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Simulation of Myelinated Axons of Brain Nerve Cells as an optical waveguide 
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Abstract- Information transmission and processing are playing an essential role in the neural system, which 

can be done by electrochemical signals produced in ion channels or known biophotons in the nerve cell. One 

of the challenges that researchers face is finding the path of photon transmission in the nerve cell. Myelinated 

axons are a good candidate for transmitting signals and photons due to their waveguide structure. On the other 

hand, with the emergence of diseases such as MS and disorders in the production and transmission of nerve 

signals due to the demyelination, Understanding the properties of the myelinated axon as a waveguide is getting 

more important. In this paper, a better understanding of neural signaling in the myelinated axon as a waveguide 

and use its results to enhance optical methods such as optogenetics, light transmission by considering the 

paranode region, the Ranvier node, and the demyelination of myelin sheath in nerve fiber are investigated. 

Keywords: Nerve fiber, Myelinated axons, Photon transmission, Waveguide.
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1 Myelinated Axon 
2 Ranvier Node 

3 Demyelination 
4 Finite Integration Technique: FIT 

5 Paranode 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

4-
04

-2
0 

] 

                               2 / 3

http://opsi.ir/article-1-2492-en.html


 ��4�5�6 ��� 7���8�� 	
93������
:- 6 ���� 1400 –  #�&�?@ 3 ��
9 /�0A43B@ /�5A����CAD� �
DE  

9 

���� ����� �� �	
�� ��� ��
� �� �� ��� �
���� /http://opsi.ir ��
� ������ ��
�. 

  

  
(a	�) (f) 

%0E2-  �,,]� �,g
� �������  ;�+ ���%��  1���B �
$�%� ����,>,� 1�=�@,>,� 1�=�@ (a	�) ������ ��  ����� ���%��]3[  (f)a,+  ;
��%�

1���B  

1@ �/��� � �����7 �
7�� ���0� �� ����,,]� *���%�� ��  ;�+ �,,]� 
��� �
D�� 
7 .��� ;�+ ?��6B��)� �� ���%�� ��  2)f(  q�
�

�� 1���B ;
��%� ?��6B� !�
N� .���@ �=)� c��\��
. 1�=�c��\ !�
N� :� ��3� U��+� A,^� 
� ���� ���� ��  �� 
� 1�=�@ �=)�

��I�� � �'���5 � �=)� �
E� ��3� 
7���5 �D,�% �� ��� ,>,� � *��$,� ��  ;�+ �E�7 �D,�% �� �%�� 1���B � �'���5 � �=)�

 ��3��� ��$,� 1���B ;
��%� �.���  

  

  
(a	�) (f) 

%0E3- ,>,� 1�=�@ 1�� �',>,�� �g� ����� ��� (a	�),>,� 1�=�@��� ��� �',>,�� ]3[ ) (fa,+ 1���B ;
��%�  

��
3,� �
D�� ��
� ��-���,B 1�� �',>,�� �>3. :� �N>�"� �
7MS C
,5 �� ;4�/� ��)� �� �� .��� ��-� �%
��3  �g� �� (f)

�� ��� ����� �,J
% Q� �� ��
"\ �,,]� 
���� ?7
� 1���B ;
��%� *��
"\ ?��6B� 
� .�� f
�:
� �
E� ���$,� 1���B ���0� � ��
�  ��

�� �	�>� o�
/ [�
� �� � �'���5 � c��.���   

�+ ���*��4/ � 8�� �	
�� �� ��,>,� 1�=�@ ���.�� �
7;
'#,� ;
��%� �� ��,>� �h� 1��'� �� ��� a>�"� A���� �� ��-� �
7

 �,g
� � �B�  ���� ����� ������  ��hJ �,,]� *���%�� ��I 1�� �',>,�� � ��
"\.�� ����� ,>,� � ��-� ;�>� ���% �
�B� �/
'� 

�����),� r
,�� �� �� �%���9�� ��<�=,� ���% 1�,�I��� 
� � *����� ��� �� 6]� *Q,�%R��5� Q,')� �� �'��� ���% !
)��^� �
7 �
7

;�>� ���.�� �,�
/ .��,  ���� ��
N��� ���� ��-��� ��-� �
7 �,�� :� ��=�: �
7�
�/
� �� �'��� ���% !�6,(D� �0��� �� �%���

���% �
7 s,t�� ��=�: �
7�6,	 � �� �������� ��
N� �:��%� ,'H37 .��, ;�>� ���% !
,��-/ ��, �� ��-� �
7 �
,=� �
,0� �%���

u,"$� �� ���/��
3,� C
#'7 ��: �
7 �,�� :� ��-� �
7MS .��
�  

I���� 

1. A. Zangari, et. al. Scientific Reports 8(1) 539, (2018). 

2. M.S. Gazzaniga, et. al. Cognitive Neuroscience the Biology of the Mind, W. W. Norton & Company, Ch. 2, (2014). 

3. A. Maghoul, et. al. IEEE Access 9(1) 35399, (2021). 

4. R. Tang, et. al. Journal of Photochemistry and Photobiology B: Biology 139(1) 71, (2014). 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

4-
04

-2
0 

] 

Powered by TCPDF (www.tcpdf.org)

                               3 / 3

http://opsi.ir/article-1-2492-en.html
http://www.tcpdf.org

