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Semi—differential voltammetry with carbon fiber electrodes for in vivo
determination of monoamine metabolites and ascorbic acid in rat corpus

striatum"
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ABSTRACT  Carbon fiberelectrodes combined with
semi—differential voliammetry were used to determine
endogenous monoamine metabolites and ascorbic and
{AA). These electrodes treated by a new electro—
chemical progedure {30 A for 30 s. then —2 V for 10
s) showed a significant improvement on the sensitivity
and selectivity. In the rat corpus siratum. these clec-
trodes allowed a distinct separation and continuous
detection of AA, 3. 4—dihydroxyphenylacetic acid
{DOPAC), -and S—hydroxymdoleacetic  acid {5—
HIAA) simultaneously. The normal striatal levels of
AA, DOPAC, and 5—HIAA were found to be 168.2
£19.5. 214% 39, and 33405 ymo! - L' Our
method is eredible for detecting the changes of
monoamine = melabolite  c¢ontenis  induced by
pharmacologic manipulations.

KEY WORDS reserpine;  halopenidol;  electro—
chemistry! corpus siriatum: ascorbie acid: 34—
dihydroxyphenylacetic acid: hydroxyindoleacetic acid

In vivo voltammetry for direct and con-
tinuous measurement of monoamines and
their metabolites in the central nervous system
is an exciling research area . It is now real-
ized that the voltammetric signals recorded
from brain probably reflect the oxidation of
several substances at a given potential. The
high levels of ascorbic acid and uric acid {(UA)
in brain would interfere with the measurement
of monoamines and their metabolites'” ™.
Gonon’s group first reported that pretreated
carbon fiber electrodes combined with dif—
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ferential pulse voltammetry successfully sepa-
rated AA and catechols. their pretreatment
mainly consisted of triangular—wave—form po-
tential (0 to +3 V¥, 70 Hz for 30s. —0.8 ¥V for
5s. then +1.5 ¥ for 5 &) “"'. However. we
fuiled to obtain clear separation of AA and
catechols when carbon fiber electrodes com-
bined with semi—differential voltammetry, al-
though cur electrodes were treated according
to above same procedure, these facts sug-
gested that the optimal treatment conditions
be rather critical for different voltammetric
techniques. Here we explored a new
electrochemistry procedure to treat carbon fi-
ber electrodes for the purpose of distinguishing
AA from catechols and indoleamines by
semi—differential voltammetry instead of pulse
differential voltammetry. Specific details for
¢lectrode preparation and treaiment and
voltammetric technology were presented. The
effects of reserpine and haloperidol on the
striatal levels of AA, DOPAC. and 5-HIAA
were observed.

MATERIALS AND METHODS

Materials Dopamine (DA), DOPAC,
S—hydroxyvtryptamine (5—-HT), 5S—HIAA,
and AA were purchased from Sigma and dis-
solved n HCLQ, 1 mol- L™ solution prior
to use,
phate buiter solution ({PBS). Reserpine and
haloperidol  were obtained from  the
Pharmaceutical Factory of Shanghai Medical
University and the Shanghai Haipu
Pharmaceutical Factory, respectively.

The supporting electrolyte was phos-
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Flectrode preparation The working elec-
trodes were prepared with catbon fiber (8 ym
o d. Serofim Genevilliers. France). graphite
powder (1 pm particles, Ultra Carbon,
Shanghai Graphite Factory). glass tube (1
mm i d. GG-17), and 502 resin {Zhejiang
Jiao Jiang Chemical Factory). A glass tube
was drawn using the pipet puiler (DK1 700C)
to obtain a tip diameter of 1.5 yum. A carbon
fiber (S0 mm in length) was threaded into the
capillary (40 mm in length) unnl 1t was
blocked by the tip. The capillary was cut at
the level where the fiber was blocked. A suit-
able length of carbon fiber was exposed. then
the mixture of the graphite powder and tesin
was inverted to the capillary. Electric contact
was made by pushing a copper wite down the
neck of the capillary. Prior to preircatment
the exposed fiber was cut to a length of 1 mm
under a microscope. The teference electrode
was constituted by a micto Ag./ AgCl elec-
trode. A platinum wire in vitre or stainless
steel screw im vive was used as the auxiliary
electrode.

Electrochemical treatment  Carbon fiber
electrodes were immersed in PBS solution and
the electrochemical treatment was performed
by using JH2C-Semiconduct Constant Poten-
tial Instrument. The first treatment was ap-
plied constant current 30 pA to working elec-
trode for 30 s. Then, the second was applied
reverse constant potential -2 V for 10 s,

In vivo voltammetric technique Sprague—
Dawley rats {250+ s 25 g) were anesthetized
with chloral hydrate (400 mg - kg ') and fixed
in a David Kopf Stereotaxic Instrument.
Holes were drilled through the skull and the
dura mater. The working electrode was im-
planted in the corpus striatum (AP 1.8, L
2.5, DV-51 mm)}. Reference and auxiliary
electrodes were placed in burr holes to muke
contact with the brain surface. The 3 elec
trodes were connected to a CV-37
Voltammograph(BAS). the ouiput of which

was displayed on an X-Y recorder. The
parameters used in vivo were as follows: linear
potenial sweep from —200 mV to +600 mV and
scan rate 60 mV - s, Before implantation,
all carbon fiber electrodes were calibrated in
the mixed solutions contained AA 100
umol - 17", DOPAC 20 uymol- L7'. and
5-HIAA 5 umol- L' to mimic brain
extracellular conditions. Drugs or saline was
injected when the peak height was stable dur-
ing the 60 min period of the control. The re-
sults were expressed as the real extracellular
concentration of AA. DOPAC. and
5—~HIAA. Electrode placement was verified
histologically at the end of the experiment.

RESULTS

fn vitro  In the voltammograms ob-
tained from the mixed solution of AA (100
pmol - L), DOPAC(10 ymol- L7y, and
5—-HIAA (2.5 ymol- L™, 3 well-defined
peaks exhibited at the polentials of 20. 180,
and 350 mV, respectively {Fig la). A loss of
sensitivity of electrodes (10—30%) appeared af-
ter the in vivo experiment {Fig 1b). The
amplitude of this loss depended on the quality
of the surgery and the duration of f# vivo de-
tecting. The calibration curves of AA,
DOPAC, and 5~HIAA in vitro were shown in
Fig 2. Al data were the mean of the peak
heights measured from 10 electrodes. In order
to mimic the i# vive situation, the starting
PBS solution for AA calibration curve
contained DOPAC 20 ymol - L' + 5—HIAA
5 pmol- L' and similarly. AA 200
pmol - L™' + 5-HIAA 5 umol - L7 for
DOPAC calibration curve. and AA 200
pmol - L™' + DOPAC 20 umol - L' for
5—~HIAA calibration curve.

fa vive  1nthe voltammograms obtained
Jtom the corpus striatum of anesthetized
rats, the 3 stable well—defined peaks were re-
corded, which lasted 68 h (Fig Ic). These
peak positions were consistent with those we
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Fig 1. Voltammograms recorded in vitro from phos-
phate buffer solution (PBS) containing AA 100
gl - L'L DOPAC 10 gmol - L', and S-HIAA 25
yanol- 1" before (a) and after (b) i vive implantation
and ir vire from the rat corpus striatum (&),
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Fig 2. Calibration curves of AA. DOPAC, and
5—HUAA ir vitro.

obtained i vitro. Although DA and DOPAC
oxidized at 180 mV and 5~HT. 5-HIAA.
and UA oxidized at 350 mV. the extracellular
levels of DA (10 nmol- L'y and 5-HT (5
nmol - L") in the rat corpus striatum were be-
low detection limits. The contribution of UA
to peak 3 was negligible on carbon fiber elec-
trodes. The striatal concentrations of AA.
DOPAC. and 5-HIAA in the extracellular
space were found to be 168.0+ 19.0, 214+ 39,
and 3.3+ 0.5 umol- L7'. respectively.

Reserpine (5 mg * kg™, ip) induced marked
increases of DOPAC (214.7%,) and 5—HIAA
(103.5%). While haloperidol (1 mg - kg™'.

ip) only caused an increase of DOPAC level
(62.1%). S—HIAA remained unchanged (Fig
3). Both drugs produced no effects on the AA
level.
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Fig 3. FEffecis of reserpine (@, 5mg- kg') and
haloperidol | ~ . 1 mg- kg''} on striatal level of
DOPAC and S~HIAA. #=6. x * 5. ~P>0.05
TP<005. "TTP<0.0Lwscontrol {111 .

DISCUSSION

Here we first reported that carbon tiber
electrodes combined with semi—differential
voltammetry instead of differennal pulse
voltammetry were used as chemical sensars of
monoamine metabolites. In order to meet the
requirements of semi—differential voltam—
metric detection. we explored a novel
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elecirochemical procedure (30 pA for 30 s.
and —2 V¥ for 10 s} to treat carbon fiber elec-
trodes, which was more simple and
convennient than that reported by Gonon.

Our treated electrodes offered a selectively
measure of DOPAC in the presence of AA.

Furthermore. the superionty of our method
allowed a distinet separation and continuous
detection of DOPAC and 5—HIAA in vive
simultaneously’®”. However. carbon fiber
electrodes treated by applving a triangular—
wave—form potential could not detect
5-HIAA. although these electrodes could
separate AA from catechols’™. In addition.
carbon paste electrodes treated by either
nafion or sterate only eliminated the interfer.
ence of AA to catechols rather than deteciing
AA 115elf®10. A substantial improvement of
the methodology provided an effective analyti-
cal approach for selective measuring
monoamine metabolites and explorating the
roles of AA in brain functions.

It was known that reserpine rapidly de-
pletes the DA and 5—HT in the corpus
striatum which oxidized by MAO to form
DOPAC and 5—HIAA and therefore a marked
increase in  the height of DOPAC and

Haloperidol could block  dopaminergic
receptor aad enhance the DA turnover in the
rat corpus siriatum and an increase of
DOPAC level was also exhibited. The results
demonstrate that the changes of monoamine
metabolite contents induced by pharma—
cological manipulations could be monitored in
vivo by this technique.
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