatum. Rats were treated with
cyanamide (100 mg/kg, a potent aldehyde dehydrogenase inhibitor) and 60 min later with EtOH (1 g/kg) intraperitoneally. A 10 min sample
was about §ul. This volume was mixed with 4.l of 0.002%t-butanol as an internal standard in 0.6N perchloric acid, and then analyzed by
head-space GC method. The peak EtOH and AcH concentrations in the striatal dialysates reached maximum at 30 min, and then gradually
decreased. This method represents a reasonable tool to quantify in vivo both AcH and EtOH levels simultaneously in rat brain.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction In addition, in alcohol abusing individuals, AcH has been
reported to mediate addiction, aldehydi§8j), craving[4]
Microdialysis is an useful in vivo sampling technique, and to produce derivatives with various neurotransmitters
based on the passive diffusion of compounds down a con-[5,6]. Several observations showed that elevation of AcH and
centration gradient across the semipermeable membrane otatecholamines may occur in Asian flushers suffering from
a dialysis fiber. The samples are relatively clean and pro- uncomfortable symptomgL0,11] after alcohol intake due
tein free because the membrane pores are impermeable tdo the deficient activity of aldehyde dehydrogenase (ALDH)
macromolecules. Minimal tissue damage occurs in the loca- [7-9].
tion where it is insertefll,18] which allows studies in alive, Several animal studies have reported that blood AcH af-
freely moving animals. ter alcohol intake can be detected in the bifain14,22,23]
After alcohol intake, specific physiologic effects attributed The majority of these experiments were based on brain ho-
to the action of acetaldehyde (AcH) occur in the peripheral mogenates. On the other hand, only few authors have so far
and central nervous system. AcH in high doses can inducesinvestigated ethanol (EtOH) levels in animal brain using an
depression, ataxia, sleep, etc. and reduces motor agityity  in vivo microdialysis techniqu§l5,18,19]
The present article describes a microdialysis technique
+ Corresponding author. Tel:81-87-891-2140; to eva!uate simultaneously bqth EtOH and AcH Ievgls ip
fax: +81-87-891-2141. the striatum of awake rats which is based on microdialysis
E-mail address: jamal@kms.ac.jp (M. Jamal). followed by head-space gas chromatography (GC).
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2. Materials and methods 5, 10, 20, 30, 40, and 50 mM EtOH and AcH curves were
prepared at 10, 25, 50, 100, 125, and @80 with 40 ul IS
2.1. Reagents solution. The calibration curves were obtained by plotting

the peak area ratio of EtOH or AcH divided by peak area of
Cyanamide (CY) and perchloric acid (PCA, 60%) were IS against the EtOH or AcH concentrations.

purchased from Wako Pure Chemical Industries (Osaka,
Japan). AcH was purchased from Merck-Schuchardt (Ho- 2.5. Percent recovery of AcH and EtOH by microdialysis
henbrunn, Germany). All reagents used were of the highestprobe
pure grade available. Stock solution of 40 mM EtOH and
250uM AcH were prepared in distilled watdrputanol used To determine the effect of flow rate on the recovery of
as an internal standard (IS) was dissolved in 0.002% normalEtOH and AcH, a probe with a 3.0mm length of dialy-
saline containing 0.6N PCA. All prepared solutions were sis tubing was initially tested in vitro at different perfusion
stored at £C. Ringer’s solution (147 mM NaCl, 4mM KCI,  rates (0.8, 2.0 and 4f)/min). The probe was immersed in

2.25mM CaCJ) was prepared in distilled water. a sealed vial containing known concentrations of EtOH (20
or 40 mM) and AcH (125 or 25AM) and in a thermostated
2.2. Quantitation of AcH and EtOH by head-space GC at 37°C. Ringer’s solution was perfused through the dialy-

sis tube at constant flow rate of 0.8, 2.0 andjd/tin and

A Gas chromatograph equipped with flame ionization de- the dialysates were collected for 10 min each into a vial con-
tector (Perkin-Elmer, Norwalk, CT, USA) combined with taining PCA solution at a ratio of PCA solution to dialysate
head-space auto sampler (Perkin-Elmer, HS-40) was usedb:1. The vials were sealed tightly and processed as described
throughout the study. Head-space conditions including the earlier. The levels of EtOH and AcH in the perfusates were
use of 0.002%-butanol in 0.6N PCA were set according to compared with the concentrations of EtOH and AcH used
previous reporf21]. Chromatographic conditions, in short, in calibration curve.
were as follows: column, injector and detector temperatures
90, 110 and 200C, respectively. The separation columnwas 2.6. Satistical analysis
a SupelcowaX! wide bore capillary column (60 m length,
0.53mm i.d., 2um film thickness, Supelco, Bellefonte, PA, The statistical software StatView (J-4.5, Berkeley, CA,
USA). Nitrogen was used as carrier gas at a flow rate of USA) was used in the present work. All data were expressed
20 ml/min. as meant S.D.

2.3. Sample collection

3. Results and discussion

After surgical operation, a guide cannula (8 mm long;

AG-8, Eicom, Kyoto, Japan) was implanted into the striatum  Microdialysis has been used in many in vivo studies on
of male Wister rats (250-300 g) according to a previous re- neurotransmitter$24]. More recently, we have used this
port[17]. The day after surgery, a concentric dialysis probe technique for the determination of dopamine, serotonin and
(8 mm long, A-I-8-3, Eicom) with an active dialysis mem- salsolinol in the striatum and nucleus accumbens of free
brane (3mm long, 0.20 mm i.d., 0.22 mm o.d., cut-off value moving rats[17]. AcH even in low concentrations has been
50 kDa) was inserted into the striatum and the microdialysis reported to reinforce the effects of alcohol in brgig]. On
experiments begun. Ringer’s solution was pumped through this basis, here we present an in vivo brain microdialyis study
the dialysis tube at a constant flow rate of QI8nin. Rats to quantify EtOH and AcH concentrations simultaneously in
were treated intraperitoneally (i.p.) with CY (100 mg/kg) the striatum of free moving rats. Previous applied methods
and 60 min later with EtOH (20%, 1 g/kg). During sample for extracellular fluid sampling in brain such as push—pull
collection, the glass vials (2.0 ml volume) were kept on ice. cannula[13,25] or prototype microdialysis techniqg6]
The perfusates were collected through a Teflon tube (0.1 mmwhich can induce remarkable tissue damage in the site of
i.d.) into a vial containing 4@l PCA solution, and sealed sampling. This is the first report to our knowledge, using
tightly by parafilm. After sample collection for 10 min each, microdialysis to determine simultaneously both EtOH and
the parafilm was removed and the sample vial immediately AcH concentrations in the striatum of freely moving rats.
put into a 30 ml head-space GC vial, and then sealed tightly Fig. 1 shows a chromatogram (A) of pure sample ob-
by cap. The samples were collected at 15, 30, 60, 90, 120,tained from EtOH 40 mM and AcH 250M, and a chro-
150, 180, and 240 min, for 10 min each after EtOH injection. matogram (B) obtained from dialysate of rat treated with

CY (100 mg/kg)+ EtOH (1 g/kg) i.p. The retention time of
2.4. Calibration curve of AcH and EtOH AcH and EtOH was about 1.63 and 2.53 min, respectively,

in both the pure sample and the microdialysate.

Calibration curves were constructed with six EtOH and  Fig. 2shows the calibration curve of EtOH and AcH con-

AcH solutions. EtOH curves were prepared at concentrationsstructed over concentrations ranging 5-50 mM for EtOH and
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Fig. 1. Gas chromatograms obtained from standard solutions of EtOH
(40mM) and AcH (25QuM) (A), and the microdialysates of rats treated
with CY (100 mg/kg) and 60 min later with EtOH (B). EtOH: ethanol;
AcH: acetaldehyde.

10-250uM for AcH. Good linearity was observed in EtOH
(r = 0.998,y = 3.454x — 1.465) and AcH { = 0.988,
y = 25Qx — 38.73) solutions.

Table 1shows the probe recovery of EtOH at concen-
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Fig. 2. Calibration curve plotted from standard solutions of EtOH and
AcH in a range of concentrations 5-50mM for EtOH and 10-25D

for AcH. EtOH: ethanol; AcH: acetaldehyde; IS: internal standard; PAR:
peak area ratio.

AcH did not change significantly at a same flow rate (0.8,
2.0 and 4.Qul/min). The maximum recovery of 88+ 12.2

and 512 + 6.5%, respectively, for EtOH at a concentration
40mM and AcH at a concentration 2pM was observed

at a flow rate of 0.&l/min, whereas at higher flow rates it
decreased considerably. Probe recoveries of EtOH and AcH
were inversely proportional to the speed of perfusion in the
dialysates. In the present study, therefore, we chose perfu-
sion speed at 0,8l/min to get a maximum probe recovery
of EtOH and AcH in the dialysates.

The present method was applied to the rats administered
with CY (100 mg/kg, ALDH inhibitor) plus EtOH i.pFig. 3
represents the time courses of concentrations of EtOH and
AcH in the striatal dialysates. Each data as showRiin 3
was calculated by correcting for the recovery of EtOH and
AcH. The peak concentration of EtOH and AcH in the stri-
atal dialysates reached maximum of.2% 3.1 mM and
1912+ 34.0 M (mean+ S.D.), respectively, at 30 min af-
ter EtOH dosing, and then decreased gradually. Previously,
we have reported that the peak levels of EtOH and AcH
in blood were about 18 4+ 2.5mM and 687 96.5uM in

trations 20 and 40 mM and AcH at concentrations 125 and rats treated with CY (100 mg/kg) EtOH (1 g/kg)[20]. We

250uM in the perfusates. We found that the recoveries at
concentrations 20 and 40 mM EtOH and 125 and 28D

Table 1

observed that EtOH concentration in the striatum was com-
parable to that in the blood, but AcH concentration in the

Probe recovery of EtOH (20 and 40 mM) and AcH (125 and j250) at different speeds of perfusion (0.8, 2.0 and l/@nin)

Perfusion rate ({l/min) Recovery (%)

AcH (250uM)

AcH (125u.M)

EtOH (40 mM) EtOH (20 mM)

0.8 51.2+ 6.5 49.4+ 4.5 83.8+ 12.2 70.5+ 8.1
2.0 36.5+ 4.4 33.9+ 3.6 44.1+ 2.3 45.8+ 35
4.0 19.8+ 1.7 222+ 2.4 321+ 2.3 33.6+ 3.3

All data (meant S.D., n = 5) were obtained from dialysates. EtOH: ethanol; AcH: acetaldehyde.
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