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ABSTRACT 

We report the first real-time 
measurement of DNA bundle degrad
condition when exposed to a therape
beam and a theoretical model to d
damages. The Silicon Nano Tweezers
microfluidic system endure the harsh
of radiation beams and still retain m
accuracy. This result paves the w
fundamental and clinical studi
degradation under radiation for im
treatment. 

 
INTRODUCTION 

Tumor cell killing by gamma
cancer radiotherapy is currently base
empirical understanding of the basic m
effectiveness of DNA damage by radiat
other hand, the mechanical behavior 
sequence–sensitivity, elastic vs. plasti
well understood [2]. However, man
usually performed by AFM or opt
instruments that can hardly be place
under radiation beams. 

 
METHODS 

The Silicon Nano Tweezers (SNT
device for direct manipulation of bio
excellent candidate for in-beam operati
tiny size. The SNT (Fig.1) comprise tw
ending with sharp tips, to trap 
dielectrophoresis.  
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Figure 1: Silicon Nanotweezers, c
DNA bundle. 

 
The mobile arm is displac

actuator. The motion is acquired
thus the mechanical characte
molecules (stiffness, viscosity) 
time.  

Figure 2: a) Equivalent damped Os
Frequency response of SNT with an
inside fluidic cavity. 
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SNT’s tips are placed inside a
cavity; and different medium could
stability of the system depend on th
microfluidic aperture. At this dimension
should be controlled by a micro-robot 

 

Figure 3: a),b) Zoom on the SNT + fluidic c
by a micro-robot. The system is under the ra
generated by the CyberKnife head. 
 
The experiments are performed with a
LINAC accelerator mounted on a rob
Department of Radiation Therapy of
Lambret (Fig.4). The SNT inside a
cavity is placed under the Cyberknife. 
beam, delivering an intense 6 MeV
completely encompasses the SNT hol
bundle in the microfluidic cavity. 
 

Figure 4: Overview of the experimental 
CyberKnife machine in Centre Oscar 
France used for the experiments. 
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RESULTS AND DISCUSSI
For all experiments, the SN

microfluidic cavity before the ir
radiation beam is turned on (30G
frequencies and the amplitude o
in Fig.5. First, SNT without DNA
a reference and shown that SNT
to the radiation dose. Then DN
[3], and the system SNT+DNA
time fractionated irradiations
to be able to compare differ
different DNA bundles, the stiffn
the oscillator model (Fig.2) a
equivalent number of DNA
composed the bundle (Fig.5). 

 

Figure 3: 4x30Gy irradiation (4 m
same DNA bundle. Zoom on 2nd irr
fitting. 
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Figure 6: Simulation of a bundle of M fibers
Effective stiffness (real part of the Young mo
number of break (N). It confirms the expone
dependency find during the experiment. 

 
CONCLUSION 
Measurement of DNA damage under ga
was first demonstrated. The repeata
theoretical analysis permit to study the
DNA damage under irradiation for op
treatment. Modeling of the DNA degra
quantify the protocol for clinical researc
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