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Abstract 
          Aplastic Anemia, or Bone Marrow Aplasia, is a rare condition in which a decline or 
complete discontinuation of hematopoietic stem cell production occurs. In Acquired Aplastic 
Anemia, a provoked immune-mediated destruction of hematopoietic stem cells occurs due to a 
precipitating event. Several instances suggest that T-lymphocytes aim and eliminate primitive 
cells capable of developing into hematopoietic stem cells. Therefore, the hematopoietic stem 
cells are unable to replicate themselves. Exposure to radiation, radioactive material, toxic 
chemicals, chemotherapy, certain drugs, and infections may cause Acquired Aplastic Anemia. In 
Hereditary Aplastic Anemia, individuals typically have genetic and inherited issues that 
eventually cause this rare condition. For instance, a few genetic and inherited issues include 
Fanconi Anemia, Shwachman-Diamond Syndrome, Dyskeratosis Congenita, and 
Diamond-Blackfan Anemia. In Acquired Aplastic Anemia and Hereditary Aplastic Anemia, an 
individual faces symptoms including fatigue, dizziness, fever, severe rashes, bleeding, bruising, 
rapid heart rate, frequent infections, pallor, or shortness of breath. Treatments available for 
Aplastic Anemia or Bone Marrow Aplasia are blood transfusion, bone marrow stimulant, 
immunosuppressive drugs, anti-thymocyte globulin, eltrombopag, umbilical cord blood 
transplantation, allogeneic stem-cell transplantation. 

Discovering the various factors involved in Aplastic Anemia would prove beneficial in 
suppressing the mortality rate. To observe its effect, we would conduct experiments testing the 
effect of blood, chemicals/radioactives, and radiation type. The independent variable is the factor 
being tested while the dependent variable is Aplastic Anemia. Our control variables within a 
single experiment will consist of temperature, duration, and two of the following: radiation type, 
chemical type, and blood type. To test radiation we would expose a mouse to various radiation 
types and observe how Aplastic Anemia develops. Testing the effect of different blood types and 
chemical types would be done by injecting stem cells with a specific concentration of a certain 
chemical or blood type into a mouse. For this experiment we would need laboratory mice (Mus 
Musculus), various blood stem cells, Class II Biosafety Cabinet, a Carbon Dioxide Incubator, 
Phase Contrast Microscope, Micropipettes, a vacuum source, Cryogenic Storage Dewar, a 
Laboratory Water Bath, a Low-Speed Centrifuge, Polonium, Radium, Arsenic, Benzene, 
Pesticides, Chloramphenicol, UV Light, and X-Ray Machine. To stay on track in the laboratory, 
we want to finish the factors within a year and analyze data in the next month. 

Regarding Aplastic Anemia bone marrow failure that is (1) non-hereditary, and (2) not 
the result of metastasized cancer or pregnancy, there are few generally available articles about 
causation. Among the few found, current research abstracts exhibit the following: 

1. Patients with certain genetic mutations might do well with immunosuppressive 
therapy. 
2. Next-generation DNA sequencing has discovered novel mutations strongly associated 
with aplastic anemia.   
This research contributes to our hypothesis; if exposure to various types of factors results 

in Aplastic Anemia, and we conduct individual experiments for several factors, then we can 
identify the differences between the effect of the various types of factors on Aplastic Anemia. 
We have no evidence for predicting any conclusions, due to the lack of known similar research. 
However, if we expose enough mice to different substances for long enough, we hope to find that 
at least one of the substances will reliably cause bone marrow destruction and corresponding 
DNA degradation. 
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Introduction 

Around the world, many people are exposed to high levels of radiation. To help prevent 

them from developing Aplastic Anemia, we are finding and testing various factors that may be 

involved. This would enable us to gain a better understanding of this disease and help us prevent 

future cases. An immense issue with Aplastic Anemia is that despite there being a multitude of 

treatments for this disease, regarding severe cases, the mortality rate is almost 70%. With our 

experiment, we hope to reduce this number by decreasing the likelihood of the case being severe. 

By focusing on different factors that play into this disease, we gain a different understanding and 

view. We are looking for other factors and contributors to this disease which may result in the 

ability to control the disease. Instead of focusing on curing Aplastic Anemia, we want to search 

for ways to prevent or reduce the severity of it. We hope to incorporate our knowledge of physics 

and quantum mechanics to visualize how the disease operates and hopefully observe this disease 

from a different perspective. 

As mentioned above in the abstract, exposure to radiation, 

radioactive material, toxic chemicals, chemotherapy, certain 

drugs, and infections may cause Acquired Aplastic Anemia. 

Firstly, these hazardous materials emit photon-like particles that 

have a dual nature of behaving as a continuous quantity (e.g. 

wave) and a quantum quantity (e.g. particle); also known as the essential concept of 

wave-particle duality evolved from electromagnetics into quantum mechanics. When the emitted 

photon-like particles proceed towards an atom, the particles behave as a continuous quantity or a 

wave and when the photon-like particles “hit” the electrons, the particles behave like a quantum 
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quantity or a particle. The photon-like particles emitted by these hazardous materials need to be 

absorbed and attempt to match the different electron energy levels. However, this leads to 

mutations by causing pyrimidine dimers (molecular lesions [abnormal areas of tissue inside or 

outside the body] formed by cytosine and thymine bases) to form or mutations occur due to 

photon-like particles by being extremely close to the DNA: “In a normal three-dimensional 

human tissue system, unirradiated cells can respond to radiation-induced damage occurring a 

large distance away” (Morgan, 2005). These substances cause electrons (gain kinetic energy) to 

be bombarded and move haphazardly within a cell, resulting in immense damage to several 

molecules; it may cause harm to chromosomal DNA in the cell nucleus: “The subsequent action 

of DNA repair processes either removes the lesion(s) or misrepairs the induced damage such that 

all surviving progeny of an irradiated cell carry the burden of radiation exposure, e.g., a gene 

mutation and/or a chromosomal rearrangement” (Morgan, 2005). Thus, if this action occurs, the 

aplastic anemia could become a critical and lethal form of this rare condition. 

In 2006, the National Council on Radiation determined that the average American 

experiences radiation exposure measuring about 6.2 mGy per year, whereas LD50/60 ranges 

from 2.5-5 Gy. Radiation destroys bone marrow cells, 

which generally causes anemia. However, researchers 

know little about the exact effects of radiation other than 

the fact that some radiation damage may be reversible. 

This team was unable to locate any directly relevant research but did find some clinical trials in 

progress.  The first set of trials relies on the supposition that patients with certain genetic 

mutations might do well with immunosuppressive therapy, i.e., Danazol, Eltrombopag. 
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Observing how certain mutations do well with immunosuppressive therapy, it is a suggestion that 

there is a factor that is absent or involved causing this. Knowing this information, we can further 

recognize that the severity and development, along with how they react to treatments, are 

affected by various factors. The second trial involves the fact that next-generation DNA 

sequencing has discovered novel mutations strongly associated with Aplastic Anemia. With this 

in mind, the next-generation DNA sequencing method may be able to uncover detailed 

information on how Aplastic Anemia works. This will greatly benefit our research by providing 

us with knowledge, and something to specifically observe while conducting our experiment. 

With these two previously done studies in mind, we hope that our experiment will come out with 

a clear conclusion that describes the effect of the factors. During the experiment, we predict that 

we will observe that a certain light, especially UV light, will create severe Aplastic Anemia. This 

would mean that UV light would be the most harmful and effective in the development of 

Aplastic Anemia. We predict that blood type A will either have severe Aplastic Anemia or 

develop Aplastic Anemia the fastest, making it the most vulnerable as previous knowledge 

regards blood type A to be sensitive to various diseases. Furthermore, we suppose that pesticides 

and Benzene will result in severe Aplastic Anemia as they are known for being a contributing 

factor. It would mean for humans to start reducing the amount of contact they have with 

Pesticides and Benzene. 

 

Materials and Methods 

In order to ensure that our experiment is done accurately, it is necessary to have a few 

assays to detect the concentration and type of factor. We will need a chemical assay to determine 
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and verify the chemical type while making sure the concentration is consistent. In addition, we 

need an immunoassay that can detect the antigen concentration and type as “blood types are 

determined by the presence or absence of certain antigens” (“Facts About Blood and Blood 

Type”). While analyzing the effect of varying types of radiation, we should use an MTT assay to 

observe the concentration of radiation survival within a cell. This would enable us to see how 

radiation was able to make it into the cell and affect it. With the use of blood cell lines, we can 

propagate certain cells of importance such as cells with certain chemicals necessary. Also, we 

will use an Automation BACT/ALERT 3D system enabling an automatic drawing and testing 

device of blood that will improve the rate of the analyzation and give us accurate results with 

minimal human assistance. Additionally, we would need a SensoScientific Temperature 

Monitoring System to generate a secure environment providing a comprehensive and systemic 

approach for data logging. As mentioned above in the abstract, we would need laboratory mice 

(Mus Musculus), various blood stem cells, Class II Biosafety Cabinet, Carbon Dioxide 

Incubator, Phase Contrast Microscope, Micropipettes, a vacuum source, Cryogenic Storage 

Dewar,  Laboratory Water Bath, Low-Speed Centrifuge, Polonium, Radium, Arsenic, Benzene, 

Pesticides, Chloramphenicol, UV Light, and X-Ray Machine. Firstly, the laboratory mice (Mus 

Musculus) and various blood stem cells will be utilized in the procedure to experiment with the 

various factors and aid us in gaining a broader understanding of the affects/differences for DNA. 

For the laboratory equipment, the Class II Biosafety Cabinet is for microbiological purposes or 

sterile pharmaceutical compounding, a ventilated and enclosed cabinet for environmental, 

product, and personnel protection. A Carbon Dioxide Incubator is a generated atmosphere for 

culturing cells with the optimum temperature and moisture (sterile environment). A Phase 
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Contrast Microscope, converting phase shifts in light progressing through a transparent sample to 

brightness alterations in the image, is an optical microscopy technique. Micropipettes are 

laboratory devices to dispense measured volumes of various liquids. A vacuum source, for 

organic chemistry applications, is an operation or system producing reduced pressure and may be 

utilized for vacuum filtration, solvent removal, rotary evaporation, vacuum distillations, etc. A 

Cryogenic Storage Dewar, used for storing cryogens, is a particular type of vacuum flask with 

exceptionally low temperatures. A Laboratory Water Bath is rectangular machinery containing 

heated water, generally utilized for incubating samples at a constant temperature for lengthy 

periods. A Low-Speed Centrifuge is an exceedingly rapid rotating device, applying centrifugal 

force separating substances of different densities. Lastly, Polonium, Radium, Arsenic, Benzene, 

Pesticides, Chloramphenicol, UV Light, and X-Ray Machine are the various factors that will be 

tested on the laboratory mice (Mus Musculus) and various blood stem cells. To ensure safety and 

controlled variables, this team would perform this experiment in a locked, secure medical facility 

suitable for storage of and exposure to toxins, chemicals, radiation, and radioactive materials. 

The team would use five enclosed, metabolic cages for its 

test subject mice to be maintained in the exact spot within 

the testing facility while being controlled for temperature, 

humidity, air contaminants, food, water, cleanliness, and 

techniques for aspiration and examination of mouse bone 

marrow at regular intervals. The metabolic cages would 

have dividers to avoid cross-contamination. Without much prior research on which to rely, this 
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team would use the following arbitrary timeline by taking knowledge from previous experiences 

and studies: 

Variable Agent Test Subjects Weekly Exposure for One Year Testing Schedule 

Polonium mouse cohort #1 
20 mice per cage x 5 cages = 
100 mice 

cage #1 = LD/10 
cage #2 = LD/10 x 0.10 
cage #3 = LD/10 x 0.01 
cage #4 = LD/10 x 0.001 
cage #5 = LD/10 x 0.0001 

2 months 
4 months 
6 months 
8 months 
10 months 
12 months 

Radium mouse cohort #2 
20 mice per cage x 5 cages = 
100 mice 

cage #1 = LD/10 
cage #2 = LD/10 x 0.10 
cage #3 = LD/10 x 0.01 
cage #4 = LD/10 x 0.001 
cage #5 = LD/10 x 0.0001 

2 months 
4 months 
6 months 
8 months 
10 months 
12 months 

Arsenic mouse cohort #3 
20 mice per cage x 5 cages = 
100 mice 

cage #1 = LD/10 
cage #2 = LD/10 x 0.10 
cage #3 = LD/10 x 0.01 
cage #4 = LD/10 x 0.001 
cage #5 = LD/10 x 0.0001 

2 months 
4 months 
6 months 
8 months 
10 months 
12 months 

Benzene mouse cohort #4 
20 mice per cage x 5 cages = 
100 mice 

cage #1 = LD/10 
cage #2 = LD/10 x 0.10 
cage #3 = LD/10 x 0.01 
cage #4 = LD/10 x 0.001 
cage #5 = LD/10 x 0.0001 

2 months 
4 months 
6 months 
8 months 
10 months 
12 months 

Pesticides (Undecided) mouse cohort #5 
20 mice per cage x 5 cages = 
100 mice 

cage #1 = LD/10 
cage #2 = LD/10 x 0.10 
cage #3 = LD/10 x 0.01 
cage #4 = LD/10 x 0.001 
cage #5 = LD/10 x 0.0001 

2 months 
4 months 
6 months 
8 months 
10 months 
12 months 

Chloramphenicol mouse cohort #6 
20 mice per cage x 5 cages = 
100 mice 

cage #1 = LD/10 
cage #2 = LD/10 x 0.10 
cage #3 = LD/10 x 0.01 
cage #4 = LD/10 x 0.001 
cage #5 = LD/10 x 0.0001 

2 months 
4 months 
6 months 
8 months 
10 months 
12 months 

UV Light mouse cohort #7 
20 mice per cage x 5 cages = 
100 mice 

cage #1 = LD/10 
cage #2 = LD/10 x 0.10 
cage #3 = LD/10 x 0.01 
cage #4 = LD/10 x 0.001 
cage #5 = LD/10 x 0.0001 

2 months 
4 months 
6 months 
8 months 
10 months 
12 months 

X-Rays mouse cohort #8 
20 mice per cage x 5 cages = 
100 mice 

cage #1 = LD/10 
cage #2 = LD/10 x 0.10 
cage #3 = LD/10 x 0.01 
cage #4 = LD/10 x 0.001 
cage #5 = LD/10 x 0.0001 

2 months 
4 months 
6 months 
8 months 
10 months 
12 months 
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Reflection 

Each member of the group had specific roles to complete during the duration of this 

project. The different sections of the project were divided equally upon each group member. 

Firstly, for the abstract, Vayuna Pradhan did the first paragraph (brief background, statement of 

the problem), Samantha Jiao did the second paragraph (detailed methods, approximate timeline, 

location, independent/dependent variables and control variables, materials), and Sara Donato did 

the third paragraph (predicted results based on evidence/similar studies, hypothesis). Next, for 

the introduction, Samatha Jiao did the first paragraph (relevance to the world, statement of the 

problem, project importance, parts of the proposal that have not been performed by other 

researchers), Vayuna Pradhan did the second paragraph (detailed background of a specific topic 

of interest, in-text citations), and Sara Donato did the third paragraph (two similar studies, 

hypothesis, detailed predictions of the experiment). Similar to the format of the abstract and the 

introduction, the materials and method page was divided equally into three separate sections. 

Samantha Jiao did the first bullet point (the procedure to carry our experiment), Vayuna Pradhan 

did the second bullet point (logistics of performing the experiment) and Sara Donato did the third 

bullet point (length timeline of the experiment). Other sections such as the cover page, works 

cited, and reflection was contributed equally between the three group members: Samantha Jiao, 

Vayuna Pradhan, and Sara Donato. 

 

 


