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Nanotechnology deals with skilfully handling and 
controlling particles at the dimension of 10

-9
 

meters. Manipulations of matter can be done at 
supramolecular, molecular and atomic levels for 
ones advantage [1]. Nanotechnology finds 
application in all fields of science including biology 
and medical science. Biological systems pose a 
very complex interaction, either sequential or 
concurrent, of substances at macro, micro and 
nano levels. 

Invention of scanning tunnelling microscope (STM) 
and atomic force microscope (AFM) provided 
visualization of individual atoms and their 
relationship with other atoms in the form of strong 
or weak bonds. During 1990s in the field of life 
sciences especially molecular biology and 
molecular genetics, scientists realized that AFM is 
a resourceful tool which not only acts as 
microscope but can be used for measuring force 
and intervention which has broadened the scope 
of its utility in studying live cells at sub-cellular, 
molecular and sub-molecular level. In combination 
with fluorescence microscopy, AFM can be used 
for recognition of single molecule; interactions and 
adhesions between molecules; and the 
elasticity/stiffness in the living tissue [2].  

Nanophysiology is a science that deals with 
comprehensively understanding complex 
physiological phenomena occurring in an individual 
organism at the molecular level. Strides have been 

made to study these phenomena in-vitro using 
AFM along with other tools. We are in an era of 
rapid technological progress wherein the 
nanotechnology is gaining more and more 
application in medical science—a field known as 
nanomedicine. The applications include synthesis 
of nanomaterials, nanoelectronic biosensors which 
are incorporated in biological devices [3]. We are 
marching towards mankind’s major leap in medical 
sciences where biological machines based on 
molecular nanotechnology will be devised having 
physiological, diagnostic and therapeutic use in-
vivo. 

AFM has been employed in nanophysiology of 
insects [4,5]. In human beings nanophysiological 
approaches have been tried in understanding 
functioning of various systems. Central nervous 
system (CNS) is of prime importance because of 
its complex nature, extremely fast activity and less 
elucidated mechanism. Novel approaches are 
attempted in comprehension of neuronal circuit 
physiology, structural and functional plasticity, and 
in evaluation of in-vitro and in-vivo nanodiagnostic 
tools for neuroimaging [6]. Researchers have used 
nanophysiological approaches in elucidating 
various aspects of neuronal functions like action 
potential (AP) generation, vesicular transport and 
adhering, transmitter release [7,8]. Also neuronal 
mechanism has been studied in receptor cells of 
special senses like inner hair cells of cochlea [9]. 
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Likewise nanophysiological application is adopted 
in understanding of other systems and tissues. For 
example in the study of vascular endothelial 
function [10,11]. 

Role of nanovesicles have been envisaged in 
apoptosis, autophagy, inflammation and 
coagulation and has been studied [12].  

Hence, nanophysiology gives phenomenal 
perspective in real-time for ongoing physiological 
processes in biological systems. Nanophysiology 
holds wider prospects in current time for 
development of futuristic personalized 
nanomedicine. 

Acknowledgments: None 

Conflict of interest: None  

References 
1. Wikipedia. Nanotechnology. Available from 

https://en.wikipedia.org/wiki/Nanotechnology (Last 
accessed June 18, 2018) 

2. Oberleithner H. Nanophysiology: fact or fiction? Pflugers 
Arch. 2008 Apr; 456(1):1-2. PMID: 18239933 DOI: 
10.1007/s00424-008-0464-y 

3. Wikipedia. Nanomedicine. Available from 
https://en.wikipedia.org/wiki/Nanomedicine (Last accessed 
June 18, 2018) 

4. Dokukin ME, Guz NV, Sokolov I. Towards nano-physiology 
of insects with atomic force microscopy. J Insect Physiol. 
2011 Feb; 57(2):260-4. PMID: 21093449 DOI: 
10.1016/j.jinsphys.2010.11.012 

5. Guz NV, Dokukin ME, Sokolov I. Atomic force microscopy 
study of nano-physiological response of ladybird beetles to 
photostimuli. PLoS One. 2010 Sep 22; 5(9):e12834. PMID: 
20877638 DOI: 10.1371/journal.pone.0012834 

6. Ajetunmobi A, Prina-Mello A, Volkov Y, Corvin A, Tropea D. 
Nanotechnologies for the study of the central nervous 
system. Prog Neurobiol. 2014 Dec; 123:18-36. PMID: 
25291406 DOI: 10.1016/j.pneurobio.2014.09.004 

7. Stanley EF. The nanophysiology of fast transmitter release. 
Trends Neurosci. 2016 Mar; 39(3):183-197. PMID: 
26896416 DOI: 10.1016/j.tins.2016.01.005 

8. Holcman D, Yuste R. The new nanophysiology: regulation 
of ionic flow in neuronal subcompartments. Nat Rev 
Neurosci. 2015 Nov; 16(11):685-92. PMID: 26462753 DOI: 
10.1038/nrn4022 

9. Neef J, Urban NT, Ohn TL, Frank T, Jean P, Hell SW, Willig 
KI, Moser T. Quantitative optical nanophysiology of Ca2+ 
signaling at inner hair cell active zones. Nat Commun. 2018 
Jan 18; 9(1):290. PMID: 29348575 DOI: 10.1038/s41467-
017-02612-y 

10. Oberleithner H, Riethmüller C, Schillers H, MacGregor GA, 
de Wardener HE, Hausberg M. Plasma sodium stiffens 
vascular endothelium and reduces nitric oxide release. Proc 
Natl Acad Sci U S A. 2007 Oct 9; 104(41):16281-6. PMID: 
17911245 DOI: 10.1073/pnas.0707791104 

11. Oberleithner H, Callies C, Kusche-Vihrog K, Schillers H, 
Shahin V, Riethmüller C, Macgregor GA, de Wardener HE. 
Potassium softens vascular endothelium and increases 
nitric oxide release. Proc Natl Acad Sci U S A. 2009 Feb 
24; 106(8):2829-34. PMID: 19202069 DOI: 
10.1073/pnas.0813069106 

12. Müller B, Van de Voorde MH, Arun Cumpelik A, Schifferli 

JA. Human nano‐vesicles in physiology and pathology. In: 
Müller B, Van de Voorde M (eds). Nanoscience and 
nanotechnology for human health. Weinheim, Germany: 
Wiley-VCH Verlag GmbH & Co. KGaA, Ch 6, pp.83-96, 
2017. DOI: 10.1002/9783527692057.ch6 

 


