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Proposal Narrative 

Abstract 
Raman spectroscopy is a promising tool to identify changes in cells due to radiation or zero 
gravity. Humans continue to travel farther into space, exposing themselves to the harmful 
effects of radiation and zero gravity. Many methods are being explored at the biological level to 
reduce the harmful effects of space travel, and to assess these methods, powerful devices are 
needed to detect the changes to cells after exposure to the damaging effects of space. For 
many years, Raman spectroscopy has been used to analyze the interactions of the bonds of 
molecules within cells. This technique could be used to pick up cell differences due to radiation 
and zero gravity that current molecular and spectroscopy techniques cannot detect. Here, we 
propose using Raman spectroscopy on C2C12 mouse muscle cells exposed to both radiation 
and simulated zero gravity to provide rich data on how radiation and zero gravity affect these 
cells. This analysis could provide meaningful insights for researchers aiming to reduce the 
harmful effects of space travel. 
 
Background 

For centuries, humans have been intrigued with space exploration. In recent years with the 
ever-growing space technologies, humans have been able to travel farther and faster into space 
than ever before. However, the increase in distance traveled is not free from harmful side 
effects. Astronauts during missions are constantly exposed to harmful radiation as well as zero 
gravity, which limit the amount of time they can spend in space. Radiation has many damaging 
effects, such as hindering the mitosis of satellite cells, which decreases cell regeneration, and 
causing a range of muscle diseases, including muscle atrophy [1], [2] . Modifications to 
spacecraft have been made in order to decrease the exposure of radiation and the effects of 
zero gravity, including faster propulsion and better shielding on the spacecraft. However, these 
implementations to reduce the harmful effects of radiation are insufficient, which has lead 
researchers to identify other ways to reduce the harmful effects of radiation.   
 
In order for researchers to make advancements in this area, it is important for them to 
understand if they are actually reducing radiation damage. Due to the difficulty of detecting 
small changes, like damage from radiation within a cell, I propose to explore Raman 
spectroscopy as a way to analyze the effects of radiation and zero gravity on cells. Raman 
spectroscopy works by focusing a wavelength monochromatic laser onto a sample. The majority 
of this light is scattered and will contain the same energy level as the incident light, which is 
known as Rayleigh scattering. However, a small amount of this light is scattered at a different 
wavelength and is known as Raman scattering. This change in wavelength from excitation and 
emission wavelengths represent changes in the molecular vibrations of the sample, which 
differs in each sample due to the distinctive interactions of each molecule. The combination of 
this scattered light and the associated intensities is known as a Raman signature and can be 
used to identify differences among samples [3].     
 
 
 



 
 

Raman has the power to produce rich information on the chemical and morphological makeup 
of extremely small samples. Raman also helps maintain the purity of the sample since there is 
no need to label the sample with a fluorescent tag or dye prior to examination, which allows 
the sample to be reused and reduces the time spent preparing the sample. Some spectra 
gathering technologies, such as absorbance infrared spectroscopy and near infrared 
spectroscopy, are greatly hindered by samples that are either in an aqueous solution, or like 
cells, contain an aqueous solution. This is due to the solution’s spectra being gathered with the 
sample’s spectra, which makes it difficult to distinguish if the resulting spectrum is from the 
aqueous solution or from the sample. However, with Raman spectroscopy this is not an issue 
since water does not give off a Raman signature [4]. For these reasons, among others, Raman is 
an ideal choice for analyzing biological samples.   
 
Many research groups have used Raman to analyze biological samples and have yielded positive 
results [4], [5]. The use of Raman spectroscopy to identify small differences between cells 
provides evidence that the technique could be used to analyze changes to C2C12 cells due to 
radiation and zero gravity. Currently, a PhD student in Biological Engineering at Utah State 
University is studying how to reduce the effects of radiation in C2C12 mouse muscle cells. With 
these cells, he is simulating a zero-gravity environment by placing the cells in a state of constant 
free fall and exposing the cells to radiation equivalent to what an astronaut would be exposed 
to on the International Space Station. This data provides an ideal opportunity to utilize Raman 
spectroscopy to detect the specific effects of radiation that he has been unable to detect using 
other molecular and spectroscopy methods.    
 
Hypothesis 

Raman spectroscopy can be employed to detect changes due to irradiation and zero gravity in 
C2C12 mouse muscle cells.   
 
Methods 
 

1) Understand the molecular bonds of C2C12 mouse muscle cells under normal conditions 
 

The molecular bonds of C2C12 mouse muscle cells must be understood to recognize how 
the effects of irradiation and free fall alter cells. This knowledge will be crucial when 
comparing Raman signatures from irradiated cells and/or cells in free fall to that of a control 
group, since the Raman signatures reflect differences in molecular bonds. Throughout this 
experiment, an extensive, ongoing literature review will be conducted to ensure the 
resulting data from the Raman analyses is understood. 
 

  



 
 

Table 1: This table illustrates four groups of cells that will be exposed to various 
conditions. Note that group 1 is the “control” group that is not exposed to radiation or 
to simulated zero gravity. 

2) Prepare the samples for Raman analysis 
 

C2C12 mouse muscle cells, previously exposed to the conditions stated in Table 1, will be 
received from the aforementioned PhD student for Raman analysis. Cells in groups 2 and 4, 
illustrated in Table 1, take the longest time to grow, due to the time needed to simulate the 
zero gravity environment and radiation effects of space, and as such, will be received 
approximately every two weeks. Thus, all cells will be grown for that length of time, to avoid 
possible growth time confounding, and Raman analysis will be performed every two weeks.  
 
 
 
 
 
 
  
  

 
 
 
 
 
However, additional preparation of the cells will be needed prior to conducting Raman 
analysis. Cells grown in the free fall state will either be encapsulated in alginate beads or 
grown on microcarrier beads. If the cells are encapsulated in alginate, the cells will first 
need to be removed to separate them from the alginate, since alginate contains a Raman 
signature that would interfere with the Raman signature of the C2C12 cells. If the cells are 
grown on microcarrier beads, the cells would also need to be extracted because it is difficult 
to analyze a 3D sample under a microscope. Additionally, all cells received will be washed to 
separate the cells from the liquid media that the cells are grown in, since the media 
contains components, other than water, that have an interfering Raman signature. The cells 
will then be fixed to a quartz slide, which is shown to have a low Raman signature that will 
not interfere with the Raman signature of the samples. 
 

3) Collect Raman signatures  
 

Once the cells have been adequately prepared, the Raman signatures of the samples will be 
collected using a Renishaw InVia Raman microscope located in the Engineering Laboratory 
building at Utah State University, as seen in Figure 1. Since it is impossible to collect data 
from each cell on the entire quartz slide, the microscope will be aligned to several different 
positions to ensure the resulting data will be representative of the entire quartz slide. At 
each position, the Raman data will be collected and put into readable formats for analysis 
using the Renishaw Wire software. To achieve sufficient statistical power to detect any 
possible significant differences in the cells grown under the conditions shown in Table 1, 
this process will be repeated approximately once every two weeks, as the cells are 
available, over a span of 4 months. 



 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
4) Data analysis 

 

Multivariate methods will be used to test if there are any statistically significant 
differences between the four groups of cells outlined in Table 1. Principle component 
analysis (PCA) and linear discriminant analysis (LDA) are two specific methods that will 
be used since they have produced good results in similar research [6]. 

 
Benefits 
 

By accomplishing this project, an outlined technique of how to analyze C2C12 mouse muscle 
cells with the Raman microscope will be available, which other researchers may utilize. This 
project will also benefit the PhD student previously mentioned by providing data that could 
elevate his research. Perhaps most importantly, this project will give me meaningful experience 
as a researcher and provide me with a unique opportunity to learn the methodologies of a 
specific field of study. 
 
  

Figure 1: Renishaw Invia Microscope located in the Engineering Lab building 
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Educational	  Plan	  
 

1)   Understand	  how	  to	  better	  conduct	  a	  literature	  review	  and	  become	  more	  familiar	  
with	  the	  research	  process	  

2)   Learn	  how	  to	  use	  the	  Renishaw	  InVia	  Raman	  microscope	  and	  how	  to	  analyze	  the	  
resulting	  Raman	  spectroscopy	  data	  

3)   Obtain	  experience	  writing	  and	  presenting	  my	  research	  to	  others	  in	  a	  formal	  setting	  
 
	  


