
Accepted Manuscript

Title: The influence of carbon-encapsulated iron nanoparticles
on elastic modulus of living human mesenchymal stem cells
examined by atomic force microscopy

Authors: Ida Dulinska-Molak, Adrian Chlanda, Jasmine Li,
Xinlong Wang, Michal Bystrzejewski, Naoki Kawazoe,
Guoping Chen, Wojciech Swieszkowski

PII: S0968-4328(17)30463-8
DOI: https://doi.org/10.1016/j.micron.2018.02.006
Reference: JMIC 2531

To appear in: Micron

Received date: 7-1-2018
Revised date: 15-2-2018
Accepted date: 18-2-2018

Please cite this article as: Dulinska-Molak, Ida, Chlanda, Adrian, Li, Jasmine, Wang,
Xinlong, Bystrzejewski, Michal, Kawazoe, Naoki, Chen, Guoping, Swieszkowski,
Wojciech, The influence of carbon-encapsulated iron nanoparticles on elastic modulus
of living human mesenchymal stem cells examined by atomic force microscopy.Micron
https://doi.org/10.1016/j.micron.2018.02.006

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.micron.2018.02.006
https://doi.org/10.1016/j.micron.2018.02.006


The influence of carbon-encapsulated iron nanoparticles on elastic modulus of living human 

mesenchymal stem cells examined by atomic force microscopy 

Ida Dulinska-Molaka,b, Adrian Chlandaa, Jasmine Lib, Xinlong Wangb, Michal Bystrzejewskic, 

Naoki Kawazoeb, Guoping Chenb, Wojciech Swieszkowskia 

a. Warsaw University of Technology, Faculty of Materials Science and Engineering, 

Woloska 141, 02-507, Warsaw, Poland. 

b.  Research Center for Functional Materials National Institute for Materials Science, 1-1 

Namiki, Tsukuba, Ibaraki 305-0044, Japan 

c. Warsaw University, Faculty of Chemistry, Department of Physical Chemistry, 02-093, 

Warsaw, Poland 

* Corresponding author. phone: +48 (22) 662 31 58, Warsaw University of Technology, 

Faculty of Materials Science and Engineering, Woloska 141, 02-507, Warsaw, Poland, email: 

ida.dulinska@gmail.com (Ida Dulińska-Molak) 

 

 

HIGHLIGHTS 

 Three types of carbon-encapsulated iron nanoparticles (CEINs) were synthesized and 

investigated their impact on cellular changes by atomic force microscopy (AFM).  

 A significant difference of Young’s modulus of the cells was revealed, even at low 

concentration of nanoparticles.  

 The AFM measurement proved to be a useful tool not only for visualization, but also 

for identification of local cellular changes at the nanoscale after exposure to carbon-

encapsulated iron nanoparticles. 

 

 

Abstract 

Nanomaterials and nanoparticles are regarded as promising candidates for various biomedical 

applications due to their unique physicochemical properties. In this study, three types of 

carbon-encapsulated iron nanoparticles (CEINs) were synthesized and their impact on cellular 

changes was investigated by atomic force microscopy (AFM). The AFM experiment was 

additionally compared with conventional methods, such as colorimetric assay and other 

microscopic techniques. A significant difference of reduced Young’s modulus of the cells was 

revealed, even at low concentration of nanoparticles in the culture medium. The AFM 

measurement proved to be a useful tool not only for visualization, but also for identification 
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