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Abstract
The insertion of microdialysis probes into the rat striatum disrupts dopaminergic activity near the
probe track. The present study suggests that a substantial fraction of DA terminals near the probe
track (200 μm) survive the probe implantation itself but that the surviving terminals experience
altered presynaptic inhibition. We found that probe implantation did not just alter the amplitude of
evoked dopamine responses recorded by voltammetry, but also changed their temporal profile in a
fashion similar to that previously observed by quinpirole, an agonist of dopamine D2
autoreceptors. Altered presynaptic inhibition is supported by a hypersensitivity of evoked
dopamine responses recorded near to microdialysis probes to raclopride, a D2 antagonist. Further,
we found that evoked dopamine release was also hypersensitive to a final dose of the dopamine
transporter inhibitor, nomifensine.
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INTRODUCTION
The benefits of microdialysis as a method for in vivo neurochemistry are well established.
Microdialysis is compatible with a variety of animal models as well as human patients.
Sterilized and MRI-compatible probes are available commercially: in a non-clinical setting,
probes are easy to make in the laboratory. The dialysate samples are “clean”, so they are
compatible with a wide array of analytical techniques, such as chromatography,
electrophoresis, mass spectrometry, etc., which has enabled the detection of a vast array of
potentially interesting substances in brain dialysates (reviewed by Davies et al., 2000; Zhang
and Beyer, 2006; Kennedy, 2007). On-line analysis can produce near real-time results,
sometimes with high temporal resolution (e.g. Tucci et al., 1997; Bert et al., 2002).
Consequently, microdialysis has made significant contributions to the study of behavior,
CNS pathologies, drug discovery, and clinical care (Westerink and Cremers, 2007).
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Nevertheless, microdialysis is invasive and the probes cause a penetration injury to brain
tissue (Benveniste and Deimer 1987; O'Neill et al., 1991; Clapp-Lilly et al., 1999; Zhou et
al., 2001; Bungay et al., 2003; Mitala et al., 2008; Jaquins-Gerstl and Michael, 2009;
Jaquins-Gerstl et al., 2011). How the penetration injury affects the outcome of microdialysis
experiments remains an open question (Bungay et al., 2003). One reason for this is the
limited access to independent measures of the in vivo concentrations of substances of
interest, which makes it difficult to validate in vivo results.

In some instances, sensors have been placed in brain tissue next to microdialysis probes for
validation purposes (Blaha 1996; Lowry et al., 1998). In the case of dopamine (DA), fast-
scan cyclic voltammetry is available as an alternative method for in vivo measurements.
Voltammetry is also invasive, as it requires inserting an electrode into brain tissue. But,
carbon fiber voltammetric electrodes are tiny in comparison to microdialysis probes. This
enables “voltammetry next to a microdialysis probe” as an experimental approach to
investigating if and how penetration injury affects in vivo voltammetric DA measurements
(Lu et al., 1998; Borland et al., 2005; Yang and Michael, 2007; Mitala et al., 2008).

Direct comparisons of “DA as measured by voltammetry” and “DA as measured by
microdialysis” are fraught with difficulties because the two methods operate in such a
different manner. A more straightforward approach, and the one pursued here, is to compare
identical voltammetric experiments in the presence and absence of a nearby microdialysis
probe. Such experiments report on the DA activity in the tissue surrounding the probe track.

Previous “voltammetry next to a microdialysis probe” studies (Lu et al., 1998; Borland et
al., 2005; Yang and Michael, 2007; Mitala et al., 2008) have found substantial probe-
induced disruption of DA activity: the next questions is, what can be done to prevent this?
Recently, we reported that retrodialysis of dexamethasone, a potent anti-inflammatory drug,
profoundly decreases gliosis at the probe track (Jaquins-Gerstl et al., 2011). Unfortunately,
dexamethasone only modestly affected DA no-net-flux curves measured 1 and 5 days after
the probes were implanted. This result indicates that dexamethasone, while highly anti-
inflammatory, only partially protected DA terminals.

The modest neuroprotective effect of dexamethasone might be a sign of severe loss of DA
terminals near the probe track, possibly so severe as to overwhelm potential neuroprotective
strategies. So, the objective of the present study was to investigate whether DA terminals
near the probe track survive the penetration injury per se. We placed carbon fiber electrodes
200 μm from microdialysis probes and recorded evoked DA responses 2 hr after probe
implantation. The probes decreased the maximum amplitude of evoked DA responses by ca
80%. However, after blockade of DA autoinhibition (with raclopride) and DA reuptake
(with nomifensine), the decrease in maximum amplitude was only 50%, which suggests that
a change in the presynaptic regulation of DA terminals contributes to the probe-induced loss
of response amplitude. Based on the response amplitude, it appears that at least 50% of the
DA terminals (200 μm from the probe, 2 hrs after implantation) survive probe implantation,
which is useful information.

MATERIALS AND METHODS
Voltammetric electrodes and techniques

A borosilicate glass capillary (0.75 mm I.D., 1 mm O.D., Sutter Instruments, Co., Novato,
CA) containing a single carbon fiber (7 μm diameter, Thornell Carbon Fiber, T300 3K,
Amoco Performance Products, Inc., Greenville, SC) was pulled to a fine tip with a vertical
puller (Narishige, Tokyo, Japan). The tip was sealed with epoxy (Spurr, Polysciences, Inc.,
Warrington, PA) and the exposed fiber was cut to a length of 400 μm. The fiber was
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connected to a wire with a small drop of mercury. The microelectrodes were pretreated
(Feng et al., 1987) in room temperature, N2-purged artificial cerebrospinal fluid (aCSF: 145
mM Na+, 1.2 mM Ca2+, 2.7 mM K+, 1.0 mM Mg2+, 152 mM Cl- and 2.0 mM phosphate, pH
7.4) with a triangular potential waveform (0-2 V vs. Ag/AgCl at 200V/s for 1 s).

Fast scan cyclic voltammetry (FSCV) (Baur et al., 1988) was performed with an EI400
potentiostat (Ensman Instrumentation, Bloomington, IN) and software developed in-house.
The rest potential was 0 V vs. Ag/AgCl: the FSCV waveform was a linear sweep to 1 V,
then to –0.5 V, and back to 0 V vs. Ag/AgCl at 300 V/s. Scans were performed at 7.5 Hz to
maintain synchrony with the stimulus waveform (45 Hz, see below). Dopamine oxidation
current was monitored between 0.5 and 0.7 V on the first sweep and converted to DA
concentration by calibration after the in vivo experiments (post-calibration).

Microdialysis probes
Concentric-style microdialysis probes with an outer diameter of 220 μm and an active
length of 4 mm were constructed with hollow fiber membrane (6000 Da MWCO, Specta/Por
RC, Spectrum, Rancho Dominguez). The inlet tubing was PE-20 (0.38 mm I.D., 1.09 mm
O.D., ~ 40 cm long, Becton Dickinson, Franklin Lakes, NJ) and the outlet tubing was fused
silica (70 μm I.D., 145 μm O.D. and ~ 20 cm long, Polymicro Technologies, Phoenix). The
inlet tubing was connected to a 250 μL gas-tight syringe (Hamilton) filled with aCSF driven
by a microliter syringe pump (Harvard, Holliston, MA) at a perfusion rate of 0.586 μL/min.
This particular perfusion rate, which corresponds to one of the gear stops on our syringe
pump, is that used in several prior studies from our lab (Lu et al., 1998; Borland et al., 2005;
Yang and Michael 2007) and the Justice lab (Bungay et al 2003). This perfusion rate, which
is relatively slow, is expected to minimize disturbance of the tissue via the extraction of
substances from the tissue by the probe. Although the probe was perfused continuously
throughout these experiments, microdialysate samples were not collected or analyzed
because we have previously demonstrated that electrically evoked DA release, as studied
here, minimally affects the dialysate DA concentration (Qian et al, 1999).

Animals and surgical procedures
All procedures involving animals were carried out with the approval of the Institutional
Animal Care and Use Committee of the University of Pittsburgh. Male Sprague-Dawley rats
(Hilltop, Scottdale, PA) (250-375 g) were anesthetized with chloral hydrate (400 mg/kg i.p.)
and were kept unconscious with additional doses of chloral hydrate (~50 mg/kg i.p.). While
anesthetized, rats were wrapped in a homoeothermic blanket (EKEG Electronics,
Vancouver, BC) with their body temperature monitored and maintained at 37°C. The rats
were placed in a stereotaxic frame (David Kopf, Tujunga, CA) with the incisor bar 5 mm
above the interaural line (Pellegrino et al., 1979). The scalp was shaved and cleaned before a
midline incision exposed the skull. Holes were drilled through the skull and the dura was
dissected to allow for placements of devices with minimal disruption to any surrounding
blood vessels.

Fig 1 provides a schematic to show how the devices involved in these experiments were
arranged in the rat brain. Electrical contact between the brain tissue and a reference
electrode (Ag/AgCl) was established by means of a salt bridge fashioned from a plastic pipet
tip plugged with tissue paper and filled with aCSF. A bipolar stimulating electrode (MS303/
a; Plastics One, Roanoke, VA, USA) was lowered toward the medial forebrain bundle
(MFB, 2.2 mm posterior from bregma, 1.6 mm lateral from midline and 7.5 mm below dura)
and a voltammetric electrode was lowered into the ipsilateral striatum (2.5 mm anterior from
bregma, 2.5 mm lateral from midline, 4.5 mm below dura). The microelectrode was angled
10° from the coronal plane. The stimulating electrode was lowered in small increments until
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the stimulus waveform (optically isolated, biphasic, constant-current square wave with a
pulse duration of 2 ms, pulse height of 280 μA, and frequency of 45 Hz) evoked a DA
response in the striatum. Once a stable and robust evoked response of at least 30 nA was
established, neither the stimulating nor the recording electrodes were moved for the
remainder of the experiment.

In experiments involving voltammetry near a microdialysis probe, the electrode and probe
were pre-aligned on the stereotax before either was lowered into the striatum to establish a
200-μm gap between them. The probe and the electrode were in the same sagittal plane,
with the electrode posterior with respect to the probe. The probes were lowered slowly,
taking approximately 30 min for the probe tip to reach a depth of 7 mm below dura.

Experimental design
All electrical stimuli were delivered to the MFB with a frequency of 45 Hz and duration of
10 s (other parameters as listed above). Two groups of rats (n=4 each) were assigned
randomly to experiments with and without a microdialysis probe. In experiments without a
microdialysis probe, an initial pre-drug evoked response was recorded, raclopride (2 mg/kg,
i.p.) was administered 5 min later, and a post-raclopride was response was recorded 15 min
after that. Nomifensine (20 mg/kg, i.p.) was administered 40 min after raclopride and a final,
post-nomifensine response was recorded 15 min later. Please note, for clarity the final
response will be called the post-nomifensine response, but the animal received raclopride
prior to nomifensine. In experiments with a microdialysis probe, an initial pre-probe
response was recorded. Then, the microdialysis probe was inserted and, after a 2 hr post-
implantation wait period, experiments were performed in identical fashion to those just
described without a microdialysis probe.

Statistics
Two-way repeated measures ANOVA was performed on the evoked DA responses in Figure
4. Three-way repeated measures ANOVA was performed on the normalized evoked DA
responses in Figure 5.

Drugs and solutions
Chloral hydrate, raclopride tartrate, and nomifensine were used as received from Sigma (St.
Louis, MO, USA). Chloral hydrate was dissolved to 0.2 g/mL in phosphate buffered saline
(PBS: 155 mM NaCl, 100 mM phosphate, pH 7.4). Raclopride and nomifensine were
dissolved in 1 mL of PBS. All drugs were administered by intraperitoneal injections (i.p.).
All solutions were prepared with ultrapure water (NANOPure; Barnstead, Dubuque, IA,
USA).

RESULTS
Voltammetry in the striatum: no microdialysis probe

In this study, the placement of the electrodes was not optimized, as is often done to locate
‘hot spots’ of evoked DA release (Kawagoe et al., 1992; Robinson et al., 2003; Venton et
al., 2003). Without optimization, evoked responses usually exhibit the slow-type
characteristics evident in Fig 2 (diamonds) and discussed in detail by Moquin and Michael
(2009), Wang et al (2010), and Moquin and Michael (2011). The response begins slowly but
becomes faster (i.e. exhibits short-term facilitation) as the stimulus continues. After the
stimulus ends the DA signal returns towards the baseline with no noticeable delay. The
initial segment of the descending phase of the response is approximately linear, a sign of
zeroth-order clearance associated with saturation of the DAT (Moquin and Michael, 2011).
The prolonged delay in the onset of evoked DA release when the stimulus starts is due to
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autoinhibition of DA terminals at the recording site (Moquin and Michael, 2009; Wang et
al., 2010). Consistent with our recent reports (Moquin and Michael, 2009; Wang et al.,
2010), administration of raclopride, a D2R antagonist, abolishes both the initial delay in
evoked release and the short-term facilitation (Fig 2, triangles). The final dose of
nomifensine had a relatively minor further impact on the evoked response (Fig 2, squares).

Voltammetry near a microdialysis probe in the striatum
In the second group of rats, the pre-probe response was again slow-type (Fig 3, diamonds).
After the pre-probe stimulus, the probe was lowered to a location 200 μm from the
electrode: however, the precise spacing was not confirmed by histology because the
microelectrodes tracks are too small to visualize by light microscopy (Peters et al., 2004).
The next stimulus response, recorded 2 hrs after implanting the probe (post-probe), was
substantially reduced in amplitude (Fig 3, circles). The post-probe response also had a
different temporal profile: there was more delay in the onset of DA release after the stimulus
began. This is very similar to the effect of quinpirole, a D2R agonist (Moquin and Michael,
2009; Wang et al., 2010), and raises the possibility that some of the impact of probe
implantation on the evoked response is associated with an increased autoinhibitory tone on
DA terminals after probe implantation. Consistent with this idea, both the effect of
raclopride (Fig 3, triangles) and the final dose of nomifensine (Fig 3, squares) were
substantially increased in presence of the probe (statistics are discussed in the following
sections).

Absolute effects of drugs on evoked DA responses
Fig 4 compares the evoked responses recorded with (open symbols) and without (solid
symbols) the probe under the three conditions studied here: pre-drug (Fig 4a), post-
raclopride (Fig 4b), and post-nomifensine (Fig 4c, recall that nomifensine was administered
after raclopride). The initial evoked responses in each group (pre-drug and pre-probe) are
compared in the inset in Fig 4a. Each data set in Fig 4 was subjected to 2-way ANOVA with
repeated measures: the two factors were group (probe, no-probe) and time (the repeated
measure). There is no significant difference between the initial responses (Fig 4a inset,
F(1,6)=0.305, p=0.6). Here, the group factor is of primary interest: in each other case, the
group factor was significant (Fig 4a F(1,6)=119.016, p<0.00004; Fig 4b F(1,6)=18.542,
p=0.005; Fig 4c F(1,6)=6.592, p<0.05). Thus, the nearby probe significantly affected the
responses under all three conditions examined here.

Proportional effects of drugs evoked DA responses
In vivo results are often reported after being normalized with respect to the control, or
baseline, condition. Fig 5 shows the results of Figs 2 and 3 after normalizing the responses
with respect to the maximum amplitude of the pre-drug response in each group. In this
normalized format, the probe substantially increased the effects of raclopride and
nomifensine (after raclopride) on the evoked responses. The data in Fig 5 were subjected to
a 3-way ANOVA with repeated measures: the factors were the group (probe, no probe), the
drug treatment (pre-drug, after raclopride, and after nomifensine), and time (the repeated
measure). The group effect is of prime interest here (F(1,18)=4.657, p<0.05). Thus, the
probe caused a significant hypersensitivity to these pharmacological manipulations.

DISCUSSION
The implantation of microdialysis probes into brain tissue causes injury and triggers a tissue
response (Benveniste and Diemer 1987; O'Neill et al., 1991; Clapp-Lilly et al., 1999; Zhou
et al., 2001; Mitala et al., 2008; Jaquins-Gerstl and Michael, 2009). This issue is not unique
to microdialysis probes, as the subject of the tissue response to brain implants has become a
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central issue in the brain machine interface field (Szarowski et al., 2003; Winslow and
Tresco, 2010). A tissue response is also an issue in subcutaneous microdialysis (Mou et al.,
2011), although subcutaneous immune processes are very different from those in brain. So,
it is important to understand if and how the tissue response affects the function and
properties of neurochemical systems. In the case of DA, voltammetry offers an alternative
for in vivo measurements, which provides a useful approach to investigating this issue. A
concern also exists over the penetration injury caused by microelectrodes, but published
evidence suggests that microelectrodes are substantially less injurious than larger devices,
such as microdialysis probes and neuroprosthetic devices (Peters et al., 2004; Jaquins-Gerstl
and Michael, 2009). For example, in a recent immunocytochemical study we were unable to
visualize astrocytic activation by voltammetric electrodes, whereas astrocytes were clearly
activated by microdialysis probes (Jaquins-Gerstl and Michael, 2009). This contrast justifies
the experimental approach of ‘voltammetry near a microdialysis probe’, since any injury
associated with the microelectrode does not appear to add substantially to that associated
with the probe.

Prior studies with voltammetry near a microdialysis probe show that the probes significantly
alter electrically evoked DA responses (Lu et al., 1998; Borland et al., 2005; Yang and
Michael, 2007). The general interpretation of this is that implanting the probe has a
traumatic effect on DA release in the tissue layer surrounding the probe. This has a major
effect on the microdialysis recovery of DA, apparently because DA uptake is less affected
by the trauma than DA release (Bungay et al., 2003; Borland et al., 2005). Consequently,
DA appears likely to be taken up from the extracellular space before reaching the
microdialysis probe. Exactly how trauma separately alters DA release and uptake is not
exactly known. DA terminals are the only known element within the striatum to have the
capacity to synthesize DA and store it in synaptic vesicles. DA terminals are also the only
element that expresses the DAT. So, at first glance trauma might be expected to similarly
affect release and clearance. But, studies show that the serotonin transporter (Schmidt and
Lovenberg, 1985) and the organic cation transporter (Eisenhofer, 2001) can also remove DA
from the extracellular space. So, the possibility exists that DA release and clearance involve
different cellular components. Because the interplay between release and uptake are unique
to different substances, the impact of trauma on microdialysis recovery appears to be
substance-specific. In the case of glucose (Lowry et al., 1998), for example, microdialysis
and implanted sensors report similar glucose concentrations.

In the present study, implanting a microdialysis probe approximately 200 μm from the
voltammetric electrode (Fig 1) significantly reduced the amplitude of a stimulus response
recorded 2 hrs later (Fig 3). However, the probe also altered the temporal profile of the
response, specifically by increasing the delay in the onset of evoked release at the beginning
of the stimulus. This effect is very similar to that caused by quinpirole (Moquin and
Michael, 2009; Wang et al., 2010), which raises the possibility that some of the loss in
amplitude could be due to an alteration in presynaptic regulation of the DA terminals, in this
case by an increase in autoinhibition. An alternative explanation for the delayed onset of the
response could be diffusion across a gap between the electrode and nearby DA terminals.
But, as we have pointed out before, such a diffusion gap is expected to also delay DA
clearance (Moquin and Michael, 2009), assuming that DA molecules must diffuse away
from the electrode in order to reach the DATs responsible for reuptake. However, there is no
obvious delay in DA clearance in the post-probe response (Fig 3), which suggests that
DATs, and thereby surviving DA terminals, are present in the vicinity of the electrode.

The pharmacological manipulations reported herein were undertaken to investigate the
possibility that some of the probe-induced loss in evoked response amplitude might be due
to altered presynaptic regulation, i.e. not simply a loss of DA terminals. Fig 4 shows clearly
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that after each drug evoked DA responses recorded near a microdialysis probe are reduced
in amplitude compared to those recorded without a probe. These absolute comparisons are
justified on the grounds of the absence of any statistical difference between the initial
responses in the two groups of animals (Fig 4a), consistent with our prior experience that the
slow evoked responses are highly reproducible between subjects (Moquin and Michael,
2009; Wang et al., 2010). Even though the responses recorded near the probe (Fig 4 open
symbols) are of lower amplitude than those recorded without a probe (Fig 4 closed
symbols), it is also the case that both drug treatments (first raclopride and then nomifensine)
decreased the difference between the responses. In the pre-drug condition, the probe
decreased the maximum amplitude of the response by 80% (Fig 4a) but the decrease was
reduced to 50% after the final dose of nomifensine (Fig 4c).

The study of Bungay et al. (2003) provides some precedent for this finding of a partial DA
lesion associated with microdialysis probes. Their analysis of DA uptake near probes found
only a partial loss, of similar magnitude to that we report here.

This is an encouraging result because it suggests that at least part of the probe-induced loss
in amplitude of the evoked responses is not due to an outright loss of terminals, but rather
that the activity of the surviving terminals is altered. Autoinhibition and uptake are well
known to limit the amplitude of evoked responses, especially in the case of slow domains.
So, these were the presynaptic mechanisms selected for study here.

At first glance, the decrease in reduction from 80% (pre-drug) to 50% (post-nomifensine)
might not seem all that impressive. However, there is another way to view this effect. As
mentioned in the Introduction, direct comparisons of ‘DA as measured by microdialysis’
with ‘DA as measured by voltammetry’ are difficult because the two procedures are so
different. Nevertheless, ‘back of the envelope’ comparisons are reasonable. The commonly
reported basal DA concentration in striatal dialysate is 5 nM (e.g. Westerink and De Vries,
1988; Smith and Justice, 1994). Although the results are somewhat controversial, our
voltammetry-based estimate of the basal level is ~1 μM (Kulagina et al., 2001; Borland and
Michael, 2004; Mitala et al., 2008). Thus, there is a 200-fold difference between these
measures of basal DA. In contrast, however, there is only a 2-fold difference in the DA
measures obtained by voltammetric recording 200 μm from the probe, 2 hrs after probe
insertion, after the combined blockade of autoinhibition and reuptake. This amounts to a
100-fold reduction in the disparity between these two comparisons of measured DA, which
is quite interesting.

Our overall interpretation of these comparisons is that the DA terminal lesion caused by the
probe penetration injury is sensitive to both time and position relative to the probe. Previous
studies, for example, showed a complete loss of the evoked responses if the voltammetric
electrode was placed on the probe's outer surface or if the wait time after implantation was
extended to 16 hrs (Yang and Michael, 2007). This evidence of a progression of the DA
lesion after the implant is consistent with the increased astrogliosis of the probe track at 24
hrs vs. 4 hrs after implantation (Jaquins-Gerstl and Michael, 2009). But, near the probe track
(200 μm), shortly after implantation (2 hrs), a substantial (50%) complement of DAergic
activity is present. This justifies a continued search for neuroprotective strategies to offset
the progression of the probe-induced DA lesion.

The findings of this study provide additional insight into the matter of how the penetration
injury affects the outcome of microdialysis measurements. A question that arises from the
suggestion that penetration injury disrupts DA terminals next to the probe is why, in that
case, is the dialysate DA concentration responsive to so many pharmacological
manipulations (e.g. Hurd and Ungerstedt, 1989; Butcher et al., 1991; Vidal et al., 2005)?
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Our results show that the probe causes a hypersensitivity to the drugs studied here. This
hypersensitivity is especially obvious when the results are normalized with respect to the
maximum amplitude of the pre-drug response (Fig 5). In this normalized format, the impact
of the drugs on DA as measured by voltammetry is barely perceptible. The impact of the
probe on the pharmacological sensitivity of DA in the vicinity of the probe track is not
widely recognized. We previously demonstrated this phenomenon in experiments involving
only nomifensine (Borland et al., 2005) and the present study demonstrates it for the case of
raclopride and nomifensine-after-raclopride.

CONCLUSION
This study lends additional evidence in support of the idea that implantation of a
microdialysis probe into the rat striatum triggers a tissue response that, among other things,
alters DAergic function at the probe's implantation site. A typical evoked response measured
by voltammetry during a 10-s, 45-Hz stimulus decreases in amplitude upon probe
implantation at a site 200 μm away. The extent of this signal loss is surprising, however, in
light of an ultrastructural analysis (Clapp-Lilly et al., 1999) that found only a partial loss of
neuronal terminals at similar distances from the probe. The new insight provided here is that
the probe-induced disruption is partially caused by terminal loss and partially caused by an
altered regulation of the surviving terminals. The identification of surviving terminals so
close to the probe raises the hope of possibly being able to develop neuroprotective
strategies against the progressive injury that seems to follow the implantation, despite our
recent experience with dexamethasone (Jaquins-Gerstl et al., 2011).
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Highlights

• Voltammetry near microdialysis probes quantifies the impact of probe
implantation on striatal dopamine activity

• Probe implantation causes a 90% loss of evoked DA at microelectrodes near the
probe

• DA near the probe is hypersensitive to raclopride and nomifensine

• The loss of DA function near the probe is due to terminal loss and suppression
of surviving terminals

Wang and Michael Page 11

J Neurosci Methods. Author manuscript; available in PMC 2013 June 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
A sagittal section of the rat brain showing schematically the approximate positions of the
stimulating electrode, the carbon fiber microelectrode, the Ag/AgCl reference electrode, and
the microdialysis probe (sagittal slice from Paxinos and Watson (2005) rotated showing
tooth bar was 5 mm above the interaural line as described in Methods).
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Figure 2.
Voltammetric recordings of evoked DA release in the rat striatum in the absence of
microdialysis probes. Each trace is the mean ± SEM (n=4) of the individual responses
recorded pre-drug (diamonds), after raclopride (triangles), and after nomifensine (squares).
The horizontal bar shows the timing of the 10-s stimulus. Note the delay in the onset of the
pre-drug response: this delay is a hallmark of the slow responses in the striatum (see text).
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Figure 3.
The impact of a nearby microdialysis probe on evoked DA responses in the rat striatum.
These traces are the mean ± SEM, (n=4) of responses recorded before (diamonds) and after
probe implantation (circles). After probe implantation, additional responses were recorded
after the administration of raclopride (triangles) and nomifensine (squares).

Wang and Michael Page 14

J Neurosci Methods. Author manuscript; available in PMC 2013 June 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Comparison of absolute evoked DA responses recorded in the rat striatum in the absence
(solid symbols) and presence (open symbols) of microdialysis probes a) before drug
administration, b) after raclopride, and c) after a final dose of nomifensine. The inset in
panel a compares the initial pre-drug/pre-probe responses from the two groups, which are
not statistically different. *, p<0.00004; #, p=0.005; $, p<0.05.
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Figure 5.
Normalized evoked responses recorded in the a) absence and b) presence of microdialysis
probes. The responses were normalized with respect to the maximum DA concentration
observed during the initial (pre-drug and pre-probe) stimulus. *, p<0.05.
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