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Elastic modulus, In this investigation, the influences of cancer illness and related treatments on the mechanical
Carcinomatous cell, specifications of rat healthy and cancerous (C6) brain cell were studied using nanoindentation by
Chemo treated, AFM. Chemotherapy as the first treatment was done by Cisplatin anti-cancer drug. The ideal
Plasma treated, concentration of Cisplatin was found by MTT assessment and supposing IC50 cell viability
Atomic force microscope. concentration for 24- and 48-h cultures. The results showed that Young’s modulus of healthy cell

was decreased due to cancer and reached from 17.79 kPa to 2.446 kPa (0.139 times). By chemo
treatment the Young’s modulus increases from 2.446 kPa to 3.482 kPa (1.423 times) and 38.38
kPa (15.691 times) for 24 and 48-h culture times. The second treatment was plasma treatment and
was done for 30 and 60 s for 24 and 48-h culture times. The outcomes showed that applying the
plasma treatment raises rapidly the cell rigidity for 48-h culture time. The results displayed that
the width of rat healthy brain cell was larger than C6 (1.744 times). In the next section, theoretical
and experimental methods were used to obtain the resonant frequencies and amplitude of the
frequency response function of the AFM beam’s motion by supposing cells as specimens. The
outcomes displayed that rising the specimens’ rigidity increases the resonant frequency. As the
result, the resonant frequency of treated cells is bigger than untreated cell. Finally, the FEM and
experimental results were evaluated. The comparison displays good agreement.

Extended Abstract

1. Introduction

onthermal plasma therapy is a treatment method that utilizes plasma, a high-energy state of matter, to

eradicate cancer cells. It is also referred to as plasma medicine or plasma-based therapy [ 1-4]. Nonthermal

plasma is a type of plasma that is created at relatively low temperatures, typically below 100°C. It is also
known as cold plasma or non-equilibrium plasma. Nonthermal plasma is generated by applying a high-voltage
electric field to a gas, which ionizes the gas and creates a plasma. The plasma consists of a mixture of neutral gas
molecules, ions, and free electrons. The temperature of the plasma is determined by the energy of the electrons,
which can be controlled by adjusting the voltage and current of the plasma generator [5]. The therapy involves the
use of a plasma generator to produce a stream of plasma that is directed at the cancer cells. The plasma contains
Reactive Oxygen Species (ROS) and other reactive species that can damage and kill the cancer cells [6-7].
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2. Experimental Method
2.1. Materials

Rat cancerous brain cell (C6) was purchased from the Pasteur Institute of Iran (Tehran, Iran). (Table 1).

Table 1. Bone cells description
Cell line Cell type Cell explanation
Isolated from healthy brain tissue from rat
cloned the cell from a rat glial tumor induced by N-nitrosomethylurea after a series of
alternate culture and animal passages [20]

Normal Normal

C6 Carcinomatous

2.2. Results and discussion for mechanical behavior of rat brain cells

In this study, the effects of cancer illness on the rat healthy cells were discussed. Table 2 displayed that the cell
rigidity decreased from 17.79 kPa to 2.446 kPa (0.139 times) after cancer illness. The chemotherapy raises the
Young’s modulus of C6 cell from 2.446 kPa to 3.482 kPa (1.423 times) and 38.38 kPa (15.691 times) for 24 and
48-h culture times.

Plasma treatment as the second treatment was chosen to treat the cancerous cells. It can be seen that the Young’s
modulus of C6 cell did not change by plasma treatment for 24-h culture time. For 48-h culture time, the plasma
treatment increased the Young’s modulus of C6 cell from 2.466 kPa to 5.736 kPa (2.326 times) and 11.14 kPa
(4.517 times) for 30 and 60-s respectively.

Table 3 displayed the adhesions of rat healthy brain and C6 cells before and after treatments. From the table
it can be obtained that both of the treatments for most of cases did not have any ignorable effects of the adhesion
amounts. In fact, for most of the cases the adhesion amounts were close to C6 cell before and after treatments.

Table 2. Elasticity modules of rat brain cells for extend stroke

Cell line Elasticity (Pa), min Elasticity (Pa), max Elasticity (Pa), mean
Healthy 0 35 17.79
Cé6 0.5 5.5 2.466
C6-CT-24h 0 10 4.842
C6-CT-48h 0 100 38.38
C6-PT-24h, 30s 1 8 2.809
C6-PT-24h, 60s 0.2 1.8 1.011
C6-PT-48h, 30s 1 12 5.736
C6-PT-48h, 60s 0 105 11.14

Table3. Adhesions of rat brain cells for retract stroke

Cell line Adhesion (nN), min Adhesion (nN), max Adhesion (nN), mean
Healthy 0 3 0914
C6 0 1.6 0.949
C6-CT-24h -0.5 3 0.932
C6-CT-48h -1 0.4 0.128
C6-PT-24h, 30s 0.1 0.7 0.217
C6-PT-24h, 60s 0.05 0.65 0.342
C6-PT-48h, 30s -1 3.5 1.081
C6-PT-48h, 60s -0.5 3 0.674

3. Results and discussion for Dynamic Behavior of AFM Beam

Table 4 compares the amounts of resonant frequencies and the amplitude of the FRF for the normal movement
of the AFM cantilever applying FEM (by JPK AFM) methods. The comparison displays convenient agreement
between the both methods.

Table3. Adhesions of rat brain cells for retract stroke

Cell line 15t Resonant Frequency, Hz 2™ Resonant Frequency, Hz 3% Resonant Frequency, Hz
Healthy 9.162% 8.820% 5.962%

C6 9.295% 9.935% 6.565%
C6-CT-24h 8.143% 8.843% 5.034%
C6-CT-48h 8.886% 8.229% 6.031%

C6-PT-24h, 30s 13.077% 9.107% 5.798%
C6-PT-24h, 60s 4.487% 10.647% 5.990%
C6-PT-48h, 30s 3.694% 8.120% 5.931%
C6-PT-48h, 60s 6.683% 5.958% 5.695%
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4. Conclusion

The mechanical specifications of rat normal and cancerous (C6) brain cells were investigated by AFM. Both
of the chemo and plasma treatments have been applied. The chemo treatment was done by Cisplatin anti-cancer
drug for 24 and 48-h culture times. The obtained showed that chemo treatment (24 ad 48-h times) and plasma
treatment (48-h time) increase the cell rigidity and Young’s modulus. During the second section, the theoretical
and experimental methods were used to obtain the resonant frequencies and amplitude of the frequency response
function of the AFM beam’s motion by supposing cells as specimens. The results showed that rising the Young’s
modulus increases the resonant frequency. As the result, the resonant frequency for the treated cells were larger
than untreated cells.
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