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Introduction 

• Within the central nervous system histamine is a neurotransmitter involved with the 

regulation of sleep and arousal1, emotional memory2, schizophrenia and other psychiatric 

disorders3.  

 

• The ability to simultaneously measure changes in histamine concentration within specific 

brain structures in conjunction with other physiological changes is essential to 

understanding the physiological role of histamine in these disorders. 

 

• To date, histamine detection in the central nervous system has been accomplished using 

microdialysis techniques and associated off-line analysis techniques such as high-

performance liquid chromatography. 

 

• We are developing a biosensor specific for histamine that is suitable for in vivo 

implantation and recording.  

 

• Applying biosensor technologies to the in vivo measurement of histamine may prove to 

be a useable platform for monitoring changes in brain histamine concentration. 

 

• Second-by-second histamine biosensor readings can then be paired with biosensors 

specific for other analytes such as glutamate, lactate or glucose.  

• A Cu(2+)-dependent histamine oxidase is immobilized on the probe surface to convert 

histamine into (imidazol-4-yl)acetaldehyde. H2O2  is produced as an enzymatic by-

product (Figure 1). 

 

• H2O2 is oxidized at the working electrode at an applied potential of 0.6V. 

 

• The inner membrane prevents interfering compounds from reaching the measurement 

surface. 

 

• The integrated design incorporates both the working (Pt-Ir) and reference (Ag/AgCl) 

electrodes in a single, implantable probe. 

 

• Probes are compatible with guide cannulas for use in mice and rats. 

 

• The histamine biosensor demonstrates a linear response to regular histamine injections 

(Figure 2) and does not respond to ascorbate (Figure 3).  

 

Biosensor Construction & Performance 

In Vivo Experimental Methods 

• Histamine biosensors are an excellent tool for acute in vivo experiments lasting 

approximately six to eight hours. 

 

• Histamine biosensors can be used to measure in vivo changes in brain histamine 

concentration. 

 

• Histamine biosensors may be used in conjunction with other biosensors (such as 

glutamate specific biosensors) for simultaneous tracking of neurotransmitters with 

changes in brain histamine concentrations. 

Conclusions 

References 

1 - Zant, J. C., S. Rozov, et al. (2012). "Histamine Release in the Basal Forebrain Mediates Cortical Activation through Cholinergic 

Neurons." J Neurosci 32(38): 13244-13254. 

 

2 - Gianlorenco, A. C., K. R. Serafim, et al. (2012). "Emotional memory consolidation impairment induced by histamine is mediated by 

H(1) but not H(2) receptors." Brain Res Bull. 

 

3 - Ito, C. (2009). "Histamine H3-receptor inverse agonists as novel antipsychotics." Cent Nerv Syst Agents Med Chem 9(2): 132-136. 

In vivo Testing - Results 

Figure 1: Diagram of a biosensor highlighting the primary components 

Biosensor Testing Results 

• A single guide cannula (BASi MD-2255) was implanted in the mPFC region (A: +3.2, L 

+1.5, D: -2.5)  of 4 male Wistar rats.  Following surgery, all rats were allowed a recovery 

period of at least five days.  All procedures were previously approved by the IACUC 

committee of the University of Kansas.  

 

• Following the recovery period, a histamine biosensor was inserted into the guide cannula 

and connected to Pinnacle’s 8172 wireless potentiostat (Figure 4).   

 

• The biosensor stabilized for three hours, at which time the rats were dosed with 

Thioperamide (20 mg/kg IP).  Recordings continued for an additional three hours. 

 

• Following the experiment, biosensors were explanted and immediately calibrated in vitro.  

Figure 6: Example response of an in vivo histamine biosensor to an injection of Thioperamine (20 mg/kg) (red line).   

Figure 2: Linearity response of  four histamine biosensors over a 50 µM (large graph) and a 1000 nM 

(inset) range   

Figure 3: Response of an 

individual histamine 

biosensor to histamine 

(blue arrows) and 

ascorbate (green arrow)    

Discussion 

• Histamine biosensors in vitro demonstrate a linear response from 50 nM to 50 µM. 

 

• In vivo response of histamine sensors demonstrate reliable changes as low as 250 nM. 

 

• Tests are on-going to better characterize in vivo sensor function and determine which 

factors may be influencing biosensor sensitivity.  

 

• We are currently working to modify sensor construction (enzyme + matrix) to improve 

the in vivo limit of detection. 

 

Figure 4: (Left) Diagram of Pinnacle’s 

Model 8172 Wireless Potentiostat. 1) 

Stereotaxically placed guide cannula(s) 

allow for biosensor insertion post-surgery. 

2) The wireless system uses a Rat Hat to 

house the electronics, battery, guide 

cannula, and biosensor.  The Rat Hat 

bottom is affixed to the skull with bone 

screws and dental acrylic.  3) A low-

powered, wireless, potentiostat applies a 

bias and transmits to a paired Bluetooth® 

USB dongle the interfaces with Pinnacle’s 

Sirenia® Acquisition software. 4) The Rat 

Hat top protects the system.   

 

(Right) Rat with the head-mounted 

enclosure. 


