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Abstract

Background—Adenosine serves many functions within the CNS, including inhibitory and 

excitatory control of neurotransmission. The understanding of adenosine dynamics in the brain is 

of fundamental importance. The goal of the present study was to explore subsecond adenosine 

fluctuations in the rat brain in vivo.

Method—Long Evans rats were anesthetized and a carbon fiber electrode was positioned in the 

motor cortex or dorsal striatum. Real time electrochemical recordings were made at the carbon 

fiber electrodes every 100 ms by applying a triangular waveform (−0.4 to +1.5 V, 400 V/s). 

Adenosine spikes were identified by the background-subtracted cyclic voltammogram.

Results—The frequency of detected adenosine spikes was relatively stable in both tested regions, 

and the time intervals between spikes were regular and lasted from 1 to 5 seconds within an 

animal. Spike frequency ranged from 0.5 to 1.5 Hz in both the motor cortex and the dorsal 

striatum. Average spike amplitudes were 85 ± 11 and 66 ± 7 nM for the motor cortex and the 

dorsal striatum, respectively.

Comparison with Existing Methods—The current study established that adenosine signaling 

can operate on a fast time scale (within seconds) to modulate brain functions.

Conclusions—This finding suggests that spontaneous adenosine release may play a fast, 

dynamic role in regulating an organism’s response to external events. Therefore, adenosine 
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transmission in the brain may have characteristics similar to those of classical neurotransmitters, 

such as dopamine and norepinephrine

1. Introduction

Adenosine, initially discovered as a potent vasodilator,1 is an important signaling molecule 

that is now known to be involved in the regulation of many physiological functions and 

pathological conditions.2 For example, adenosine plays an important role in regulating sleep 

as both the duration and depth of sleep are profoundly modulated by elevated concentrations 

of this neuromodulator in the basal forebrain.3 Increases in extracellular adenosine in the 

brain triggered by ischemia4 and seizures5,6 provide evidence for its role as an endogenous 

neuroprotective mechanism. Moreover, augmentation of adenosinergic transmission appears 

to be an efficient strategy to suppress pharmacoresistant seizures.5

Adenosine is preferentially released from neurons, while glial cells may also secrete this 

purine7. It exerts its neuromodulatory actions through the interaction with four G-protein 

coupled receptors (i.e. A1, A2A, A2B and A3) in the brain and peripheral tissues.8,9,10 A1 and 

A2B are highly expressed in the cortex and striatum.8,11,12 A1 receptors are intensely 

involved in the regulation of adenosine signaling in the striatum.13,14

Since adenosine is one of the most important neuromodulators in the brain, there is an 

enormous interest in understanding the dynamics of adenosine signaling in the extracellular 

space. However, a complete picture of how (amount, speed) adenosine is released, how fast 

it is taken back inside of cells, and what are the functional consequences of these changes 

requires sensitive methods to detect adenosine in real time.

The Venton group successfully developed fast-scan cyclic voltammetry (FSCV) approaches 

using carbon-fiber microelectrodes15 to directly detect electrically-evoked adenosine release 

in vivo14,16 and in vitro.17,18 Other groups have begun effectively using this approach to 

quantify extracellular adenosine concentrations in the CNS of different species, including 

humans.19,20 The Zylka group, for example used this approach to demonstrate that 

spontaneous, transient adenosine release (not evoked by electrical, chemical or mechanical 

stimulation) could be detected in the mouse spinal cord in vitro. 21,22 Recent work from the 

Venton group revealed that spontaneous adenosine can be rapidly released and cleared in the 

dorsal striatum and prefrontal cortex (PFC) of anesthetized rats.13 Together, these recent 

findings suggest that adenosine may have a rapid neuromodulatory role in addition to its 

previously characterized function as a tonic modulator of neurotransmission.

The present study was designed to further characterize adenosine signaling in the striatum 

and motor cortex using FSCV, and explore how spontaneous adenosine release may be 

affected by external stimuli. Despite a number of observed similarities, our results 

demonstrate some intriguing differences from those reported in earlier work.13 We also 

report, for the first time, that spontaneous adenosine release can be evoked in response to 

external stimuli.
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2. Methods

2.1. Animals

Male Long Evans rats (350–470 g) were purchased from Harlan (Indianapolis, IN) and 

housed under a 12:12h light/dark cycle with food and water available ad libitum in standard 

polypropylene cages. All experiments were performed according to the guidelines of the 

National Institute of Health and were approved by the Institutional Animal Care and Use 

Committee at Wake Forest School of Medicine. All efforts were made to avoid or minimize 

suffering.

2.2. Electrode Preparation

Carbon fiber electrodes were prepared by aspirating a single carbon fiber (T-650, 7 μm 

diameter) into a 1.2mm × 0.68mm glass tube (A-M Systems, Inc. Sequim, WA). The glass 

tube was tapered at 53.9°C to form sealed microelectrodes using a pipette puller (Narishige; 

Tokyo, Japan). The outspreading carbon fiber was cut beyond the glass fiber to about 65–75 

μm. An electrical connection was made with the carbon fiber within the glass tube by 

applying silver paint onto a lead wire (SQUIRES Electronic, Cornelius, OR) and inserting it 

into the tube. The electrode was attached to a stereotaxic arm and lowered into the motor 

cortex or dorsal striatum. Reference electrodes (Ag/AgCl) were prepared from silver wires 

(A-M Systems Inc., Carlsborg, WA) by dipping the wire in HCl (1 M) and running electrical 

current through it for 30 seconds.

2.3. Chemicals and drugs

All reagents were purchased from Fisher Scientific unless otherwise stated. Adenosine 

(Sigma-Aldrich, St. Louis, MO) was prepared as a 10 mM stock solution in 0.1 M perchloric 

acid and diluted to the desired concentration (0.5, 1.0 and 5 μM) in a tris buffer on the day of 

electrode calibration. The buffer solution at pH 7.4 contained 15 mM Tris, 140 mM NaCl, 

3.25 mM KCl, 1.2 mM CaCl2, 1.25 mM NaH2PO4, 1.2 mM MgCl2 and 2.0 mM Na2SO4 in 

double distilled water (Mega Pure System, Corning Glasswork, Corning, NY). Urethane 

(Sigma-Aldrich) was dissolved in saline and administered at 1.3 g/kg. Injected volumes 

were 2 ml/kg (i.p.).

2.4. FSCV recordings

Rats were anesthetized with urethane and placed in a stereotaxic frame. A hole for carbon 

fiber electrode insertion was drilled (from bregma: anterior-posterior, 0.4 mm; lateral, 2.4 

mm). An Ag/AgCl reference electrode was implanted in the contralateral hemisphere and a 

carbon fiber electrode was positioned in the motor cortex (dorsal-ventral 2.0 mm) or dorsal 

striatum (dorsal-ventral, 4.5 – 5.0 mm). The reference and carbon fiber electrodes were 

connected to a voltammetric amplifier (UNC Electronics Design Facility, Chapel Hill, NC) 

and voltammetric recordings were made at the carbon fiber electrodes every 100 ms by 

applying a triangular waveform (−0.4 to +1.5 V, 400 V/s). Data were digitized (National 

Instruments, Austin, TX) and stored on a computer. Adenosine spikes were identified by the 

background-subtracted cyclic voltammogram. Carbon fiber microelectrodes were calibrated 
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in a flow cell with known concentrations of adenosine (0.5 – 1.0 μM) after experiments 

(postcalibration).

2.5. Experimental procedure

An electrode was placed in the brain region of interest and a triangular waveform was 

applied. An electrode was allowed to equilibrate for at least 30 min before any recordings 

were taken. Adenosine spikes were detected every 3 minutes for at least 30 min using Tar 

Heel CV, written in LabVIEW (National Instruments; Austin, TX).23 At the end of data 

collection sessions, rats were subjected to a 3 s tail pinch, where recordings were taken 

before and after the stimulus for a total duration of at least 15 s. Tail pinches were 

performed as previously described24 with soft rubber gloves to avoid any tissue damage and 

generation of electrical noise artifacts. The rat tail was pressed with the thumb and the index 

finger with a pressure of approximately 3.0 MPa.

2.6. Data analysis

Data were analyzed using GraphPad Prism 6.1 (GraphPad Software Inc. Lajolla, CA). The 

relationship between cyclic voltammograms obtained during calibration of adenosine in 

vitro and its detection in vivo in the rat brain was determined using Pearson’s correlation. 

The stability of the frequency and amplitude of spikes generated over 30 min periods in the 

motor cortex and striatum were compared using repeated measure ANOVA. The event 

detection function of Clampfit 10.4 (Molecular Devices, Sunnyvale, CA) was used to 

measure the amplitude, interevent interval, and duration of adenosine transients. OriginPro 

7.0 (OriginLab, Northampton, MA) was used to determine cumulative distribution functions. 

Statistical analysis of adenosine transient distribution properties were conducted with the 

non-parametric, Kolmogorov-Smirnov test. Effects of tail pinches on the amplitude of 

adenosine efflux were analyzed with one-way ANOVA. The evaluation of adenosine 

concentrations before and during tail pinches was performed by calculating the area under 

the curve (definite integral) in Matlab. Student’s t-test was used for comparison of means. 

Data are presented as mean ± SEM. All results were considered significant at the 95% 

confidence level.

3. Results and discussion

3.1. Identification of Spontaneous Adenosine Transients Detected in Vivo

In our experiments, spontaneous adenosine transients were measured at the carbon fiber 

electrode by applying a triangular waveform from −0.4 to +1.5 V and back versus an Ag/

AgCl reference electrode, at a rate of 400 V/s. The same waveform and scanning rate were 

used to detect electrically-evoked adenosine changes in slice preparations18,25 and in vivo 

recordings, including measurements in the brain of anesthetized animals14,16 and 

humans.19,20 Identification of adenosine spikes was based on an analysis of 

voltammograms, which provide electrochemical information on the analyte. Figure 1 

demonstrates that, as observed with the voltammogram obtained during the detection of 1.0 

μM adenosine injected into a flow cell (Fig. 1A), voltammograms for spontaneous spikes 

measured in the rat brain (Fig. 1B,C) had a maximal oxidation current at 1.4 V. Statistical 

analysis revealed a significant positive correlation between the flow cell and brain-derived 
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voltammograms (r=0.88, R2=0.74, P<0.0001). The same features for adenosine 

identification were demonstrated in previous voltammetric studies.14,18,20

It should be noted that the occurrence of an additional oxidation peak was reported by 

several groups.13,21,22 However, in the case of spontaneous spike recordings, this 

characteristic only became evident when the cyclic voltammogram was taken at a specific 

time point, half a second following the first peak.13 We could not see a secondary peak at 

this or any timepoint under our experimental conditions, both in vitro (flow cell calibration) 

and in vivo. The reason for this discrepancy is unclear at the present time. Therefore, a 

traditional voltammogram with the single oxidation event at ≈ 1.4 V was used for the 

identification of spontaneous adenosine spikes. Furthermore, the first report on spontaneous 

adenosine transients has clearly demonstrated that the frequency of these spikes can be 

effectively modulated through A1 receptors in the striatum of anesthetized rats.13 Since 

several other analytes, including hydrogen peroxide and ATP, provide cyclic 

voltammograms with peaks around the same potential as adenosine,17, 26 this demonstration 

can be considered as an important additional pharmacological verification for adenosine. 

Using the same pharmacological tool, cyclopentyladenosine (CPA), we explored how the 

activation of A1 receptors affects the frequency and amplitude of striatal transients (Fig. 2). 

Specifically, after stable baseline data were collected for at least for 30 minutes, the drug 

was injected at 2 mg/kg, i.p. and recordings were made for 30–40 minutes. No changes in 

the oxidation/reduction patterns of the cyclic voltammograms were observed after the drug 

administration (data not shown), suggesting that, as previously shown13, CPA did not affect 

the chemical being detected. Notably, CPA had no effect on the amplitude of detected spikes 

(P= 0.518, n=4) (Fig. 2A, B) but markedly reduced the frequency of these events, to 30% of 

baseline (P=0.007, n=4) (Fig 2A, C). In contrast, vehicle injection had no significant effect 

on either spike amplitude or frequency (P=0.234 and P=0.638, respectively, n=4) (Fig. 2B, 

C). These data are in good agreement with a previous study13, where A1 receptor activation 

with CPA decreased the frequency of spontaneous adenosine transients, while the amplitude 

was not altered. Therefore, based on both electrochemical and pharmacological criteria, the 

detected chemical was identified as adenosine.

3.2. Characterization of Adenosine Spikes in the Motor Cortex and Dorsal Striatum

In a subset of six animals, the stability of spontaneous adenosine spikes was monitored in 

the motor cortex and dorsal striatum of anesthetized rats. Recordings were made with three 

minute intervals over 30 minute periods. The three dimensional color plots topographically 

represent voltammetric data collected in two representative animals (Fig. 3A, B). The 

average adenosine concentration obtained from all spikes, which were identified during the 

ten second recording periods, was used to determine the amplitude of spontaneous effluxes. 

We found that the frequency was relatively stable in both tested regions across the 30 minute 

recording period [F (9, 90) = 0.7907; P=0.626] (Fig. 3C) and this parameter was similar in 

the motor cortex and striatum [n=6 rats, F (1, 10) = 0.06, P=0.817] (Fig. 3C). On average, 

the number of spikes per second ranged from 0.6 ± 0.1 to 1.0 ± 0.1 in both areas. This 

parameter was quite stable within a single animal, while it varied from rat to rat with a 

minimum of 0.5 and maximum of 1.5. Similar to the frequency of spikes, their amplitudes 

were relatively stable over time in both brain areas [n=6 rats, F (9, 90) = 1.297; P=0.250] 
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(Fig. 3D). The average amplitude over the 30 min recording period fluctuated from 75 ± 10 

to 94 ± 18 nM in the motor cortex and from 123 ± 29 to 150 ± 43 nM in the dorsal striatum. 

Noticeably, larger error bars for striatal values indicated a higher variability in the amplitude 

of adenosine spikes in this area in comparison with the motor cortex.

The clearance rate was determined in μM/s from the peak amplitude of adenosine spikes to 

the baseline value. Since adenosine transients from each rat were approximately the same 

size, five spikes were randomly chosen per rat (n=7 rats) over the 30 min recording time to 

compare the clearance rates between motor cortex and dorsal striatum. We found that the 

clearance rates in the motor cortex (137 ± 23 nM/s, n=7) and dorsal striatum (196 ± 44 

nM/s) were not significantly different [unpaired t-test, P=0.264] (Fig. 3E).

To more rigorously characterize adenosine release events, additional criteria for the 

identification of adenosine spikes were created to avoid any inaccuracies in the calculations 

of spike parameters. We employed an unbiased threshold detection method to identify and 

characterize adenosine events from recorded traces. Analysis parameters were optimized to 

minimize inclusion of baseline noise and the threshold trigger for event detection was 

adjusted to identify peaks at least two times greater than the noise level. Event amplitude, 

duration, interevent interval, and frequency were calculated for each detected spike. 

Frequency was calculated by dividing the number of peaks detected by the length of each 

recording. Detected events were then visually inspected to exclude spurious events. The 

peaks detected from this analysis matched events in 2D color plots and cyclic 

voltammograms having characteristics of adenosine. As listed in Table 1, 88 spikes from 

motor cortex recordings (n = 11 rats) and 110 peaks from dorsal striatum recordings (n = 12 

rats) were identified by this analysis. Table 1 also shows that average spike amplitudes, 

durations, interevent intervals, and frequencies were not significantly different between 

motor cortex and dorsal striatum.

We further evaluated the identified adenosine spikes by analyzing the underlying 

distributions of events in motor cortex and dorsal striatum (Fig. 4). This analysis revealed 

that the spike amplitudes in motor cortex were skewed towards larger amplitudes compared 

to dorsal striatum (Kolmogorov-Smirnov test, D = 0.66, P = 0.04) (Fig. 4A). Likewise, 

adenosine spike durations (D = 0.68, P = 0.003) (Fig. 4B) and interevent intervals (D = 0.65, 

P = 0.001) (Fig. 4C) were skewed towards longer times in motor cortex compared to dorsal 

striatum. The distributions of spike frequencies, however, were not different between the 

two brain regions (D = 0.5, P = 0.67) (Fig. 4D).

It should be noted that the average concentration of adenosine released was in the same 

range (slightly lower) than that reported in the first study on spontaneous adenosine release 

(180 nM) in the rat brain13 and is in line with its baseline concentration (50 to 200 nM) 

determined with other techniques.7 However, our results indicate that adenosine can be 

released on a much shorter time scale (seconds versus minutes). Earlier, adenosine release 

was detected on average once every 3–4 minutes and importantly, it was not a periodic 

event.13 In our experiments, spontaneous adenosine spikes were observed within seconds 

with relatively regular intervals. Based on this observation, it could be speculated that 

adenosine transients can be caused by pacemaker firing. Thus, adenosine can operate in a 
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faster signaling mode than previously assumed. In fact, this is a better fit with its role as a 

neuromodulator.

There are a number of factors which can account for the difference between the current 

study and earlier published results.13 This may include some variance in the scanning 

potentials used (1.5 V vs. 1.45 V), the type of electrode employed (uncoated vs. Nafion-

coated, connection with silver paint vs. connection with 1 M KCl), the pretreatment of 

electrodes (electrodes were soaked in 2-propanol in the previous study), recording 

schedules, the strain (Long Evans vs Sprague-Dawley) and age of rats (animals were older 

in our experiments) and the level of anesthesia. However, the main cause for the discrepancy 

is likely the analytic methods used to quantify adenosine transients. In fact, any transient 

signal without a secondary peak was not counted in the previous work, whereas all data in 

this study were analyzed using principal component regression.13 As we indicated above, 

the second oxidation peak is not a rigorous criterion for the identification of spontaneous 

adenosine.

Based on the results of both studies, we can conclude that adenosine is available for 

signaling in physiologically relevant concentrations for seconds and then it is quickly 

cleared from the extracellular space. However, it is important to highlight that, in both cases, 

recordings were performed on anesthetized animals. The information on how anesthesia 

affects spontaneous adenosine release is not available. Therefore, we cannot exclude a 

dramatic change in adenosine signaling under this condition. Experiments on freely moving 

animals are necessary to explore adenosine transmission under physiological conditions.

3.3. Effect of an external stimulus on spontaneous adenosine release

All recordings were performed under the condition of urethane anesthesia during the entire 

study. In contrast to experiments on freely moving animals, anesthetized preparations limit 

the possibility of exploring neurochemical responses to different external stimuli. However, 

the effects of aversive stimuli, such as a tail pinch, on brain neurotransmission can be 

observed even in anesthetized animals.27,28 According to a previous study, a tail pinch 

triggers subsecond dopamine release in several striatal regions including the dorsal 

striatum.24 It is very well known that adenosine is a powerful modulator of dopaminergic 

neurotransmission.29,30,31 The latest study by the Venton group revealed that momentary 

adenosine changes can transiently modulate phasic dopamine release via the A1 receptor on 

the scale of seconds.17 Therefore, a fast escalation in spontaneous adenosine efflux in some 

brain regions can be expected under the experimental conditions such as when the rat is 

exposed to noxious stimuli, which induces brief dopamine release. Figure 5 shows changes 

in spontaneous adenosine concentrations in the rat brain observed after administration of 

brief, 3 s tail pinches. The total amount of the released neuromodulator was evaluated by 

calculating the area under the curve during an aversive stimulus, and during the 3 seconds 

preceding the stimulus (Fig. 5A, B). Administration of a tail pinch significantly increased 

this parameter in the motor cortex from 2.0 ± 0.4 to 3.1 ± 0.7 [paired t-test, P= 0.017] and in 

the dorsal striatum from 1.8 ± 0.3 to 2.7 ± 0.6 [paired t-test, P= 0.025] (Fig. 5C). In both 

regions, this parameter increased by a nearly identical amount (55% in MC vs. 50% in DS). 

Importantly, averaged magnitudes of adenosine spikes in tested brain areas before a tail 
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pinch were not significantly different [unpaired t-test; P =0.907], while they were 

significantly higher in the striatum than in the cortex when rats were exposed to the stimulus 

[unpaired t-test, P=0.034] (Fig. 5D). This difference in adenosine response can reflect a 

stronger dopamine innervation in the dorsal striatum in comparison with the cortical region. 

Thus, these transient adenosine changes are more likely to be involved in neuromodulatory 

function and serve to control the release of dopamine, while their modulatory role for other 

neurotransmitters cannot be ruled out at the present time.

4. Conclusions

The present work confirms previous findings that revealed spontaneous, transient adenosine 

release in the brain of anesthetized rats using fast scan cyclic voltammetry.13 Despite a 

number of observed similarities in the characterization of adenosine spikes, some important 

new features were revealed in the current study. First, we found that the frequency of 

spontaneous adenosine events was significantly higher and intervals between spikes were 

more constant under our experimental conditions. These data suggest that adenosine 

signaling can operate on a faster time scale to modulate brain functions. Second, our 

analysis of spike distributions revealed that spontaneous adenosine events can vary by brain 

region. A number of factors, such as a dissimilar basal concentration of adenosine, and/or 

the level of adenosine receptor expression and synthesis rate, could be responsible for this 

difference. Finally, we observed marked adenosine effluxes in the motor cortex and dorsal 

striatum in response to an external noxious stimulus, a brief tail pinch. This finding suggests 

that spontaneous adenosine release may play a fast, dynamic role in regulating an 

organism’s response to external events. Therefore, adenosine transmission in the brain may 

have characteristics similar to those of classical neurotransmitters, such as dopamine and 

norepinephrine.
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Highlights

• Spontaneous adenosine events can vary by brain region

• Adenosine signaling can operate on a much faster time scale (seconds vs 

minutes)

• Subsecond adenosine is released in response to noxious stimuli
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Figure 1. Identification of adenosine in vitro and in vivo using fast scan cyclic voltammetry
(A) In vitro calibration of the carbon fiber electrode to adenosine at a concentration of 1.0 

μM in the flow cell. A 2D color plot (bottom) shows time on the abscissa, potential on the 

ordinate and current in false color. The dashed white line on the color plot indicates where 

the background subtracted voltammogram (on top of color plot) was obtained. (B) In vivo 

spontaneous adenosine release detected in the rat striatum. The cyclic voltammogram and 2-

D color plot match the in vitro calibration. The maximal oxidation for each case occurs at 

1.4 V. (C) Cyclic voltammograms obtained for adenosine during an electrode calibration in 

a flow cell (black circles) and during recordings in vivo (red circles). The voltammograms 

with the same maximal current at 1.4 V were selected to demonstrate identical 

electrochemical features of signals.
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Figure 2. Effect of the A1 agonist, cyclopentyladenosine (CPA) on adenosine release
(A) Representative traces and 2D color plots depicting the detection of adenosine in the 
dorsal striatum before (left) and after (right) CPA (2 mg/kg, i.p.) administration. Stars on 

top of spikes indicate that the obtained cyclic voltammogram has characteristics of 

adenosine detection. (B) The average amplitude was obtained from all spikes detected 
per rat for 10 s across four rats before and 30 min after the drug. Neither CPA nor 

saline (vehicle control) administration affect the amplitude of striatal adenosine transients. 

(C) CPA administration results in a significant reduction in adenosine spike frequency. **P 

< 0.01, paired t-test. Data are means ± SEM of four rats per group.
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Figure 3. Detection and stability of adenosine transients in vivo
3D plots showing adenosine oxidation currents as functions of time and voltage in the motor 

cortex (A) and the dorsal striatum (B) of anesthetized rats. Green spikes indicate adenosine 

transients that were identified by cyclic voltammograms. (C) Spike frequency (on y-axis) in 

the motor cortex and dorsal striatum were plotted as a function of the 30 minute recording 

time (on x-axis). Each time point is an average per rat detected across 6 rats, within 10 s 

intervals. There was no significant difference in the frequency of spikes between the two 

regions. (D) Average amplitude was plotted as a function of time. This parameter was 

relatively stable in both tested regions across the 30 minute recording period (P > 0.05; 

n=6). (E) The clearance rate was calculated by dividing the maximal amplitude with the 

amount of time it takes adenosine to disappear. The average clearance rate was plotted as a 

function of area. There was no significant difference in the rate between the two regions (P 

> 0.05; n = 7).
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Figure 4. Characteristics of adenosine transients recorded from the motor cortex and dorsal 
striatum
Cumulative distribution functions of various parameters of adenosine spikes recorded from 

motor cortex (11 rats) and dorsal striatum (12 rats) regions were plotted as cumulative 

probability curves and compared. (A) Adenosine spike amplitudes recorded from the motor 

cortex were larger than those recorded in the dorsal striatum (Kolmogorov-Smirnov test, D 

= 0.66, P < 0.05). (B) The durations of adenosine spikes were longer in the motor cortex 

compared to the dorsal striatum (D = 0.68, P < 0.01). (C) The interevent intervals between 

adenosine spikes were longer in the motor cortex than the dorsal striatum (D = 0.65, P < 

0.01). (D) Adenosine spike frequencies were not different between the motor cortex and the 

dorsal striatum (D = 0.5, P = 0.67).
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Figure 5. Adenosine changes detected in response to tail pinches in the motor cortex and dorsal 
striatum
Representative concentration-time plots of adenosine release and standard 2D color plots are 

obtained before, during, and after a tail pinch in the motor cortex (A) and dorsal striatum 

(B). A tail pinch exposure is indicated by a white line in color plots. A star on the top of 

spikes indicates that the cyclic voltammogram fits with adenosine detection. (C) Adenosine 

release was augmented during the tail pinch period compared to the period before the 

stimulus in both the motor cortex and dorsal striatum. (D) Peak magnitudes of adenosine 

transients were also larger during the tail pinch compared to the period preceding the 

stimulus in both the motor cortex and dorsal striatum. The tail pinch response was 

significantly larger in the dorsal striatum compared to the motor cortex. *P < 0.05, **P < 

0.01, paired t-test. Data are means ± SEM of 7 rats per group.
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Table 1

Averages (±SEM) of adenosine transients detected in the motor cortex and dorsal striatum.

Motor Cortex Dorsal Striatum

# of recordings 11 12

# of spikes detected 88 110

Amplitude (nM) 85.15 ±10.90 65.35 ±7.13

Duration (s) 0.72 ±0.07 0.69 ±0.10

Interevent interval (s) 1.08 ±0.08 1.02 ±0.11

Frequency (Hz) 0.77 ±0.05 0.92 ±0.11
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