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Support 

Pinnacle’s research has been supported by numerous NIH SBIR grants and Defense 

Advanced Research Projects Agency (DARPA) and the Army Research Office (ARO) award 

number W911NF-10-1-006 

Near-term: 

• Pinnacle has created a robust platform for the rapid prototyping 

and development of new biosensors.  The process significantly 

reduces the time to commercialization of new biosensors.  The 

utility of this new approach has allowed Pinnacle to rapidly develop 

its lactate and ethanol biosensors in under six months.   

• Patent protection for this process has been sought, giving Pinnacle 

an unique pipeline for the production of new biosensors.  

• In June of 2011, Pinnacle will market an ethanol biosensor.  We 

will also introduce three additional biosensors by end-of-year. 

Representative Biosensor Data Pinnacle Technology 

• Pinnacle provides biosensors on-demand with a five day turn- 

around for a variety of animal applications.  Our current catalog 

includes the following sensors for purchase: 

• Glutamate 

• Glucose 

• Lactate  

• Carbon Fiber Electrodes 

• Pinnacle provides turn-key systems for simultaneous biopotential 

and biosensor recordings in a number a measurement paradigms 

including wireless telemetry (rats) and tethered recording (rats and 

mice) all with integrated video. 

• Our customer base spans big pharmaceutical companies (including 

Merck, J&J, Janssen, and Lilly), academic institutions (including 

Northwestern, U. Penn., Harvard, UCLA), research hospitals 

(including Cleveland Clinic, The Mayo Clinic) and government 

laboratories (including USAMRICD). 

• Our biosensors have exceptional stability and linearity profiles in 

vitro and in vivo.  

Figure 1:  Representative Pinnacle lactate biosensor linearity and stability profiles 

Figure 5: Sample sleep data from a mouse  recorded on an 8401 system. 

Sleep state is overlaid with the changes in lactate concentration as 

measured by a lactate biosensor (left Y-axis). Concurrent changes in glucose 

concentration (right Y-axis) are shown in magenta.    

Figure 4: Pinnacle software platform demonstrating simultaneous 

collection of EEG, EMG, implanted biosensor and a synchronized video 

stream collected from a single animal.  

Pinnacle’s Integrated Recording Systems 

Figure 3: Pinnacle Technology’s 8400 tethered biosensor system for mice features four data 

channels that can be configured to accept up to two  biosensor inputs to measure neurochemical 

activity.  Pinnacle also offers integrated synchronized video and automated sleep deprivation 

systems to accompany tethered and wireless EEG/EMG and biosensor recordings. Shown is the 

full setup which includes an integrated video camera and an 8229 sleep deprivation chamber.  

  

Figure 2: Pinnacle Technology’s wireless potentiostat systems are capable of 

simultaneously transmitting two biosensor data streams (Model 8162) or a combination of two 

EEG, one EMG and one biosensor data stream (Model 8411) from a single rat.  The systems use 

Pinnacle’s head-mounted “Rat Hat” to enclose a stereotaxically-placed guide cannula, a wireless 

potentiostat, and an implanted biosensor.  Up to eight data streams can be received by the 

Pinnacle Technology 8163 base station. Multiple base stations can be placed in one room 

allowing for high capacity studies.  

Figure 11: Long-term in vivo performance of Pinnacle’s lactate (green) and 

glucose (red) biosensors to naturally occurring variations and to multiple 

glucose boluses. Raw biosensor data (untransformed to concentration) are 

shown for eight continuous days.  Data recorded using 2-Bio PAL-8400 

system.  

Figure 10:  In vivo performance of Pinnacle’s lactate (green) and 

glucose (red) biosensors to naturally occurring variations and to a single 

glucose bolus.  Raw biosensor data (untransformed to concentration) are 

shown for 24 hours.  Data were recorded using 2-Bio PAL-8400 system.  

Figure 7: Upper Panel - The NMDA receptor antagonist increases glutamate 

release in the NAc of WT mice, but not NPSR KO mice.  Lower Panel - The 

NPSR antagonist decreases glutamate release in the NAc of WT mice, but 

not NPSR KO mice.  Taken from Aluisio, L., et al., “Knocking Out Addiction: 

Characterizing NPS Antagonism”. Poster Presentation, In Vivo Methods 

2010, Brussels, Belgium. 

Figure 6:  The influence of TTA-A2 (10 mg/kg) on MK-801-induced 

glutamate efflux in the NAc as a function of time (A, C) and area under 

the curve (B, D). Taken from Uslaner, J.M., et al., “T-type calcium channel 

antagonism produces antipsychotic-like effects and reduces stimulant-

induced glutamate release in the nucleus accumbens of rats”, 

Neuropharmacology (2011), in press. 

Figure 9:  (A) Glutamate levels (solid line) during a stimulation (dashed line) 

from a single anesthetized rat. (B) Average±S.E.M. measured glutamate 

levels (dashed line±grey shading) for all 5 rats used to generate the transfer 

function. The predicted glutamate response to PRBS stimulation is indicated 

by the solid line.  Taken from Behrend et al., “Toward feedback controlled 

deep brain stimulation: Dynamics of glutamate release in the subthalamic 

nucleus in rats” J. Neurosci. Methods 180 (2009) 278–289. 

Figure 8:  Glutamate level comparisons following soman-induced 

seizures with standard medical countermeasures plus either no adjunct 

or procyclidine.  Procyclidine controlled seizures with an average latency 

of 71 min after treatment, and glutamate concentrations fall back to 

baseline in parallel with seizure termination.  Taken from Guarisco et al., 

“Evaluation of delayed treatment with novel nerve agent anticonvulsants 

and their effects on brain glutamate concentration in a rat model”, Poster 

Presentation at The 2010 Chemical Biological Defense Science and 

Technology Conference, Orlando, Fl.   

Mid-term: 

• Pinnacle is developing a three-channel 

potentiostat and a corresponding multiple-

barreled cannula to enable the concurrent 

measurement of multiple analytes. 

Long-term: 

• Pinnacle plans to transition its biosensors to humans.  

• Key additional steps: 

• High quality, high purity, high activity enzymes for use in 

biosensor fabrication. 

• Designer enzymes for new and novel biosensor applications for 

which no enzyme currently exists. 

• Use of other enzyme classes for biosensor applications. 

• Defined relationships between implantation site and systemic 

analyte levels. 

• In collaboration with researchers at The University of Kansas, 

Pinnacle is developing a new class of 30 micron biosensors 

designed as robust in vivo as the current design, but with a 

smaller footprint.   

Figure 12 

 

   
Figure 13:  SEM images of a fully formed prototype glucose sensor incorporating the (a) tapered capillary 

with a 30 µm diameter tip, (b) a Pt wire inserted into the capillary and etched to yield a cavity of 3-10 µm in 
depth for placement of the biorecognition element and (c) electrophoretically deposited enzyme-modified 
magnetic nanoparticles (the biorecognition element).  Note that the magnetic nanoparticles are directly on 
top of the etched Pt surface, and that no air bubbles exist between the particles and the Pt. 


