CRONICON

OPEN ACCESS

EC CLINICAL AND MEDICAL CASE REPORTS
Review Article

Nobel Prizes on the Border of Medicine and Natural Sciences:
Elective Discipline for Students of Higher Medical Institutions

Alexander Chalyi*, Dmytro Lukomsky, Olena Chaika and Olena Zaitseva

Department of Medical and Biological Physics and Informatics, Bogomolets National Medical University, Kyiv, Ukraine

*Corresponding Author: Alexander Chalyi, Professor, Head of Department of Medical and Biological Physics and Informatics,
Bogomolets National Medical University, Kyiv, Ukraine.
Received: July 04, 2022; Published: July 27, 2022

Abstract

In the present article we discuss the structure of the elective course “Modern problems of biophysics: Nobel Prizes for outstanding
achievements of natural sciences in medicine” which is taught in the Department of Medical and Biological Physics and Informatics
of the Bogomolets National Medical University. Here we present the topics of lectures that are assisted by practical classes where we

discuss important achievements of the natural sciences that help us to understand better, how human organism operates.
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Introduction

Coverage of current issues of biophysics, physiology and medicine is an important aspect of training future medical professionals.
«Modern problems of biophysics: Nobel Prizes for outstanding achievements of natural sciences in medicine» is an elective course taught
at the Department of Medical and Biological Physics and Informatics of the Bogomolets National Medical University. The most interesting
issues of biophysics, physiology and medicine are discussed on lectures and practical classes of this discipline, namely, those for which the
Nobel Prizes were awarded. The main goal is to interest the students and to form a natural-scientific picture of the world in them, where

medicine is integrated into the system of natural sciences.

Basic structure of the elective course «Modern problems of biophysics: Nobel Prizes for outstanding achievements of natural

sciences in medicine»

”

Thus, the topic of the first lecture of the course is “Fundamentals of synergetics: integration processes “medicine - natural sciences™”.
Here, among others [1], we discuss the achievements of John O’Keefe, May-Britt and Edward Moser [2], who received the Nobel Prize in
Physiology and Medicine in 2014 for the discovery of the so-called “place” and “grid” brain cells responsible for the system of human and
animal orientation in space. Having also studied mathematics, statistics and programming at a professional level, Edward Moser offered
an explanation of the origin of grid cells in the brain, surprising in its scientific insight. The main idea of this explanation was to use the
analogy of hexagonal structures of grid cells in the brain of humans and animals [3-7] and the vortex structure in type Il superconductors,

being discovered earlier in the so-called vortices by Alexei Abrikosov, 2003 Nobel laureate in Physics [8].

Recently, one of the authors of this article proposed a somewhat different approach to explaining the appearance of hexagons near the
bifurcation (critical) points [9]. This approach is conceptually close to the one mentioned above, since it also uses modern achievements
in the physics of phase transitions. In particular, the expression for free energy of order-parameter fluctuations called the Ginzburg-
Landau Hamiltonian [10], both were Nobel Prize winners in Physics - Lev Landau in 1962 and Vitaly Ginzburg in 2003. Note that the

order parameter is the main quantity describing the symmetry of the system under study, while fluctuations are random deviations of
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any quantity (say, the density or the temperature) from its average values. At the same time, these two approaches to explaining the basic

cause of the emergence of hexagonal structures in the grid cells system have significant differences.
The later approach takes into account such specific and important features of the processes occurring in the brain:

(a) The interaction of neurons which has both an electrical and biochemical nature of the processes of generation and propagation of
the action potential (AP), in other words, “the firing AP” [1,2];

(b) Use of the thermodynamic theory of chemically reacting systems developed by Theophile de Donder [11] and Ilya Prigogine [12],
1977 Nobel laureate in Chemistry, according to which the coordinate (degree of completeness) should play the role of the order
parameter, and the affinity being the conjugated (in the thermodynamic sense) quantity for the chemically reacting system (see
also [9,13]);

(c) Application of synergetic methods [14-16] to trasfer Hermann Haken'’s results, obtained for a physical system of hexagonal Benard
cells arising in a viscous fluid with vertical temperature gradients near the boundary of hydrodynamic stability when the Rayleigh

number reaches its critical value, to a seemingly completely different neurophysiological system of grid cells in the brain.

The final difference is related to the universality classes uniting systems of different nature that have the same behavior near
bifurcation (critical) points (see, for example, a review article [16]). Most likely, the biochemically reacting system of neurons in the brain
belongs (unlike type Il superconductors) to the same class of universality as the real fluid near the liquid-vapor critical point. The three-
dimensional (3D) Ising model in an external magnetic field belongs to the same class of universality. All three above-mentioned systems
are different in nature, but are characterized by the same critical behavior near their phase transition (bifurcation) points, namely: 1)
they have the same dimension 77 = 1 of the scalar order parameter, 2) they have the same spatial dimension D = 3, 3) they have a short-
range intermolecular potential, and 4) they are described by the Ginzburg-Landau Hamiltonian being identical in their functional form

with odd (cubic) nonlinear term in the order parameter.

Next, we discuss the physical basis of the processes of perception and processing of information by the organs of sight, hearing and
smell. Namely, works on the diopter of the eye by Alvar Gulstrand; discoveries related to the primary physiological and chemical visual
processes in the eye by Ragnar Granit, Holden Hartline, Georg Wald, as well as discoveries concerning the principles of information
processing in the visual system by David Hunter Hubel and Thorsten Wiesel [6] are discussed. With regard to hearing, we pay attention
to the discovery of the physical mechanisms of perception of stimuli by the cochlea by Georg von Bekeshi. We also study the principles of
organization of the olfactory system and the study of olfactory receptors by Richard Excel and Linda Buck [7].

Next, we discuss the physical basis of the processes of perception and processing of information by the organs of sight, hearing and
smell. Namely, works on the diopter of the eye by 1911 Nobel laureate in Physiology and Medicine Alvar Gulstrand; discoveries related to
the primary physiological and chemical visual processes in the eye by Ragnar Granit, Holden Hartline, Georg Wald (1967 Nobel laureates
in Physiology and Medicine), as well as discoveries concerning the principles of information processing in the visual system by 1981
Nobel laureates in Physiology and Medicine David Hunter Hubel and Thorsten Wiesel [18] are discussed. With regard to hearing, we pay
attention to the discovery of the physical mechanisms of perception of stimuli by the cochlea by Georg von Bekeshi, 1961 Nobel laureate
in Physiology and Medicine. We also study the principles of organization of the olfactory system and the study of olfactory receptors by
2004 Nobel laureates in Physiology and Medicine Richard Excel and Linda Buck [19].

Next, we discuss the process of synaptic transmission, which has several important stages: the delivery of vesicles into the presynaptic
region, the excitation of a nerve impulse and its transmission along the neuron. James Rothman, Randy Shekman, Thomas Sudhoff

were awarded the Nobel Prize in Physiology and Medicine in 2013 for discovering the mechanisms of regulation of vesicle delivery, the
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main transport system of our cells [20,21]. The Nobel Prize in Physiology and Medicine for discoveries concerning ionic mechanisms of
excitation and inhibition in the peripheral and central regions of the nerve cell membrane was given to John Eccles, Alan Hodgkin, Andrew
Fielding Huxley [22,23] in 1963. Also, Arvid Carlsson, Paul Greenhard, Eric Kendel became Nobel laureates in Physiology and Medicine in
2000 for discoveries concerning signaling in the nervous system [24,25].

Conclusion

We summarize our course by discussing and modeling the process of synaptic transmission, because the problem of intercellular
interaction is as important for living nature as the problem of intermolecular interaction for inanimate nature. Indeed, intercellular
interaction is an extremely important process for the normal functioning of the living being, which allows to coordinate the work of a very
large population of cells. It should be noted that the process of intercellular interaction underlies the process of thinking - perhaps the

most important difference between living and inanimate nature [26-28].

Bibliography

1. Medical and Biological Physics/Textbook for students of higher medical universities, Edited by A. Chalyi, 4" edition, Nova Knyga, Vin-
nytsia (2020).

2. ] O'Keefe., et al. “The Nobel Prize in Physiology or Medicine”. Nobel Prize. org. Nobel Media AB 2020 (2014).
3. ] O’Keefe. “Place units in the hippoccampus of the freely moving rat”. Experimental Neurology 51 (1976): 78-1009.
4. T Hafting,, et al. “Microstructure of a spatial map in the entorhinal cortex”. Nature 436 (2005): 801-806.

5. F Sargolini,, et al. “Conjunctive representation of position, direction, and velocity in the entorhinal cortex”. Science 312 (2006): 758-
762.

6. ] Jacobs, et al. “Direct recording of grid-like neuronal activity in human spatial navigation”. Nature Neuroscience 16 (2013): 1188-
1190.

7. EIMoser, et al. “Grid cells ans cortial representation”. Nature Reviews Neuroscience 15.7 (2014): 466-481.

8. AA Abrikosov. “On the magnetic properties of superconductors of the second group”. Journal of Experimental and Theoretical Physics
5(1957): 1174.

9. AV Chalyi. “Synergetic dialogue “physics - medicine”: Hexagons in living and inanimate nature”. Journal of Molecular Liquids 329
(2021): 114248.

10. VL Ginzburg and LD Landau. “On the theory of superconductivity”. Journal of Experimental and Theoretical Physics 20 (1950): 1064-
1082.

11. ThE de Donder. “Thermodynamic Theory of Affinity: A Book of Principles”. Oxford University Press, Oxford (1936).
12. [ Prigogine. “The Molecular Theory of Solutions”. North Holland Publishing Company, Amsterdam (1957).

13. AV Chalyi,, et al. “The fluctuation mechanism of the formation of spatio-temporal structures in chemically active systems”. In: Proceed-
ings of I International Workshop on Nonlinear and Turbulent Processes in Physics, Gordon and Breach, New York (1984): 719-730.

Citation: Alexander Chalyi., et al. “Nobel Prizes on the Border of Medicine and Natural Sciences: Elective Discipline for Students of Higher
Medical Institutions”. EC Clinical and Medical Case Reports 5.8 (2022): 29-32.


https://issuu.com/novaknyha/docs/1967r
https://issuu.com/novaknyha/docs/1967r
https://pubmed.ncbi.nlm.nih.gov/1261644/
file:///F:/Not%20Uploaded/ECCMC/ECCMC-22-RW-231/Microstructure%20of%20a%20spatial%20map%20in%20the%20entorhinal%20cortex
https://pubmed.ncbi.nlm.nih.gov/16675704/
https://pubmed.ncbi.nlm.nih.gov/16675704/
https://www.nature.com/articles/nn.3466
https://www.nature.com/articles/nn.3466
https://www.nature.com/articles/nrn3766
http://www.w2agz.com/Library/Classic%20Papers%20in%20Superconductivity/Abrikosov,%20Type%20II%20Superconductivity,%20Sov-Phys%20JETP%205,%201174%20(1957).pdf
http://www.w2agz.com/Library/Classic%20Papers%20in%20Superconductivity/Abrikosov,%20Type%20II%20Superconductivity,%20Sov-Phys%20JETP%205,%201174%20(1957).pdf
https://www.sciencedirect.com/science/article/abs/pii/S0167732220350352
https://www.sciencedirect.com/science/article/abs/pii/S0167732220350352
https://link.springer.com/chapter/10.1007/978-3-540-68008-6_4
https://link.springer.com/chapter/10.1007/978-3-540-68008-6_4
https://pubs.acs.org/doi/pdf/10.1021/ed015p98.2
https://pubs.acs.org/doi/10.1021/ja01545a075

Nobel Prizes on the Border of Medicine and Natural Sciences: Elective Discipline for Students of Higher Medical Institutions

32

14. H Haken Synergetics. An Introduction. Nonequilibrium Phase Transitions and Self-Organization in Physics, Chemistry and Biology,
Springer-Verlag, Berlin, Heidelberg, New York (1978).

15. H Haken. “Advanced Synergetics”. Instability Hierarchies of Self-Organizating Systems and Devices, Springer-Verlag, Berlin, Heidel-
berg, New York, Tokyo (1983).

16. AV Chalyi. Synergetic Processes of Education and Science, Bogomolets National Medical University, Kyiv (2000).

17. AV Chalyi,, et al. Universality classes and critical phenomena in confined liquid systems, Condensed Matter Physics 16 (2013): 23008-
23017.

18. DH Hubel and TN Wiesel. “Brain and Visual Perception: The Story of a 25-Year Collaboration”. Oxford University Press, Oxford (2004).

19. L Buckand R Axel. “A novel multigene family may encode odorant receptors: a molecular basis for odor recognition”. Cell 65.1 (1991):
175-187.

20. CAKaiser and R Schekman. “Distinct sets of SEC genes govern transport vesicle formation and fusion early in the secretory pathway”.
Cell 61 (1990): 723-733.

21. Y Hata, et al. “Synaptic vesicle fusion complex contains unc-18 homologue bound to syntaxin”. Nature 366 (1993): 347-351.

22. AL Hodgkin and AF Huxley. “A quantitative description of membrane current and its application to conduction and excitation in
nerve”. The Journal of Physiology 117.4 (1952): 500-544.

23. ] Eccles,, et al. “Nobel Lectures, Physiology or Medicine 1963-1970". Elsevier Publishing Company, Butterworth-Heinemann, Amster-
dam, Boston (1972).

24. ER Kandel. “The Age of Insight: The Quest to Understand the Unconscious in Art, Mind, and Brain, from Vienna 1900 to the Present”.
Random House (2012).

25. ER Kandel. “Reductionism in Art and Brain Science: Bridging the Two Cultures”. Columbia University Press, New York (2016).

26. AV Chalyi,, et al. “Synaptic transmission as a cooperative phenomenon in confined systems”. Condenced Matter Physics 20.1 (2017):
13804.

27. AV Chalyi and AN Vasilev. “Trigger regime of the functioning of the synaptic channel”. Biophysics 55 (2010): 600.

28. AV Chalyi and AN Vasilev. “Cooperative Operation Mode of the Synaptic Channel”. Ukrainian Journal of Physics 54 (2009): 1183.

Volume 5 Issue 8 August 2022
©All rights reserved by Alexander Chalyi., et al.

Citation: Alexander Chalyi., et al. “Nobel Prizes on the Border of Medicine and Natural Sciences: Elective Discipline for Students of Higher
Medical Institutions”. EC Clinical and Medical Case Reports 5.8 (2022): 29-32.


https://link.springer.com/book/10.1007/978-3-642-96469-5
https://link.springer.com/book/10.1007/978-3-642-96469-5
https://link.springer.com/book/10.1007/978-3-642-45553-7
https://link.springer.com/book/10.1007/978-3-642-45553-7
https://www.icmp.lviv.ua/journal/zbirnyk.74/23008/art23008.pdf
https://www.icmp.lviv.ua/journal/zbirnyk.74/23008/art23008.pdf
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780195176186.001.0001/acprof-9780195176186
https://pubmed.ncbi.nlm.nih.gov/1840504/
https://pubmed.ncbi.nlm.nih.gov/1840504/
https://pubmed.ncbi.nlm.nih.gov/2188733/
https://pubmed.ncbi.nlm.nih.gov/2188733/
http://europepmc.org/article/MED/8247129
https://pubmed.ncbi.nlm.nih.gov/12991237/
https://pubmed.ncbi.nlm.nih.gov/12991237/
https://www.jstor.org/stable/10.7312/kand17962
https://www.researchgate.net/publication/315709992_Synaptic_transmission_as_a_cooperative_phenomenon_in_confined_systems
https://www.researchgate.net/publication/315709992_Synaptic_transmission_as_a_cooperative_phenomenon_in_confined_systems
https://pubmed.ncbi.nlm.nih.gov/20968080/
https://www.researchgate.net/publication/285959225_Cooperative_operation_mode_of_a_synaptic_channel

	_GoBack
	_GoBack

