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AHoTaNis

CporomHi HayKOBHH CBIT Mae 0arato pi3HOi TEXHIKH UIT MO3KOBOTO BiOOpaXKEHHS 1 JOCHIKEHHS, MPOTE
BAMIp CIEKTPUYHOI MiSUTBHOCTI B PI3HUX MacIITa0ax - ICTOTHA YacTWHA, MO0 PO3YyMITH TNPHHIUIH MO3KOBOTO
¢yuakmionyBanHs. [Ipu poOoTi HepBoBa cucteMa Koxaye iHpopMmamito y GopMi pi3HHUX ENeKTPUYHUX MOMIH - Bif
IHIUBITyalbHUX CHAMKIB (UM MOTEHLIANIB /i), JOKAIbHUX MOTESHI[AIIB IO CKJIAIHUX OCLMIISLIH.

Kiro4uoBi cjioBa: MoJielib POTHO3YBaHHS, 1HAMBIAyalbHA pealiiTalliiiHa mporpaMa, BiIHOBJICHHS, CEPICBO-
CyIUHHI XBOPOOH HE3AaTHOCTI.

Abstract

. Today’s scientific world has many different techniques for brain imaging and investigation, however the
measuring of electrical activity in different scales is essential part to understand the principles of brain functioning.

Nervous system works and codes information in the form of various electrical events: series of individual
spikes, local potentials and up to complex brain oscillations.
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Introduction

Nowadays this field of research undergoes rapid increasing in numbers of channels for recording systems and fast evolution in
hardware and software. Systems that enable recordings in freely behaving animals are typically complex and do not have enough
flexibility. Even rapid growing low-cost open —source systems do not fully correspond to the needs for experiments, which require
animal to be completely freely behaving. Most of such systems work with animals with implanted electrode array and head stages
connected with data acquisition modules by cables and tethers.We present here the concept of low-cost backpack system for
multichannel recordings in freely behaving animals.

Material and methods
System was developed for unit activity and LFP recordings in anaesthetized and freely behaving animals. DAQ-module
powered with mini-battery was designed to be mounted as back-pack in animal and should be connected with electrode array with
flat flex cable
DAQ card for multichannel electrophysiology based on core Intan RHD2132 chip. This chip includes fully integrated low-
noise amplifier array, adjustable analogue filters and 16-bits ADC. ADC operation is 1.05 MSamples per second and supports
sampling 32 amplifier channels at 30 kSamples/s sampling rate for each channelio Also chip includes optional on-chip DSP high-
pass filters for amplifier offset removal and auxiliary ADC inputs for interfacing additional sensors [6].

To test the accuracy of data acquisition we conducted several bench tests. The first stages of system validation were performed
with generated signals. Signals were sent and detected with known signals on the different channels of the system. Tests werecarried
out in different frequency range, sampling rates and connection of electrode array to DAQ card to check the functionality and
accuracy of recordings.

On the next stage system was validated on the anaesthetized rats. 8-channel microware array was implanted in the hippocampal
area of adult Wistar rat. Experiment was carried out in accordance with the National general principles for experiments on animals.
Rat was anaesthetized with ketamine (100 mg/kg) —xylazine (10 mg/kg) as intraperitoneal injection and was given subcutaneous
injection of lidocaine to minimize pain [23]. Craniotomy was made in the projection of right hippocampus (4.2 mm — P, 3.6 mm - L).
Dura was pricked and microelectrode array was implanted. Array consisted of 8 tungsten wire with d = 12 um/each electrode

Electrode array had integrated reference coil and ground wire, which were placed around drilled hole under the skull. Using



custom made micromanipulator, electrode array was moved into the targeted brain area with the 5um step, until stable neural signal
was recorded. Verification of single unit activity was proved with wireless 8-channel system for extracellular electrophysiology [24,
25, 26] with simultaneous visualization of signal on oscilloscopes [29,30].

In the current version, our system does not include several necessary options, such as synchronization with external devices,
visualization of data, spike detection and sorting modules. We plan to expand functionality in the next modifications.

Conclusions

Designed open source low-cost system for multichannel electrophysiology was built on widely used parts and can record
simulated and neural signals with high accuracy. It can be used in different modes for particular experimental requirements. It has
several limitations -lack of memory for stable recordings at high sampling rates, does not have option to be precisely synchronized
with other devices, absence of real-time data visualization and spike detection and sorting functions. Further optimizations of the
system are underway and can overcome most of these limitations to extend the modes of data acquisition and increase experimental
flexibility.

References

[1] Siegle, J. H., Hale, G. J, Newman, J. P., &Voigts, J. (2015). Neural ensemble communities: open-source approaches to hardware for large-scale
electrophysiology. Current opinion in neurobiology, 32, 53-59.

[2] Wagenaar, D., DeMarse, T. B., & Potter, S. M. (2005, March). MeaBench: A toolset for multi-electrode data acquisition and on-line analysis. In Conference
Proceedings. 2nd International IEEE EMBS Conference on Neural Engineering, 2005. (pp. 518-521). IEEE.

[3] Rolston, J. D., Gross, R. E., & Potter, S. M. (2009, September). NeuroRighter: closed-loop multielectrode stimulation and recording for freely moving animals and
cell cultures. In 2009 Annual International Conference of the IEEE Engineering in Medicine and Biology Society (pp. 6489-6492). IEEE.

[4] Newman, J. P., Zeller-Townson, R., Fong, M. F., Arcot Desai, S., Gross, R. E., & Potter, S. M. (2013). Closed-loop, multichannel experimentation using the open-
source NeuroRighter electrophysiology platform. Frontiers in neural circuits, 6, 98.

[5] Laxpati, N. G., Mahmoudi, B., Gutekunst, C. A., Newman, J. P., Zeller-Townson, R., &Gross, R. E. (2014). Real-time in vivo optogeneticneuromodulation and
multielectrodeelectrophysiologic recording with NeuroRighter. Frontiers in neuroengineering, 7, 40.

[6] RHD2000 Series Digital Electrophysiology Interface Chips RHD2116, RHD2132.Intan Technologies, LLC.Avalible from
http://intantech.com/files/Intan_RHD2000_series_datasheet.pdf.

[71 Siegle, J. H., Lépez, A. C., Patel, Y. A.,, Abramov, K., Ohayon, S., &Voigts, J. (2017). Open Ephys: an open-source, plugin-based platform for multichannel
electrophysiology. Journal of neural engineering, 14(4), 045003.

[8] Bennett, C., Gale, S. D., Garrett, M. E., Newton, M. L., Callaway, E. M., Murphy, G. J., & Olsen, S. R. (2019). Higher-order thalamic circuits channel parallel
streams of visual information in mice. Neuron.

[9] Yuzgeg, O., Prsa, M., Zimmermann, R., & Huber, D. (2018). Pupil size coupling to cortical states protects the stability of deep sleep via parasympathetic
modulation. Current Biology, 28(3), 392-400.

[10] Ghomashchi, A., Zheng, Z., Majaj, N., Trumpis, M., Kiorpes, L., &Viventi, J. (2014, August). A low-cost, open-source, wireless electrophysiology system. In 2014
36th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (pp. 3138-3141). IEEE.

[11] Wang, J., Trumpis, M., Insanally, M., Froemke, R., &Viventi, J. (2014, August). A low-cost, multiplexed electrophysiology system for chronic tECoG recordings in
rodents. In 2014 36th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (pp. 5256-5259). IEEE.

[12] Alam, M., Chen, X., & Fernandez, E. (2013). A low-cost multichannel wireless neural stimulation system for freely roaming animals. Journal of neural
engineering, 10(6), 066010.

[13] Erickson, J. C., Hayes, J. A., Bustamante, M., Joshi, R., Rwagaju, A., Paskaranandavadivel, N., &Angeli, T. R. (2018). Intsy: a low-cost, open-source, wireless
multi-channel bioamplifiersystem. Physiological measurement, 39(3), 035008.

[14] Rotermund, D., Pistor, J., Hoeffmann, J., Schellenberg, T., Boll, D., Tolstosheeva, E.,& Schneider, M. (2017). Open hardware: Towards a fully-wireless sub-cranial
neuro-implant for measuring electrocorticography signals. BioRxiv, 036855.

[15] Kinney, J. P., Bernstein, J. G., Meyer, A. J., Barber, J. B., Bolivar, M., Newbold, B., ... & Boyden, E. S. (2015). A direct-to-drive neural data acquisition
system. Frontiers in neural circuits, 9, 46.

[16] Steinmetz, N. A., Koch, C., Harris, K. D., &Carandini, M. (2018). Challenges and opportunities for large-scale electrophysiology with Neuropixels probes. Current
opinion in neurobiology, 50, 92-100.

[17] Steinmetz, N., Pachitariu, M., Rossant, C., Hunter, M., Burgess, C., Carandini, M., & Harris, K. (2016). Dataset: simultaneous recording with two Neuropixels
Phase3 electrode arrays. CortexLab at UCL.

[18] Juavinett, A. L., Bekheet, G., &Churchland, A. K. (2018). Chronically-implanted Neuropixels probes enable high yield recordings in freely moving mice. BioRxiv,
406074.

[19] Liang, B., & Ye, X. (2016). Towards high-density recording of brain-wide neural activity. SCIENCE CHINA Technological Sciences, 59(59), 1383.

[20] Fan, D., Rich, D., Holtzman, T., Ruther, P., Dalley, J. W., Lopez, A., &Holzhammer, T. (2011). A wireless multi-channel recording system for freely behaving mice
and rats. PloS one, 6(7), €22033.

[21] Vyssotski, A. L., Serkov, A. N., Itskov, P. M., Dell'Omo, G., Latanov, A. V., Wolfer, D. P., &Lipp, H. P. (2006). Miniature neurologers for flying pigeons:
multichannel EEG and action and field potentials in combination with GPS recording. Journal of neurophysiology, 95(2), 1263-1273.

[22] Spivey, R. J., & Bishop, C. M. (2014). An implantable instrument for studying the long-term flight biology of migratory birds. Review of Scientific
Instruments, 85(1), 014301.

[23] Sikes, R. S., &Gannon, W. L. (2011). Guidelines of the American Society of Mammalogists for the use of wild mammals in research. Journal of mammalogy, 92(1),
235-253.

[24] Moroz, V.M, Vlasenko, o.v, Rokunets, L., Yoltukhovskii, M.V., &Yankovskaya, L.V.
(2010).CoupledSpikeActivityinMicropopulationsofMotorCortexNeuronsinRats. Neurophysiology, 42 (2), 110-117.

[25] Vlasenko, O., Chaikovska, O., Rokunets, 1., Wéjcik, W., Pavlov, S. V., &Bazarbayeva, A. (2019, February). Multichannel system for recording myocardial electrical
activity. In Information Technology in Mecial Diagnostics II: Proceedings of the International Scientific Internet Conference “Computer Graphics and Image
Processing" and the XLVIIIth International Scientific and Practical Conference “Application of Lasers in Medicine and Biology", May 2018 (p. 307). CRC Press.

[26] Nosova, Ya.V., Faruk, Kh.l., Avrunin, O.G. A tool for researching respiratory and olfaction disorders. Telecommunications and Radio Engineering. Vol.77 (15),
(2018), P. 1389-1395; DOI: 10.1615/TelecomRadEng.v77.i15.90

[27] A.K. Al_Omari, H.F. Ismail Saied, O.G. Avrunin, Analysis of Changes of the Hydraulic Diameter and Determination of the Air Flow Modes in the Nasal Cavity //
Image Processing & Communications, challenges3, AISC 102. Springer - Verlag Berlin Heidelberg.-2011: P. 303-310.

[28] The value of bilateral simultaneous nasal spirometry in the assessment of patients undergoing septoplasty / G. Fyrmpas, D. Kyrmizakis, V. Vital, J. Constantinidis //
Rhinology. — 2011. — Ne49(3). — P. 297-303.

[29] H.F. Ismail Saied, A.K. Al_Omari, O.G. Avrunin. An Attempt of the Determination of Aerodynamic Characteristics of Nasal Airways// Image Processing &

Communications, challenges3, AISC 102. pp 303-310 Springer-Verlag Berlin Heidelberg.- 2011: P. 311-322.
[30] Wadjcik, W., Pavlov, S., Kalimoldayev, M. (2019). Information Technology in Medical Diagnostics Il. London: Taylor & Francis Group, CRC Press, Balkema
book. — 336 Pages, https://doi.org/10.1201/ 9780429057618


http://intantech.com/files/Intan_RHD2000_series_datasheet.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21858259
https://doi.org/10.1201/%209780429057618

YaiikoBcbka Ouabra - KaHIUIaT MEAWYHHUX HAyK, BIHHUIBPKUN HAI[lOHAIGHUA MEIUYHUN YHIBEPCHUTET,
M.Binnuns.

INonomapenko Ouekcanap — imkeHep kadeapu HopMmaibHOI (izionorii, BiHHMIBKMIA HaliOHAIBHUNA
MeIWYHHUN YHiBepcuTeT, M. BiHHHATIS.
JoBranp OJuiekcaHApP - KaHAMOAT MEOUYHUX HAyK, IONCHT, BIHHWIBKWI HAIIOHANBHUA MEIUIHUN

yHiBepcureT, M.BiHHUTIS.

PakyHeus Irop - xanamagar MemudHUX HAyK, OLEHT, BiHHWIBKWI HaliOHAJHHUA MEIUYHUH YHIBEpCHTET,
M.BinHMIIS.

Buaacenko Ouer — n-p Men. HayK, mpodecop, BiHHUIbKHN HaiOHATHPHUNA MEIUYHUH yHiBepcuTeT, M. BiHHMTIA.

KpuBop’sa3 Ouiena — nokTop (apManeBTHYHUX HAyK, JOLEHT, BIHHWUIBKHHA HaliOHAUIGHUHA MeEIUYHHNA
yHiBepcHUTeT, M. BiHHULIS.

IMaBnoB Cepriii— 1-p TexH. HaykK, npodecop BiHHUIbKIMI HalllOHAILHUN TEXHIYHUH yHiBepcHUTeT, M. BiHHHI.

Olga Chaikovska - Candidate of Medical Sciences, Vinnytisa National Medical University, Vinnytsia.

Olexandr Ponomarenko - Engineer at the Department of Human Physiology, Vinnytisa National Medical
University, Vinnytsia.

Olexandr Dovgan - Candidate of Medical Sciences, associate professor, Vinnytisa National Medical
University, Vinnytsia.

Igor Rokunets - Candidate of Medical Sciences, associate professor, Vinnytisa National Medical University,
Vinnytsia.

Sergii Pavlov - Doctor of Technical Sciences, Professor, Vinnytisa National Technical University, Vinnytsia.

Oleg Vlasenko - Doctor of Medical Sciences, Professor, Vinnytisa National Medical University, Vinnytsia.

Olena Kryvoviaz - Doctor of Sciences, docent, the head of Department of Pharmacy of National Pirogov
Memorial University of Vinnystsia, Vinnytisa National Medical University, Vinnytsia.



