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Abstract
Microdialysis sampling in the brain is employed frequently in the chemical analysis of
neurological function and disease. But, implanting the probes, which are substantially larger than
the size and spacing of brain cells and blood vessels, is injurious and triggers ischemia, gliosis,
and cell death at the sampling site. The nature of the interface between the brain and the
microdialysis probe is critical to the use of microdialysis as a neurochemical analysis technique.
The objective of the work reported here was to investigate the potential of two compounds,
dexamethasone, a glucocorticoid anti-inflammatory agent, and XJB-5-131, a mitochondrially-
targeted reactive oxygen species scavenger, to mitigate the penetration injury. Measurements were
performed in the rat brain striatum, which is densely innervated by axons that release dopamine,
an electroactive neurotransmitter. We used voltammetry to measure electrically evoked dopamine
release next to microdialysis probes during the retrodialysis of dexamethasone or XJB-5-131.
After the in vivo measurements, the brain tissue containing the microdialysis probe tracks was
examined by fluorescence microscopy using markers for ischemia, neuronal nuclei, macrophages,
and dopamine axons and terminals. Dexamethasone and XJB-5-131 each diminished the loss of
evoked dopamine activity, diminished ischemia, diminished the loss of neuronal nuclei,
diminished the appearance of extravasated macrophages, and diminished the loss of dopamine
axons and terminals next to the probes. Our findings confirm the ability of dexamethasone and
XJB-5-131 to mitigate, but not eliminate, the effects of the penetration injury caused by
implanting microdialysis probes into brain tissue.
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INTRODUCTION
Microdialysis sampling is used extensively in the chemical analysis of brain tissues in
animals and, in some cases, human patients.1-4 Microdialysis offers several advantages for
in vivo studies because the dialysis membrane eliminates cellular debris, blood, and
macromolecules from the sample stream, which might otherwise clog or damage analytical
systems. This affords a high degree of flexibility in the coupling of analysis techniques to
the sampling probes. Furthermore, the probes collect essentially all substances below the
membrane’s molecular weight cutoff, which varies depending on the type of membrane.5-8
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For these reasons, applications of brain microdialysis are very broad and continue to
expand.8-12 Increasing the spatial resolution and temporal response of microdialysis
sampling is a recent development, with temporal response approaching the timescale of a
few seconds in some cases.13-15

Despite its several advantages, brain microdialysis suffers from a persistent and challenging
problem stemming from the wound that is caused when the probes are inserted into brain
tissues.16-21 Typical probes have a diameter of 220 μm or more, whereas the typical spacing
between blood vessels in brain tissue is around 60 μm.22 Consequently, implanting a
microdialysis probe damages blood vessels and causes ischemia in the surrounding
tissue.18, 20 The penetration injury activates the brain’s astrocytes, which engulf the probe
and eventually form a glial scar around it: scar formation is clearly evident 5 days after
implanting the probe.19 Microglia, a second class of brain glial cell, respond to a penetration
injury within a few minutes.23

The penetration injury results in a progressive disruption of the tissue adjacent to the probe.
For example, Holson et al. described progressive declines in the response of dopamine
(DA), a neurotransmitter, to several pharmacological challenges (methamphetamine,
bupropion, haloperidol, and potassium ion) at 2, 4, and 6 h after implanting the probe.24, 25

The declines depended only on the time since probe implantation and not the type or
sequence of the manipulations: the authors concluded that a progressive loss of DA activity
occurs in the tissue surrounding the probe. We reached the same conclusion by
‘voltammetry next to microdialysis probes’. We used a carbon fiber microelectrode to record
DA release in the rat striatum during electrical stimulation of the afferent DA pathway.
Implanting a microdialysis probe next to the microelectrode either attenuated or abolished
the DA response, providing a direct observation of a progressive decline in DA activity
adjacent to the probe.26, 27

Penetration injury is not unique to microdialysis probes and is a matter of concern also in the
case of neuron recording electrodes, such as those used for brain-machine interfaces.28-30 A
number of laboratories have examined the effects of protective drugs, including
dexamethasone, on the tissue response to neuron recording electrodes.31-35 Likewise, in a
subcutaneous microdialysis study, dexamethasone suppressed the immune response to
probes.36 Motivated by these positive findings, we investigated the retrodialysis of
dexamethasone, a potent anti-inflammatory and immunosuppressant glucocorticoid, into the
rat striatum. Dexamethasone exhibited a profound ability to restore blood flow and suppress
gliosis but only negligibly affected DA microdialysis results.19 It is possible that the DA
results are mainly dependent on the state of the brain tissue immediately adjacent to the
probe, where the penetration injury is likely at its most severe.19 The goal of the present
study was to investigate the consequences of the retrodialysis of protective compounds
while using voltammetry to measure DA a short distance away from the probe (70-100 μm,
see Methods), i.e. at a location where the penetration injury is possibly less severe and thus
more amenable to mitigation but also sufficiently close to the probe for effective drug
delivery via retrodialysis.

We used voltammetry next to microdialysis probes to record electrically evoked DA release
in the rat striatum during the retrodialysis of dexamethasone (DEX) or XJB-5-131 (XJB).
Whereas DEX is an anti-inflammatory drug, XJB is a reactive oxygen species (ROS)
scavenger targeted with high selectivity to mitochondria.37-39 Recent studies show that XJB
decreases lipid oxidation and improves neurocognitive function in rats after traumatic brain
injury.40 Based on these observations, we hypothesized that XJB might also mitigate
penetration injury. We further hypothesized that XJB might be particularly effective at
protecting DA axons and terminals, which are highly sensitive to oxidative stress and
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mitochondrial dysfunction.41, 42 Following voltammetry next to the microdialysis probe,
brain tissue containing the probe track was examined by fluorescence microscopy using
markers for ischemia (fluorescent nanobeads), neuronal nuclei (Neu-N), blood born
macrophages (ED-1), and DA axons and terminals (tyrosine hydroxylase, TH).

EXPERIMENTAL SECTION
The procedures used herein have been employed in several prior studies.18-20, 26, 27

Therefore, only key aspects are described here and additional details are provided as
Supplementary Information.

Reagents and Solutions
Artificial cerebrospinal fluid (aCSF: 142 mM NaCl, 1.2 mM CaCl2, 2.7 mM KCl, 1.0 mM
MgCl2, 2.0 mM NaH2PO4, pH 7.40) was used for voltammetric DA calibration and as the
perfusion fluid for microdialysis. Dexamethasone sodium phosphate (APP Pharmaceuticals
LLC, Schaumburg, IL- and nomifensine maleate (Sigma Aldrich, St. Louis, MO) were used
as received from their respective suppliers. XJB-5-131 was prepared as described by Wipf
and coworkers.37 For retrodialysis, DEX (7.6 μM) and XJB (10 μM) were dissolved in aCSF
and aCSF containing 1% DMSO, respectively (we lowered the concentration of DEX
slightly compared to our previous study during which an adverse reaction to DEX was
observed;19 the XJB concentration used here is near the solubility limit in 1% DMSO).
Nomifensine was dissolved in phosphate-buffered saline (PBS: 155 mM NaCl, 100 mM
NaH2PO4, pH 7.40) and administered at 20 mg/kg (i.p.). All solutions were prepared with
ultrapure water (Nanopure; Barnstead, Dubuque, IA).

Voltammetry and Microdialysis
DA was measured in vivo by fast scan cyclic voltammetry (FSCV) with carbon fiber
microelectrodes (7 μm in diameter, 400 μm in length). Concentricstyle microdialysis probes
(300 μm in diameter, 4 mm in length) were built in-house using membranes with a 13 kDa
MWCO (Spectra/Por hollow fiber, Spectrum Laboratories Inc., Rancho, Dominquez, CA).
The probe inlet tubing (PE-20) was connected to a syringe pump (Harvard Apparatus,
Holliston, MA) running at 0.610 μL/min. The probe outlet tubing (fused silica) was led to
waste: the dialysate fluid was not analyzed during this work.

Voltammetry Next to a Microdialysis Probe
All procedures involving animals were approved by the University of Pittsburgh’s Animal
Care and Use Committee. Voltammetry next to a microdialysis probe was performed in
three groups of rats (n=6 rats per group). Each group underwent microdialysis with a
different perfusion fluid: aCSF, aCSF with DEX (7.6 μM), or aCSF with XJB (10 μM and
1% DMSO: a fourth group was perfused with aCSF with 1% DMSO but the results are
omitted because they were identical to those obtained with aCSF alone).

A carbon fiber voltammetric electrode was inserted into the striatum of an anesthetized rat
and a stimulating electrode was lowered into the DA afferent pathway in the medial
forebrain bundle (MFB). Electrically evoked release was recorded by FSCV during
electrical stimulation of the MFB (stimulus waveform: biphasic, square, constant current
pulses at 45 Hz, 300 μA pulse height, 2 ms pulse width, for 25 s). At least three stimulus
responses were recorded to establish a stable, pre-probe response: at least 20 min intervals
were inserted between stimulus procedures.

Next, a microdialysis probe was implanted in the same coronal plane as the microelectrode.
The final position of the probe was such that the distance between the tip of the
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microelectrode and the surface of the probe was 70 μm and the distance between the top of
the electrode and the probe was 100 μm (Fig 1). The relative position of the devices
described here is nominal: it is based on adjustments made to the stereotaxic
micropositioners (10 μm resolution). We relied on the nominal position because it is not
possible to visualize the location of a carbon fiber track without making a lesion:18 the
lesion destroys the tissue and would have prevented the immunohistochemical analysis
described in the following section.

Next, 2 h after implanting the probe, three more stimulus responses were recorded: this is
now ‘voltammetry next to the microdialysis probe’. Each rat then received a single dose of
nomifensine (20 mg/kg i.p.), and a final stimulus response was recorded 25 min later.

Tissue Fixation and Immunohistochemistry
After recording the stimulus responses, the probe was left in place for a total of 4 h. Then,
the rats were systemically perfused through the heart with fixative followed by a suspension
of fluorescent nanobeads (Invitrogen, Eugene, OR), after which the tissue was post-
fixed.18, 20 The brain tissue containing the microdialysis probe track was sliced in a cryostat
and the sections were immunolabeled with antibodies for NeuN (Chemicon, Temecula, CA),
ED-1 (AbD Serotec, Raleigh, NC), or TH (Millipore, Temecula, CA).43 The secondary
antibody was goat anti-rabbit IgG-CY3 (Invitrogen, Eugene, OR).

Fluorescence Microscopy and Image Processing
Fluorescence microscopy was performed with a 20× objective (Olympus BX61, Olympus;
Melville, NY- and filter sets as appropriate for the nanobeads and IgG-CY3 (Chroma
Technology; Rockingham, VT). Quantitative image processing was performed with
Metamorph/Fluor 7.1 software (Universal Imaging Corporation; Molecular Devices) and
OriginPro. A threshold value was established to eliminate background light from each image
and a freehand tool was used to exclude the track and adjacent edge effects from the region
of interest (see Supplementary Information for additional details). In the case of tissues
labeled with nanobeads and anti-TH, the number of fluorescent pixels was expressed as a
percentage of the total number of pixels in the region of interest (% fluorescent pixels). In
the case of tissues labeled with anti-NeuN and anti-ED-1, the number of labeled cells was
counted and normalized with respect to the area of the region of interest (cells/mm2). Please
note: the procedure used here to quantify the images does not account for differences in the
intensity (i.e. brightness) of the fluorescence: this is because the fluorescence intensity is
influenced by several factors that are difficult to control, such as the scattering properties of
the tissue section, the tissue penetration by the antibody and blocking reagent, the extent of
photobleaching, the power of the laser, etc. Statistical analyses of the fluorescent counts
from the images obtained with aCSF, DEX, or XJB were based on ANOVA. For
comparison, images of non-implanted tissue obtained from the brain hemisphere opposite to
the microdialysis probes were processed and counted in the same fashion: results from the
opposite hemisphere were omitted from the statistical analyses, which were intended to
assess the impact of perfusion conditions on the tissue at the probe tracks.

RESULTS AND DISCUSSION
Electrically Evoked DA Release

Before implanting the probe, electrical stimulation of the DA afferent pathway evoked
robust DA release in the rat striatum (Fig 2, blue lines). The solid lines in Fig 2 are the
average DA concentration measured in each group of animals and the dashed lines are
confidence intervals based on the SEM of each data point.
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Microdialysis Probes Disrupt Evoked DA Release
In the case of microdialysis probes perfused with aCSF (i.e. no DEX, no XJB), implanting
the probe next to the voltammetric electrode abolished all the electrically evoked DA
responses. DA was not detected during any of the electrical stimuli applied after implanting
the probe. Next, we gave the rats nomifensine (20 mg/kg i.p.), a DA reuptake inhibitor that
increases the concentration of DA observed during electrical stimulation procedures.44, 45

Stimulated DA release was observed after the dose of nomifensine (Fig 2a, green).

The experiment in Fig 2a is similar, but not identical, to those reported previously by
Borland et al. (see Fig 3b of Ref 26) and by Wang and Michael (see Fig 3 of Ref 27). In the
current work, we placed the microelectrode 150 μm closer to the probe, so the responses in
Fig 2 are smaller than those we reported before. We decreased the spacing during this work
in order to increase the likelihood that the microelectrode would be in the diffusion zones of
DEX and XJB in the following experiments.

The response obtained after nomifensine administration (Fig 2a, green) has an interesting
feature. That is, the DA signal is detected right away when the stimulus begins, i.e. during
the first FSCV scan performed 250 ms after the stimulator is activated. Using the reported
diffusion coefficient of DA in the rat striatum, 2.4×10−6 cm2/s,46 the average diffusion
distance in 250 ms is ~11 μm. Thus, the DA detected when the stimulus begins was released
from DA terminals in close proximity to the microelectrode. This supports a previous
suggestion from our laboratory that some surviving DA terminals are present near the
microelectrode, although they may be in a suppressed state.27 This motivates our on-going
efforts to protect and preserve the activity of those surviving DA terminals.

DEX and XJB Preserve Evoked DA Activity Next to Microdialysis Probes
In the case of microdialysis probes perfused with DEX, implanting the probe next to the
microelectrode diminished, but did not abolish, electrically evoked DA release (Fig 2b, red).
Thus, retrodialysis of DEX diminished the loss evoked DA activity, possibly indicating
improved survival of DA terminals in the tissue near the probe. To facilitate comparison
with the results obtained using probes perfused with unmodified aCSF, we again recorded a
stimulus response after treating the animals with nomifensine (Fig 2b, green): DEX
substantially enhanced the amplitude of the post-nomifensine response. Implanting probes
perfused with XJB also had beneficial effects on evoked DA release: similarly to DEX, XJB
diminished but did not abolish evoked DA release next to the microdialysis probe (Fig 2c,
red), although XJB was less effective than DEX in this regard (and see Fig 3, below, for
statistical evaluation). However, similarly to DEX, XJB substantially enhanced the
amplitude of the post-nomifensine response (Fig 2c, green). As was the case during aCSF
perfusion, DA was rapidly detected at the start of the stimulus after nomifensine
administration, indicating the presence of surviving DA terminals in close proximity to the
voltammetric microelectrode. Overall, these results confirm that both DEX and XJB
preserved DA activity in the tissue next to the microdialysis probes.

Statistics
To facilitate statistical analysis of these results, we prepared a histogram of the maximum
DA response amplitudes normalized with respect to the maximum amplitude of the
responses recorded before each probe was implanted (Fig 3). In the case of perfusion with
aCSF, no DA was detected before nomifensine administration. Therefore, we used one-
sample, one-tailed t-tests to compare the DEX and XJB (Fig 3, red bars) results to zero: both
DEX and XJB significantly increased the evoked response amplitude. The normalized
nomifensine results (Fig 3, green bars) were subjected to a one-way ANOVA and posthoc
Tukey test. Both DEX and XJB significantly increased the post-nomifensine response
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amplitude. These findings demonstrate that perfusion with DEX or XJB preserves robust
DA uptake activity in the tissue nearby the microdialysis probes. This robust DA uptake
activity likely contributed to keeping the pre-nomifensine amplitudes small. The responses
observed after uptake inhibition by nomifensine, therefore, more directly reflect the
protection of DA release afforded by DEX and XJB. Based on Fig 3, we conclude that both
DEX and XJB significantly attenuate the loss of DA activity in the tissue near the
microdialysis probes.

DEX and XJB Mitigate the Histochemical Effects of Microdialysis Probes
We used fluorescence microscopy to examine thin horizontal sections of brain tissue
containing the tracks of the microdialysis probes perfused with aCSF, DEX, or XJB (Fig 4).
For comparison, Fig 4 includes images of non-implanted control tissue (taken from the brain
hemisphere opposite to the microdialysis probe) immunolabeled in the same fashion as the
probe tracks. As we have reported before, probes perfused with unmodified aCSF caused
profound ischemia (diminished blood flow), as indicated by a near-total absence of
fluorescent nanobeads in the tissues surrounding the probe tracks.18, 20 Both DEX and XJB
increased the presence of nanobeads near the probe tracks (see Fig 5, below, for statistical
evaluation), indicating in both cases a decrease in ischemia. However, DEX was more
effective in this regard, which is consistent with DEX’s classification as an anti-
inflammatory drug.

Probes perfused with unmodified aCSF decreased NeuN labeling, indicating a loss of striatal
neurons near the probes, and increased ED-1 labeling, indicating the infiltration and
activation of macrophages near the probes. The ED-1 marker specifically labels blood-
derived macrophages and so indicates an opening of the blood-brain barrier.47 Both DEX
and XJB increased NeuN labeling and decreased ED-1 labeling, indicating that both
compounds protected the brain tissue near the probes.

In non-implanted striatal tissue, TH labeling is punctate, corresponding to the size and
distribution of DA axons and terminals. Probes perfused with unmodified aCSF eliminated
the punctate labeling in the surrounding tissue. Intense labeling was observed at the edges of
the probe track but this was not punctate and likely reflects non-specific binding.48 The loss
of punctate TH labeling does not necessarily mean a loss of DA axons and terminals, but
rather that the axons and terminals have lost their TH. Despite this caveat, the images
confirm that probes perfused with aCSF profoundly disrupt DA axons and terminals. Both
DEX and XJB diminished the non-specific edge effect and preserved punctate TH labeling.

Statistics
We quantified these images using Metamorph’s built-in tools. After setting a threshold
fluorescence intensity for each image, the software quantified the percentage of pixels
exhibiting nanobead and TH fluorescence, and counted the number of NeuN-positive and
ED-1-positive cells in the region of interest: the quantitative results are reported as
histograms in Fig 5. The numerical results for each marker were subjected to one-way
ANOVA (details in the figure legend). Compared to probes perfused with unmodified aCSF,
retrodialysis of DEX significantly increased nanobead, NeuN, and TH labeling, and
significantly decreased ED-1 labeling. Retrodialysis of XJB significantly increased NeuN
labeling and decreased ED-1 labeling. Retrodialysis of XJB also increased nanobead and TH
labeling, but these effects were not statistically significant.

Correlation of Voltammetry and Immunohistochemistry
Our findings reveal, for the first time, a general correlation between the ability of DEX and
XJB to preserve DA activity as assessed by voltammetry next to microdialysis probes and
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their ability to protect the tissue near the probes as assessed by immunohistochemical
labeling. The most direct correlation can be expected between DA activity and punctate TH
labeling, since DA activity derives from DA axons and terminals. Fig 6 compares TH
images with the DA responses taken from the same tissue: the white box in each image
identifies the nominal location of the microelectrode. Even from this small sampling, it is
clear that the intensity of the punctate TH labeling near the probe correlates with the
amplitude of the stimulus response. Note that in the case of the probe perfused with
unmodified aCSF, the bright TH labeling is non-punctate: it is the non-specific edge effect
explained above.

CONCLUSION
The present study confirms that retrodialysis of dexamethasone or XJB-5-131 mitigates
penetration injury during brain microdialysis. Both compounds protected striatal DA activity
as assessed by voltammetry next to microdialysis probes and both also mitigated the
histochemical effects of the penetration injury. The general correlation between the effects
of DEX and XJB on DA activity and observed histochemical changes is potentially
significant, because reports on the impact of neuroprotection strategies on the tissue
responses to implanted devices are expanding rapidly.49-52

The protective effects observed during this study were partial, as neither the evoked DA
activity nor the histochemical attributes of the tissue near the probe were preserved in their
normal, completely uninjured state. Nevertheless, the mitigation observed during this study
is substantially larger than during our previous observations of DA no-net-flux, which were
negligibly affected by DEX.19 Thus, as we anticipated, the tissue even a small distance from
the probe (70-100 μm) appears to be more amenable to protection by DEX and XJB.
However, it is important to appreciate that measuring DA via microdialysis is an especially
challenging task due to DA reuptake, which rapidly removes DA from the extracellular
space and limits how far it can diffuse. This challenge is illustrated by the large impact of
the DA reuptake inhibitor, nomifensine, on the evoked DA responses. Accordingly, we
conclude that even though DEX and XJB protected the tissue 70-100 μm from the probe,
DA’s ability to diffuse across the gap to the microdialysis probe was constrained, as usual,
by reuptake. It is important to appreciate this point because microdialysis has applications to
numerous other substances of interest that are not subject to such avid reuptake. It will be of
great interest in the future to examine the effect of DEX, XJB, and other candidates on the
microdialysis of substances other than DA.

Finally, this investigation focused on acute implants only 4 h in duration. Tremendous
interest in chronic implants exists as well, and in particular, XJB has demonstrated
significant efficacy in long-term neuroprotective studies.53 We reason that any protective
strategy must be effective during the acute phase of the implant in order to preserve the
tissue into the chronic phases, i.e. cell death in the acute phase is unlikely to be reversible.
Accordingly, we envision that successful acute mitigation is needed as a precursor to
successful chronic mitigation of penetration injury effects.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A schematic of the placement of the devices in the rat brain. (a) A sagittal view of the
stimulating electrode (orange) in the MFB, the microelectrode (black) and the microdialysis
probe (red-in the striatum (CPu), and the Ag/AgCl reference electrode (blue) in contact with
the brain surface. (b) A coronal view showing the microelectrode at a 5° angle from the
probe. (c) The tip of the carbon fiber is 70 μm from the probe and the top of the fiber is 100
μm from the probe.
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Figure 2.
The effect of aCSF (a), DEX (b), or XJB (c) on electrically evoked DA responses measured
before implanting the probe (blue lines), 2 h and 40 min after implanting the probe (red
lines, the response was non-detectable in a), and 25 min after nomifensine (green lines). The
solid lines are the average of the responses in each group of rats (n=6 per group) and the
broken lines are confidence intervals based on the standard error of the mean of each data
point. The black diamonds show when the stimulus begins and ends.
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Figure 3.
The amplitude of evoked DA responses in the rat striatum in the presence of probes perfused
with aCSF, DEX, or XJB. The response amplitudes observed after implanting the probes
(red) and after nomifensine (green) are normalized with respect to the amplitude observed
before implanting the probes (blue = 100%). The bars show the mean ± SEM (n=6 rats per
group) of the normalized results. DEX significantly increased evoked DA after implanting
the probe (one-sample t-test: t(5)=8.208, p<0.0005). XJB significantly increased evoked DA
after implanting the probe (one-sample t-test: t(5)=2.015, p<0.05). Both DEX and XJB
significantly increased evoked DA after nomifensine administration (one-way ANOVA:
F(2,15)=7.43, p=0.006; and Tukey posthoc test: p<0.05. and p<0.05 respectively). *p<0.05,
***p<0.0005.
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Figure 4.
DEX and XJB mitigate the histochemical impact of penetration injury. Separate columns
provide representative images of tissue after retrodialysis of aCSF, DEX, and XJB for 4 h.
The left-most column shows images of non-implanted control striatal tissue. Separate rows
provide representative images of tissue labeled with markers for blood flow (nanobeads),
neuronal nuclei (NeuN), macrophages (ED-1), and dopamine axons and terminals (TH). The
probe track is in the center of the images and marked with an asterisk. Scale bars are 200
μm.
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Figure 5.
Normalized counts of the individual histochemical markers were performed in the region of
interest in horizontal tissue sections containing the track of the microdialysis probes.
Nanobead (a) and TH (d) results are reported as the percentage of fluorescent pixels (mean±
SEM). NeuN (b) and ED-1 (c) results are reported as the number of cells/mm2 (mean±
SEM). Statistical analyses were performed by one-way ANOVA and Tukey or Tamhane T2
post hoc tests: *p<0.05, **p<0.005, ***p<0.00005, ****p<0.00000005. Images of non-
implanted tissue from the brain hemisphere opposite the microdialysis probes were
quantified by the same procedures (no-probe) but omitted from the ANOVAs.
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Figure 6.
Correlation of voltammetry next to a microdialysis probe with TH immunohistochemistry.
Individual DA responses recorded after implanting the probe (without nomifensine) are
compared with the TH immunohistochemistry from the same rat. The white box indicates
the nominal position of the microelectrode. Columns represent retrodialysis of aCSF, DEX,
and XJB for 4 h. Scale bars are 200 μm.
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