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DOpamine (DA) iS d neurOtransmitter that p|ayS d Critical ¢ Finding links between brain chemistry and behavior is critical. Figure 2a: In Vitro Calibration of Carbon Fiber
role in the central nervous system (CNS). Significant effort * Carbon fiber microelectrodes allow for real time in vivo Microelectrodes: * High-speed chronoamperometry offers many advantages in bench top
has gone into investigating DA's role in the monitoring of neurotransmitters such as dopamine, serotonin & Baseline Benchtop Potentiostat applications; however, for small, low-power, wireless designs fixed potential
: : norepinephrine Figure 3: Carbon Fiber Calibration Curve: systems are a better choice.
pathophysiology of many CNS5 diseases such as * Traditional, tethered acquisition from implanted electrodes 1o Dopamne - § Electrode tested with both the 24 bit tant 1F : : t i Lot
hizobhrenia. d ddicti d Parki < di . | ectrode tested with both the it constan * Silica sheathed carbon fiber microelectrodes have very similar characteristics
scnizopnrenia, drug addiction, an darkinson's disease. causes stress on the animal as well as measurement noise. T potential wireless potentiostat and benchtop to commerciallv available glass encased carbon fiber electrodes
Specifically, real-time in vivo studies of the DA system IN o A wireless potentiostat has been developed that is compatible g o0 potentiostat : 4 : . 3
. o . . * Unlike glass enclosed carbon fibers, Silica sheathed carbon fibers can be
conscious, freely moving animals performing behavioral =~ with high impedance biosensors and carbon fiber ! . ’ .
facks are the foundation for research into the mechanisme  Microelectrodes M made to any length and can incorporate an integrated Ag/AgCl reference
behind DA | Thi dv details the i . e A novel carbon fiber microelectrode has been developed that | ooy | (18 Benop 255 electrode
enin release. Ihis stu y etal. S the In VIO pe made to any length for deep implantations. T o * A high resolution, wireless, head mounted, potentiostat has been developed
performance of a new, commercially available, system for " w o " ' K enenos ot and tested.
dopamine measurements in an untethered, freely moving " Discussion
rat. The system consists of a microelectrode, constructed
from stainless steel and fused silica, sheathing the carbon Materials and Methods Figure 2b: In Vitro Calibration of Carbon Fiber // Catbon fil ) L eed il N ) ) SR
fiber “microelectrode, and a wireless potentiostat meroe ectrodes: A ccé)]rrnrzgrc;alf;savsai;alg ;ecar;ononl:‘isljer ri:ifrzeﬁl;ctlrogdess ser:Ierg?r? >é;lzj\:ssarFaqutee(;I;clli(czzsa :;\rg;tahrezlocarrbcorre\
- - : o 14-bit Wireless Pulsed Potentiostat iDopamine] () -
employing  chronoamperometry. The  wireless Carbon Fiber Electrodes: fibers do offer several advantages over carbon fibers encased in glass capillaries. The fused silica
potentiostat, weighing less than 7g, was designed to be . 30um diamet o i e il sheath provides a very rigid yet flexible vehicle for the delicate carbon fibers, consistently along
ted the head of t. A lificati d um |ame er CarbOn TILErS WEre Seclred 1h a TUsed sTicd toosarie Measurements of a single electrode using the bench top  the shaft of the electrode. This makes the fused silica sheath more durable than other electrodes
mounted on the head of a rat. Amplification an sheath using epoxy | Ay e
PR - . . e ) potentiostat an It constant potential wireless  sheathed in tapered glass capillaries. Also, thanks to the fused silica tubing, electrodes can be
d.IgItIZ§tI0n are done on the pOtent|OStat and d dlgltal e Silica sheathed fibers were secured to a BAS cannula head. :;13.5 potentiostat show very low noise The difference in made to nearly any Iength to accommodate the deepest of implantations. However, because of
S|gnal is then transmitted to a basestation connected to a ¢ An electrical connection between the carbon fiber and 3 /VV\/\/\/M/\A measured sensitivity is +/- 1 % for the electrode used in  the tapered design, glass encased carbon fibers will cause less damage to the area of interest
PC. The microelectrode was connected to the wireless connector wire was made using graphite epoxy paste. ; /\ﬂ M /v v T this study (representative of all electrodes). The pulsed during implantation.
: : : e . i ' ili wireless system signal to noise ratio is very low and
potentiostat and tested in vitro for sensitivity and o C?rbon fibers extending from the fused silica sheath were /\V ! \//\” U/\/\A : e i>’/cwas no?included I this analysis (I):/igure ) | | | | | | | |
selectivity. The microelectrode showed a DA sensitivity of trimmed t.o 200 - 300 um. ) \ \ \ \ \ \ ' ’ The goal of high-speed chronoamperometry is to increase the signal to noise ratio by increasing
q ) 4 with f' , * A 25um diameter Ag/AgCl reference electrode was wrapped ° : : Yo the magnitude of the response seen for a particular concentration of dopamine. The general
2 nA/.uM an. can be coate . with Na 'Or? to Improve concentrically around the silica tubing. approach is to cycle the bias between two values. In a normal situation, square pulses of 60 mS
select|V|ty. This new type of microelectrode is very robust e Selectivity was improved by multiple coatings of Nafion. - e I Vitro D e Calibrat Figure 4: Carbon Fiber Calibration Curve: duration and 0-0.65 V in amplitude vs. Ag/AgCl reference electrode are applied to the working
and displays similar characteristics to other commercially |9U';)ef Cca.rlgonlgicl)oerol\rl)liac:?g:ecfold;:?on Variation of Sensitivity due to Length electrode. The bias is then returned to OV and the process is repeated every 250 ms the sensor
available glass-sealed carbon fiber microelectrodes. 24-bit Wireless Constant Potentiostat current is measured a short time after applying the bias and then again before removing the bias.
Variati th hanical desi ble t d Figure 1: Carbon fiber microelectrode diagram It is important to note that although this technique increases the available signal level, sensor
ariations on the mechanical desigh were abie to proauce _ o | s s selectivity is not improved. For wireless systems our results have shown that the increase is signal
fused silica sheathed carbon fiber microelectrodes with solypropelenc Ag/A?;'SRefesncet éagb"”gi.geftfc)”"de o is achievable, but there are numerous problems with the general approach. The primary issue is
r n m Diameter um Dlameter . . . . . . . . . .
an integrated Ag/AgCl reference electrode minus the Tubing | | o 1200 T g significant amount of digital traffic is required to create the pulse streams required. This digital
stainless steel tubing. The microelectrode sheathed in o S - V T traffic increases the ggneral noise in the system. If the working potential is a!ways returned to
ilica iaid and d ble. Mi | d " n ek (S;ZéaJ:]b[')?gmeter) Epoxy Seal zero than a simple switch could replace the digital to analog converter, but this reduces system
stica 15 very rigid ahd durable. IVIIcroe ectro > that reac ondioen” ) ! | flexibility. Secondary issues include battery life, analog to digital resolution and custom pulse
the deepest regions of the brain of large animals can be ! requirements. In our prototypes battery life was decreased by approximately 75% due to the
easily fabricated. Conflict of Interest: Research is 0 \ \ \ \ increased activity of the signal converters. Also, given the size, power and temporal constraints
conducted, in part, by a company that produces a product — o — - o ° | Depamine] o) 3 “ inherent in this design, the maximum resolution obtainable with of the shelf components is 14
P Y pany P P Evalutation: e bits. In addition, the technique requires that the pulse and measurement timing must be

related to the work bemg reported adjusted for different experimental set-ups. While this is possible, a significant amount of

experimental "tweaking" may be required. Telemetry power requirements are not affected since
several measurements can be averaged. That is, the telemetry requirements are effectively the
same as our standard model 3102 wireless potentiostat.

Figure 2a, 2b & 2c shows the same electrode with an  Variation of electrode sensitivity is largely due to
integrated Ag/AgCl reference electrode calibrated using  differences in the length of the active carbon fiber
the benchtop, 14 bit pulsed wireless and 24 bit constant  surface. (Figure 4)

potential wireless potentiostats. The benchtop system

® All in vitro testing was conducted in 100mM PBS buffer (pH
7.4).
® Carbon fiber electrodes immersed in PBS buffer were

subjected to multiple injections of TuM. Dopamine in 0.1TM , , , Citation:
HClO4 up to a final concentration of 4uM. showed excellent signal resolution (Figure 2a). The pulsed Swiergiel, A.H., Palamarchouk, V.S.and Dunn, AJ.(1997)A new design of carbon fiber microelectrode for in vivo voltammetry
E— wireless potentiostat effectively amplified the signal at the using fused silica, J. Neurosci. Methods, 73: 29-33.

® Two wireless systems were tested against a bench top
standard, a wireless high-speed chronoamperometry system
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cost of signal resolution (Figure 2b). The constant

comparable to the benchtop potentiostat (Figure 2¢).
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