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I. Abstract
A strong association has been found between mutated p53 tumor suppressor genes and
cancers in humans. Cancers arise from a culmination of genetic and environmental
factors, including exposure ultraviolet (UV) light from the sun. Prolonged exposure to
UV has proven negative effects on cell homeostasis. Much of the damage caused by UV
light exposure is through generation of free radicals. Zeaxanthin is a known
antioxidant/free radical scavenger which protects cells by neutralizing damage causing
free radical molecules. This study was conducted to determine the effects of zeaxanthin
on preventing the negative effects of UV light on cell viability, cell cycle control, and
p53 levels. The analyzed parameters of cell health were cell survival, cell cycle staging
using flow cytometry, and p53 levels using in-cell ELISA. UV light treatments had a
negative effect on the cell viability and showed increased numbers of cells in cell cycle
arrest. Both treatments with zeaxanthin resulted in a reduced cell viability and increased
cell cycle arrest. We used the same zeaxanthin concentrations to determine p53 levels in
the cells. However, the control group were the only cells that survived the treatment and
all zeaxanthin treated cells died. These preliminary results indicate that zeaxanthin did
not provide protection from the UV light damage since there was an increase in cell death

and cell cycle arrest. The effects of zeaxanthin on preventing free radical damage needs



further investigation, as current literature indicates that treatments of these free radical
scavenging products reduce potential lethal damage from UV light.
Keywords and Phrases: Cancer; P53; UV light; Free radical scavengers;

Zeaxanthin; cell cycle arrest
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[1. Introduction

Cancer is unchecked cell division because of damage to the cell's DNA which
cannot be fixed by the body's natural systems. Ultraviolet (UV) light has been connected
to the development of skin cancers by causing damage to the DNA in cells. UV light can
form free radicals in cells which are highly reactive chemical species and are one cause
of damage to the cellular processes which are critical to a cell's homeostasis. Long term
exposure to UV light has proven negative effects on cell homeostasis including causing
damage in cells’ DNA, cell cycle arrest, and cell death. The human body must deal with
the damage, and one method the body uses is by upregulating the protein p53 which fixes
the damage to the cell's DNA, causes cell cycle arrest, and/or apoptosis. P53 belongs to a
class of cellular proteins call tumor suppressors, due to their role in suppressing tumor
formation. P53 proteins perform their duty in the nucleus of a cell. P53 will attach to
DNA and help determine whether the DNA will be repaired, or apoptosis will occur.
Wild type p53is not mutated and works as it should and has the abilities to induce
apoptosis, DNA repair, and cell cycle arrest. Through this method of stopping cells with
mutated DNA from replicating, p53 is able to prevent the development of tumors. Use of
p53 in the organism’s cells result in cell death when the damage done to DNA is too great
and this accumulates as causes premature aging. To prevent the use of p53 in cells an
antioxidant can be used to block/protect the DNA of cells, thus reducing the amount of
p53-induced apoptosis that occurs.

Hence why free radical scavengers not only reduce risks to cancer, but also reduce
the aging process. A majority of cancers in humans have been found to have a strong

association with the presence of mutated, non-functional, p53 tumor suppressor genes. In



these experiments, UV light was used as a free radical to damage cells, resulting in
increased levels of p53, and cell survival. Free radical scavengers, such as zeaxanthin,
protect cells from damage by neutralizing damage causing free radical molecules.
Zeaxanthin is an antioxidant and a free radical scavenger. Some dietary sources of
zeaxanthin are spinach, other leafy greens, and egg yolks. This study was conducted to
determine if zeaxanthin can counteract the negative effects on cell viability and possible
mutation of p53 protein caused by UV light damage with the aim to elucidate the
mechanism through which zeaxanthin provides protection to cells. The parameters of cell
health that were analyzed for this experiment were cell count(viability), stage of cell
cycle, cell cycle arrest, and p53 levels using flow cytometry and in-cell p53 ELISA). The
hypotheses for this experiment are that free radical scavenger treatment concurrent with
UV light treatment would result in a decreased p53 levels, the cell viability will not be
reduced more than the UV light treatment alone, accompanied with reduced cell cycle
arrest; the UV light treatment alone is expected to have increased levels of p53
expression, reduced cell viability, and increased cell cycle arrest; the zeaxanthin treated
cells will have similar or increased cell viability than the control group, the same or
reduced p53 expression than the control group, and a reduced number of cells in cell
cycle arrest. The results of these experiments indicate that UV light treatments had a
negative effect in cell viability and increased cells in cell cycle arrest. The low and high
concentrations of zeaxanthin had a negative effect on the cell viability and had increased
cell cycle arrest. When testing for p53, level the treatments concentrations were kept the
same, the control cells viability but the EtOH, low, and high zeaxanthin treated cells died,

S0 no p53 data was able to be gathered. Using only the cell viability and cell cycle data



obtained in these studies, we determined that zeaxanthin was not able to provide
protection from the UV light damage since there was a further increase in cell death and
cell cycle arrest. This is an emerging area of research for supplements that may lead to
the elucidation of many vital facts when it comes to cancer prevention that involves UV
light and this may give motivation to investigate the use of other supplements as cancer
preventatives. This is important for the area of cancer research with regards to free
radical scavengers because it shows that it may not be a feasible avenue for future

research.

[11. Literature Review
P53 literature

In “How does p53 induce apoptosis and how does this relate to p53-mediated
tumour suppression” the author communicated about the p53 pathway and how it
contributes to tumor suppression. This article states how mutated p53 proteins appear in
around 50% of human cancers, how the level of p53 protein in unstressed cells are low
because otherwise it is broken down by proteosomes, PUMA and (less so but still)
NOXA are directly activated through transcription initiated by p53 to induce apoptosis.
Also, it talks about how p53 is able to activate cell cycle arrest, cellular senescence,
coordination of various DNA damage repair pathways, metabolic adaptations, and
apoptotic cell death (Aubrey et al. 2017). This article details how mice without p53 do
not spontaneously develop tumors. The loss of p53 and other associated proteins did not
lead to spontaneous tumor development in mice. Evidence from tests done on mice that

did not have all mediator for inducing p53 initiated apoptosis, showed that there should



not have been cell senescence or that G1/S cell cycle arrest which did not lead to
spontaneous development of any tumors. The mice were treated with gamma radiation
that did not have p53 proteins and were checked to see whether oncogenesis would occur
spontaneously. This may be indicative of a system in which p53-induced apoptosis is
important for a stressed state but less so for non-stressed cell survival. This source talks
about how p53 works and how it may not work. This includes loss of wild-type function,
gain of function, and dominant negative effects from mutant type p53 on wild-type p53.
This was useful in understanding whether the absence of p53 is an indicator of
oncogenesis or if the malfunction of p53 and the proteins in the p53 pathway are the main
cause of loss of p53-induced apoptosis (Aubrey et al. 2017).

“Pharmacological activation of p53 in cancer cells” is a literature review about
the p53 pathway and how there have been multiple drugs developed to correct p53 when
it is mutated but it is unknown if the reactivated p53 molecules are able to restore all of
the multifaceted biological functions if the cell is not killed in the process of p53
activation. The article illustrated the process and the concepts behind how these drugs
were developed while also exploring questions around p53 reactivation. Examples of
therapeutic p53-based approaches are questions such as “whether the distinct biological
effects regulated by specific post-transnationally modified p53 can effectively be restored
by refolding mutant p53...[and] whether reactivation of mutant p53 has similar
consequences in cells carrying gain-of-function and loss-of-function p53 mutants”
(Current Pharmaceutical Design, Volume 17, Number 6, 2011, pp. 631-639(9)) are raised
and answered in this article. The conclusions of this literature review are that there can be

multiple ways to correct non-functional mutated p53 and preventing cancer including a



possible vaccine and looking at early genetic testing. Examples of drugs that are able to
restore some function to the mutated p53 protein, what each drug does and explanations
of the processes of development for all of them are provided. This information can be
used in the future to produce ways of mimicking these mechanisms in experiments.
Through looking into how other people have thought about the p53 reactivation process
which is supportive of other pieces of literature (Athar et al. 2011).

Flow cytometry system and the process of how to use flow cytometry specifically
on pl16 and p21 was talked about in “Comparison of senescence progression in
mesenchymal cells from human umbilical cord walls measured by immunofluorescence
and flow cytometry of p16 and p21” this information can be applied to p53. This article
tells how to measure the amount of cell death in a certain type of cell using the
measurement of immunofluorescence and flow cytometry. The authors of the article
isolated mesenchymal cells and used a process of immunofluorescence to detect the
presence of the p16 protein in the sample. The result of the source’s experiment was that
they were able to identify the cells that were at risk of reaching replicative cell death and
they found the alternative monitoring processes to the standard that can be used instead.
Mesenchymal cells from umbilical cords and the different processes on it to find its
results. One strength of the source is that it is clear in explaining how and why each
process used was used. This is useful as an in-depth guide to the types of proteins and
flow cytometry data analysis for the results of this experiment (Silva et al. 2020).

“Mutant p53 gain-of-function in cancer” reports information regarding p53, the
process of gain-of-function in p53, and the contribution that it may make to oncogenesis.

This article gives information about gain-of-function in p53 through reviewing many



articles that had to do with the topic of p53 and other related genes gaining functions. The
result of the sources literature review is that regarding cancer research one of the more
promising concepts is a molecule that is able to cause mutant p53 to regain wild type
activity which may have a dual effect: reinstate the wild type p53 function as a tumor
suppressor and to rid the cell of mutant p53 gain of function. This source uses evidence
and examples from other pieces of literature to support its explanations of p53 gain of
function mutations. The article gives a great amount of information of the topic of p53
and more specifically the gain of function mutation (Oren and Rotter 2010).

“Genetic Networks Lead and Follow Tumor Development: MicroRNA
Regulation of Cell Cycle and Apoptosis in the p53 Pathways” gives insight regarding
how the p53 protein is able to in some way use microRNA in its role in protecting the
genetic sequence. This article explains how they believe that p53 uses microRNA to
induce cell-cycle regulation and apoptosis. The authors used other evidence and sources
that had information about several types of microRNA and p53. The conclusion of this
source’s literature review is that there is convincing evidence that p53 uses microRNA
for tumor prevention through inducing apoptosis and that these microRNA may be useful
for future cancer therapies. This source gives more insight into how the process of p53
protecting cells from mutating into potentially cancerous cells (Otsuka and Ochiya 2014).

This experiment done by Tavana et al. had many aspects in common with the
experiment that we had conducted including the use of UV light as a source of free
radicals. The intended goal of the other experiment was to induce p53 protein and cause

cell function to recover (Tavana et al. 2010).



The authors of “Absence of p53-dependent apoptosis leads to UV radiation
hypersensitivity, enhanced immunosuppression and cellular senescence” talk about the
ability of different cells to respond to UV damage when there is no p53 to induce
apoptosis in damaged cells. This article studied a hypothesis regarding the relationship
between absence of p53 apoptosis, cell death, and UV damage which is greatly important
to this experiment. This experiment was done with different cell cultures that either did or
did not have the ability to induce p53-mediated apoptosis, and they investigated whether
the cells would respond well (die via apoptosis or repair the DNA damage) or whether
the cells would respond poorly (mutate and become cancerous). According to the author
the study showed that cells without p53-mediated apoptosis are more susceptible to
ultraviolet radiation damage and thus are more likely to undergo cellular senescence. The
source uses the different pieces of data to show how the mice cells responded to the UV
light and describes how they were able to determine such information (Tavana et al.
2010).

“p53-Mediated DNA Repair Responses to UV Radiation: Studies of Mouse Cells
Lacking p53, p21, and/orgadd45 Genes” provides information regarding p53, and the
process of cells repairing themselves in response to UV radiation in mice without p53,
p21, and/orgadd45 genes. This article involves the authors’ experiment with mice and
UV radiation. They did an experiment in which they used in vitro cells to test the
response in cells without the proteins related to p53 which had been treated with acute
UV radiation. After their experiment, they used several methods of analysis to determine
the results, such as several types of assays and cell cycle analysis. The results of the

source’s experiment are that repair synthesis was detected in all non-S phase and non-



G1/S transitional cells, cell cycle stage, cells that lacked the p53 proteins exhibited
between 35% and 70% of the normal unscheduled DNA synthesis in response to UV

radiation in comparison to wild-type cells (Smith et al. 2000).

UV light

Ultraviolet light is intimately linked to the health of the skin and the immune
system that protects the skin from damage. UV light is capable of ionizing molecules in
skin cells by chemically altering them. An example of possible chemical alteration is
damage to a cell’s DNA in which close pyrimidine bases (cytosine and thymine) bond to
each other. UV radiation can have various effects on skin cells such as igniting
pathogenic inflammatory pathways which may lead to autoimmune disorders and
allergies while also having the possible effect of being used as a phototherapy to suppress
pathogenic cutaneous immune response. This means that UV light provides a strong
mutagenic source The sun emits mostly visible light and infrared radiation while also
emitting UCA, UVB, and UVC (Maverakis et al. 2009).

According to the article titled, “Characterisation of the p53-mediated cellular
responses evoked in primary mouse cells following exposure to ultraviolet radiation”
depending on the wavelength of UV light, the damage to mammalian cells varies while
all the UV light wavelengths are recognized as being a detriment to human health.
Through this study on the effect of various wavelengths of UV light on primary mouse
fibroblasts and showed that UVC (for example 254nm) elevated the p53 protein level and
the cells sequence specific DNA binding capacity while UVA did not have the same

impact on the cells’ p53 level or DNA binding (Mcfeat et al. 2013).



Zeaxanthin

Fruits and vegetables often contain colorful pigments that are natural lipid-soluble
antioxidants named carotenoids. There are more than six hundred carotenoids that occur
naturally, but there are about 20 that are detectable in human blood including lutein,
lycopene, B-carotene, and zeaxanthin. Each have different properties that can assist the
body in many ways such as helping in fetal development and adult homeostasis. Lutein
and zeaxanthin are found plentifully in the human eye lens and while there these
antioxidants provide eyes with protection against ophthalmic diseases and maintain eye
health. The range of 400-200nm wavelength light is blocked in the eye by these ocular
carotenoids which means that the retina and lens are protected from photochemical
damage that may be induced from light exposure. The end result of this is that these
carotenoids are able to help the body in crucial ways, some being neutralizing free
radicals produced in the body, offering protection against inflammation, apoptosis,
oxidative stress, and mitochondrial dysfunction and in the eye (Johra 2020).

Zeaxanthin is a carotenoid in the xanthophyll family. It has the following
characteristics: molecular weight of 568.8 Daltons, 11 conjugated double bonds and
another name for this molecule is B, p-Carotene-3,3’-diol. Most of the time zeaxanthin is
found with its isomer lutein. Sources of lutein include leafy green vegetables (contents as
high as 40 mg per 100 g), in yellow-orange fruits and vegetables (such as oranges,
preaches, and carrots, contents are often less than 1 mg per 100 g), egg yolks, and cheese

(Murillo 2019).



In the article titled, “Dietary lutein/zeaxanthin partially reduces photoaging and
photocarcinogenesis in chronically UVB-irradiated Skh-1 hairless mice” the experiment
demonstrated that the mice fed a control diet had an increased amount of thickness of
skin fold and infiltrating mast cell numbers after UVB irradiation compared to mice fed
lutein/zeaxanthin-treated mice. The lutein/zeaxanthin-treated mice showed reduced total
tumor volume and tumor multiplicity, and increased tumor-free survival time in
comparison with control irradiated animals fed the control diet. UVB-induced photoaging
and photocarcinogenesis of skin can be protected against using dietary lutein/zeaxanthin

supplementation which is supported by this experiment (Astner 2007).

G2/M cell cycle arrest

In “Inactivation of p53 in normal human cells increases G2/M arrest and
sensitivity to DNA-damaging agents” the experiment showed that without the presence of
p53 mediated apoptosis there was an increase in cells in the G2/M phase while there was
also a decrease in the number of cells in the G1 phase. This experiment was conducted
using normal human fibroblasts (NHFs) that had induction of their p53 proteins inhibited
using p53 anti-sense oligonucleotides. The inhibition of p53 protein was suggested to
enhance the sensitivity of the normal human cells to DNA-damaging agents such as UV

light (Céraline et al. 1998).
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IV. Methods and Materials
Background Information

Chinese hamster ovary cells (CHO) were obtained from L. Middleton, Eastern
Kentucky University. CHO cells were unfrozen. Preliminary cell culturing included the
use of a solution made of Dulbecco's Modified Eagle Medium (DMEM), penicillin and
streptomycin to prevent bacteria from growing, and 10% FBS (fetal bovine serum) as a
cell culturing supplement. T25 and T75 flasks were used for cell culturing. The CHO
cells were cultured in vitro at 37°C in a humidified 6% CO2 incubator. The cells were
replated when the cells reached an 80% confluency. All treatments of cells were done in a
sterile fume hood to prevent contamination. Six-well plates were used for the

experiments excluding the p53 testing where a ninety-six well plate was used.

Experimental Procedure

Flasks were removed from the incubator and placed in a sterile fume hood. The
used media in the T75’s was removed. 2.5mL of trypsin was added to each flask. Flasks
were incubated for 2 minutes. Afterward, the flasks were manipulated in such a way as to
remove the cells’ connection to the bottom of the flasks referred to as “smacked.” The
cells were viewed using a microscope to confirm that cells were no longer attached. The
trypsin solutions containing the cells were put into individual tubes, then media was
added to each tube, so the total volume of the solution was 10mL. Tubes were
centrifuged for five minutes at 300 X g. The supernatants were removed, the cell pellets
were resuspended. Solutions were collected in a pipette and redistributed to ensure that

each well had an equal number of cells to begin the experiment. The centrifuging process
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was repeated. New media was added so that the total volume in each tube was 6mL. 1mL
of solution was added to each well of two six-well plates.

In experiment 1, a six-well plate was selected to be a control and was placed into
a sterile fume hood without the UV light on and without a zeaxanthin treatment. A six-
well plate was selected to be a UV light treated group.

In experiments 2 and 3, a six-well plate was selected to be a no UV treatment group
which consisted of 2 wells of no zeaxanthin treatment, 2 wells of low (0.114mg
zeaxanthin/mL) zeaxanthin treatment, and 2 wells of high (0.286mg zeaxanthin/mL)
zeaxanthin treatment. The second six-well plate had UV light treatment and the same
groups as the no UV group.

In experiment 4, a six-well plate was selected to be a no UV treatment group that
consisted of 2 wells of an EtOH solvent group, 2 wells of low (0.01mg zeaxanthin/mL)
zeaxanthin treatment, and 2 wells of high (0.05mg zeaxanthin/mL) zeaxanthin treatment.
A second six-well plate had UV light treatment and the same groups as the no UV group.

In experiment 5, two six-well plates were selected to be a no UV treatment groups
and two six-well plates were selected to be a UV treatment groups. Within these groups
there were groups of no EtOH and no zeaxanthin treatment, an EtOH solvent group, low
(0.01mg zeaxanthin/mL), and high (0.05mg zeaxanthin/mL) treatments. Each treatment
group was done in triplicate so that there were three wells of each so statistics were able
to be done.

In experiment 6, there was a p53 level ELISA assay done with the same groups as
experiment five, with each group done in triplicate. The treatment’s concentrations were

kept the same but decreased 10-fold because, in the six-well plate, 50uL of each

12



treatment went into 1mL of media, while in the ninety-six well plate 5uL of each
treatment went into 1mL of media. A solution containing cells was put into the flow
cytometry to determine cells/uL; from this information, the amount of pL per 10,000

cells was determined. Each of the ninety-six wells were given that amount of pL.

UV Light Treatment
Any six-well plate that which underwent the UV light treatment was placed into a
sterile fume hood in the same position with the UV light on for two minutes with the lid

off. The UV light used was 254nm wavelength, which is UVC (Maverakis et al. 2009).

. Zeaxanthin Treatment

Experiments 2 and 3 used two concentrations of zeaxanthin treatments: low
(0.114mg/mL) and high (0.286mg/mL). Four zeaxanthin gel capsules (4mg each) were
cut open using sterile scissors. The contents were added to a 50mL tube, and the gel
capsule outer shells were discarded. 5mL of DMEM media and 2mL of 200 proof ethanol
were added to the 50mL tube, which made a concentration of 2.286mg zeaxanthin/mL.
The tube was mixed thoroughly. The solution was drawn up into a syringe and pushed
through a sterile single use filter unit into another 50mL tube. 2mL of the 2.286mg/mL
solution were added to one 50mL and 38mL of media was added to the tube for the low
treatment concentration of 0.114mg zeaxanthin/mL. 5mL of the 2.286mg/mL solution
were added to a 50mL and 35mL of media was added to the tube for the high treatment

concentration of 0.286mg zeaxanthin/mL.

13



Experiments 4, 5, and 6 used two concentrations of zeaxanthin treatments: low
(0.01mg/mL) and high (0.01mg/mL). For the low concentration solution, one gel capsule
(4mg) of zeaxanthin was cut open using sterile scissors. The contents were added to a
50mL tube, and the gel capsule outer shell was discarded. 20 mL of ethanol were added
to the tube and the solution was mixed thoroughly using a pipette for a solution
concentration of 0.2mg/mL. 50uL were added to the treated cells in the specified wells
for a solution concentration of 0.01mg/mL. For the high concentration treatment, four gel
capsules (4mg each) of zeaxanthin were cut open using sterile scissors. The contents were
added to a 50mL tube, and the gel capsule outer shells were discarded. 16 mL of ethanol
were added to the tube and the solution was mixed thoroughly using a pipette for a
solution concentration of 1 mg/mL. 50uL were added to the treated cells in the specified

wells for a solution concentration of 0.05mg/mL.

Flow Cytometry used as Analysis Tool

The cells in each of the wells were allowed to grow in their new solution. Then
0.5mL of trypsin was added to each well and was rocked back and forth to ensure that the
bottom was covered. The well plates were incubated for 2 minutes. Afterward, the well
plates were smacked to remove the cells connection to the bottom of the flasks. The cells
were viewed using a microscope to confirm that cells were no longer attached. The
trypsin solutions containing the cells were put into individual tubes. New media was
added to tube so that the total volume was 4mL. Tubes were centrifuged for 5 minutes at
300 X g. Supernatants were removed; the cell pellets were resuspended. The centrifuging

process was repeated. Supernatants were removed; the cell pellets were resuspended in
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1mL of Dulbecco’s Phosphate Buffered Saline 1X. 100uL of each solution were added to
individual tubes. 250uL of the Dulbecco’s Phosphate Buffered Saline 1X was added to
each tube. 200uL of cold propidium iodide stain solution were added to each tube. Tubes
were gently mixed by swirling and then they were put into a refrigerator to incubate in
the cold darkness for 10 minutes. The samples were then analyzed on the flow cytometry

for results right away.

P53 ELISA kit used as Analysis Tool
A Pierce™ p53 colorimetric in-cell ELISA kit from Thermo Fisher Scientific was

used to determine the p53 level in the cells of experiment 6.
. Cell Cycle test kit used as Analysis Tool
A Bioscience Pharmingen™ cell cycle test kit was used. This allowed for the

percentages of cells in each stage of the cell cycle to be determined.

Table 1. Treatment groups from experiment 1

No UV/No zeaxanthin No UV/No zeaxanthin No UV/No zeaxanthin
No UV/No zeaxanthin No UV/No zeaxanthin No UV/No zeaxanthin
UV/No zeaxanthin UV/No zeaxanthin UV/No zeaxanthin
UV/No zeaxanthin UV/No zeaxanthin UV/No zeaxanthin
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Group 1 was a control group; it received neither zeaxanthin treatments nor a UV
treatment. Group 2 was a UV treatment group; it received no zeaxanthin treatment of

either concentration but did receive a UV treatment. Each had a six-well plate.

Table 2. Table of treatment groups from experiments 2 and 3

Group 1 Group 2 Group 3

No UV/No zeaxanthin No UV/low zeaxanthin No UV/high zeaxanthin
No UV/No zeaxanthin No UV/low zeaxanthin No UV/high zeaxanthin
Group 4 Group 5 Group 6

UV/No zeaxanthin UV/low zeaxanthin UV/high zeaxanthin
UV/No zeaxanthin UV/low zeaxanthin UV/high zeaxanthin

The cell plates were divided into six categories as seen below. Groups 1 through 3
received no UV treatment. Group 1 was a control group; it received no zeaxanthin
treatment. Group 2 received the low concentration of zeaxanthin treatment. Group 3
received the high concentration of the zeaxanthin treatment. Groups 4 through 6 received
the UV light treatment. Group 4 received no zeaxanthin treatment. Group 5 received the
low concentration of zeaxanthin treatment. Group 6 received the high concentration of

zeaxanthin treatment.

Table 3. Table of treatment groups from experiment 4

Group 1 Group 2 Group 3

No UV/EtOH/no zeaxanthin | No UV/low zeaxanthin No UV/high zeaxanthin
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No UV/EtOH/no zeaxanthin | No UV/low zeaxanthin No UV/high zeaxanthin

Group 4 Group 5 Group 6
UV/ EtOH/no zeaxanthin UV/low zeaxanthin UV/high zeaxanthin
UV/ EtOH/no zeaxanthin UV/low zeaxanthin UV/high zeaxanthin

The cell plates were divided into six categories as seen above. Groups 1 through 3
received no UV treatment. Group 1 was a control group that had EtOH, it received no
zeaxanthin treatment. Group 2 received the low concentration of zeaxanthin treatment.
Group 3 received the high concentration of the zeaxanthin treatment. Groups 4 through 6
received the UV light treatment. Group 4 received no zeaxanthin treatment but had
EtOH. Group 5 received the low concentration of zeaxanthin treatment. Group 6 received
the high concentration of zeaxanthin treatment.

Table 4. Table of treatment groups from experiments 5 and 6. The cell plates were
divided into 24 categories as seen below. Groups 1 through 12 received no UV treatment.
Groups 1-3 were control groups that had no treatment at all, it received no zeaxanthin
treatment nor EtOH. Group 4-6 received the EtOH treatment. Groups 7-9 received the
low concentration of zeaxanthin treatment. Groups 10-12 received the high concentration
of the zeaxanthin treatment. Groups 13 through 24 received the UV treatment. Groups
13-15 were control groups that had only UV treatment, they received no zeaxanthin
treatment nor EtOH. Groups 16-18 received the EtOH treatment. Groups 19-21 received
the low concentration of zeaxanthin treatment. Groups 21-24 received the high

concentration of the zeaxanthin treatment.
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Table 4. Table of treatment groups from experiments 5 and 6.

Group Number Treatment

1-3 No UV/ No zeaxanthin/ No EtOH
4-6 No UV/ No zeaxanthin/ EtOH
7-9 No UV/ low zeaxanthin

10-12 No UV/ high zeaxanthin

13-15 UV/ No zeaxanthin/ no EtOH
16-18 UV/ No zeaxanthin/ EtOH

19-21 UV/ low zeaxanthin

22-24 UV/ high zeaxanthin

The cell plates were divided into 24 categories as seen above. Groups 1 through
12 received no UV treatment. Groups 1-3 were control groups that had no treatment at
all, they received no zeaxanthin treatment nor EtOH. Group 4-6 received the EtOH
treatment. Groups 7-9 received the low concentration of zeaxanthin treatment. Groups
10-12 received the high concentration of the zeaxanthin treatment. Groups 13 through 24
received the UV treatment. Groups 13-15 were control groups that had only UV
treatment, they received no zeaxanthin treatment nor EtOH. Group 16-18 received the
EtOH treatment. Groups 19-21 received the low concentration of zeaxanthin treatment.

Groups 21-24 received the high concentration of the zeaxanthin treatment.
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V. Results

Illustration 1. Image of control group cells viewed at 40X which shows healthy cells

covering most of the area being viewed
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Illustration 2. UV light treated cells viewed at 40X shows many dead cells with some that

are alive
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Figure 1. Flow cytometry data from the control set of cells from experiment 1.
23361 cells were alive. 95.5% of the cells were in cell cycle stage GO-G1. 2.31%

of the cells were in cell cycle stage S. 2.13% of the cells were in cell
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Figure 2. Flow cytometry data from the UV light treatment set of cells from experiment 1.
22445 cells were alive. 88.9% of the cells were in cell cycle stage GO-G1. 7.02%
of the cells were in cell cycle stage S. 4.25% of the cells were in cell cycle stage G2-M.
From experiment 1, the differences between the non-UV light and the UV light
damaged cells are in number of cells that were alive and the percentages of cells in each
cell cycle stage; 23361 cells were alive in the control cells and 22445 cells were alive in
the UV light treatment cells. These numbers indicate a decrease of 916 from the no UV
treated cells to the UV treated cells. 95.5% of the control cells were in cell cycle stage
GO0/G1 while 88.9% of the UV treated cells were in cell cycle stage GO/G1 which is a

decrease of 6.6% in cells in GO/G1. Out of the cells in the control group, 2.31% of the
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cells were in cell cycle stage S while 7.02% of the UV light treated cells were in cell
cycle stage S; this shows an increase of 4.71% (more than three times the amount in stage
S from the control group). 2.13% of the cells were in cell cycle stage G2/M while 4.25%
of the cells were in cell cycle stage G2/M which is an increase of 2.12% which is double
the amount in stage G2/M in the control group. From no treatment to the UV light treated
cells, there was a decrease in the number of cells in the GO/G1 stages and an increase of

the number of cells in the S and G2/M stages.
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Figure 3. Histogram shows the flow cytometry data from the no UV EtOH treatment set

of cells from experiment 4.
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No UV EtOH. 11507 cells were alive. 24.8% were in G1 cell cycle stage. 13.5%
were in S cell cycle stage. 32.9% were in G2 cell cycle stage. G1 relative standard

deviation is 16.6. G2 relative standard deviation is 22.6. RMSD was 10.5.
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Figure 4. Histogram shows the flow cytometry data from the UV EtOH treatment set of

cells from experiment 4

12024 cells were alive. 21.7% were in G1 cell cycle stage. 30.9% were in S cell
cycle stage. 18.1% were in G2 cell cycle stage. G1 relative standard deviation is 18.2. G2

relative standard deviation is 12.0. RMSD was 10.8. Percent less than G1 was 13.7%.

Percent greater than G2 was 10.9%.
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Experiment 4 consisted of the no UV vs UV with EtOH, low, and high zeaxanthin
treatments. The number of cells analyzed in no UV EtOH group was 11507. The number
of cells analyzed in UV EtOH group was 12024, which is increased compared to no UV
group by 517. There was a decrease of 3.1% from no UV EtOH %G1 (24.8%) to UV
EtOH %G1 (21.7%). There was an increase of 17.4% from no UV EtOH %S (13.5%) to
UV EtOH %S (30.9%). There was a decrease of 14.8% from no UV EtOH %G2 (32.9%)
to UV EtOH %G2 (18.1%). Percent less than G1(no UV:16.1 to UV:13.7) and percent

greater than G2(no UV:9.51 to UV:10.9).
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Figure 5. Histogram shows the flow cytometry data from the no UV low zeaxanthin

treatment set of cells from experiment 4.

11705 cells were alive. 21.0% were in G1 cell cycle stage. 31.2% were in S cell
cycle stage. 16.9% were in G2 cell cycle stage. G1 relative standard deviation is 15.1. G2

relative standard deviation is 16.0. RMSD was 10.9.
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Figure 6. Histogram shows the flow cytometry data from the UV low zeaxanthin

treatment set of cells from experiment 4

12226 cells were alive. 16.0% were in G1 cell cycle stage. 32.1% were in S cell
cycle stage. 17.4% were in G2 cell cycle stage. G1 relative standard deviation is 9.00. G2
relative standard deviation is 10.6. RMSD was 10.4. Percent less than G1 was 19.0%.
Percent greater than G2 was 11.0%.

The number of cells analyzed in no UV low treatment group was 11705. The
number of cells analyzed in UV low treatment group was 12226, which is increased in
comparison to the no UV group by more than 521. There was a decrease of 5.0% from no

UV low treatment %G1 (21.0%) to UV low treatment %G1 (16.0%). There was an
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increase of 0.9%% from no UV low treatment %S (31.2%) to UV low treatment %S
(32.1%). There was an increase of 0.5% from no UV low treatment %G2 (16.9%) to UV
low treatment %G2 (17.4%). Percent less than G1(no UV:16.0 to UV:19.0) and percent

greater than G2(no UV:10.5 to UV:11.0).
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Figure 7. Histogram shows the flow cytometry data from the no UV high zeaxanthin

treatment set of cells from experiment 4.

11676 cells were alive. 23.2% were in G1 cell cycle stage. 28.8% were in S cell
cycle stage. 19.4% were in G2 cell cycle stage. G1 relative standard deviation is 14.2. G2

relative standard deviation is 12.6. RMSD was 8.42.
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Figure 8. Histogram shows the flow cytometry data from the UV high zeaxanthin

treatment set of cells from experiment 4.

7978 cells were alive. 11.2% were in G1 cell cycle stage. 23.6% were in S cell
cycle stage. 10.5% were in G2 cell cycle stage. G1 relative standard deviation is 11.8. G2
relative standard deviation is 9.14. RMSD was 17.5. Percent less than G1 was 43.7%.
Percent greater than G2 was 8.46%.

The number of cells analyzed in no UV high treatment group was 11676. The
number of cells analyzed in UV high treatment group was 7978 which is decreased

compared to no UV group by 3,698. There was a decrease of 12.0% from no UV high
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treatment %G1 (23.2%) to UV high treatment %G1 (11.2%). There was a decrease of
5.2%% from no UV high treatment %S (28.8%) to UV high treatment %S (23.6%). There
was a decrease of 8.9% from no UV high treatment %G2 (19.4%) to UV high treatment
%G2 (10.5%). Percent less than G1(no UV:13.8 to UV:43.7) and percent greater than
G2(No UV:11.0 to UV:8.46). This showed a substantial increase in % less than G1 going
from a range of 13.7%-19% in all the other groups to 43.7% in the UV high treatment

group.

Cell Viability

Control NO UV
EtOH NO UV
LOW NO UV
HIGH NO UV

Control UV

|

EtOH UV
LOW UV
HIGH UV
0 10 20 30 40 50 60 70 80 90
% Cell Survival
\_ J

Figure 9. Bar graph of data from no UV vs. UV, each with the groups of control, EtOH,

low zeaxanthin, and high treatment groups
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VI. Discussion

Some strengths of the experiment are that it determined a concentration of
zeaxanthin treatment which is not cytotoxic to the cells treated, gave statistics on the cell
viability of the treatment groups, and found cell cycle arrest results for each of the
treatment groups. Some shortcomings or limitations of the experiment were
contamination, polarity of the lipid gel capsule, and the concentrations of the treatments

being too toxic to the cells in the p53 experiment.

Table 5. Results from a no UV vs UV experiment that did not include zeaxanthin

treatments. Cell number, GO/G1%, S%, and G2/M% data are presented.

Cell number G0/G1 % S % G2/M %
No UV 23361 95.5 231 2.13
uv 22445 88.9 7.02 4.25
Increase |- |- 4.71 2.12
Decrease | 916 66 |-

Experiment 4 This data suggests that UV light causes an increase in S stage cell

cycle arrest at a decrease in both G1 and G2 percentages while also increasing number of

cells alive.
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Table 6. Results from a no UV vs UV experiment that included EtOH. Cell number,

GO0/G1%, S%, G2/M%, %<G1, and %>G2 data are presented.

Cell G1% S% G2% %<G1 %>G2
count
No UV | 11507 24.8 135 32.9 16.1 951
uv 12024 21.7 30.9 18.1 13.7 10.9
Increase | 517 | ----- 174 |- |- | -
Decrease | ----- 31| - 14.8 2.4 1.39

Table 7. Table of results from a no UV vs UV experiment that included low concentration

of zeaxanthin treatments. Cell number, G0/G1%, S%, G2/M%, %<G1, and %>G2 data

are presented.

Cell G1% S% G2% %<G1 %>G2
count
No UV | 11705 21.0 31.2 16.9 16.0 10.5
uv 12226 16.0 32.1 17.4 19.0 11.0
Increase | 521 | ----- 0.9 05 |- 0.5
Decrease | ----- 50 e | e 24 | -

This data also indicates that there was a large decrease in alive cells from the no

UV group to the UV group showing that the high concentration solution of zeaxanthin

did not have a positive effect on cell viability and instead a negative effect.

32




Table 8. Shows the results from a no UV vs UV experiment that included high
concentration of zeaxanthin treatments. Cell number, G0O/G1%, S%, G2/M%, %<G1, and

%>G2 data are presented.

Cell number | G1% S% G2% %<G1 %>G2
No UV | 11676 23.2 28.8 194 13.8 11.0
uv 7978 11.2 13.6 10.5 43.7 8.46
Increase | ----- |- [ memem | e 299 | -
Decrease | 3,698 12.0 5.2 89 |- 2.54

There are general trends which are demonstrated from this data. One being that, in
the EtOH and low treatment groups, the UV groups had as increased cell count while the
high treatment group the UV group had a largely decreased cell count compared to the no
UV group. This trend might be explained by the substantial percentage of the % less than
G1 being so high. %G1 in no UV was increased compared to each UV counterpart; the
difference grew from EtOH to low treatment to high treatment. %S did the opposite,
instead decreasing from no UV %S being decrease in comparison to UV by 17.4% in
EtOH to only slightly being decreased in low treatment to high treatment where the UV
had an increased %S. Also, %S stayed close to 30% except for those that were in no UV
EtOH and UV high treatment, which were close to 13.5%. G2% in most groups was
around 18%, while in the no UV EtOH group was around 32.9% and the UV high
treatment group was 10.5%. These results show that there was a difference between the

groups that generally decreased.
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Experiment 6 was conducted to determine p53 level of the treatment groups. The
treatments concentrations were kept the same as experiment 5 just decreased 10-fold
because, in the six-well plate, 50uL of each treatment went into 1mL of media, while in
the ninety-six well plate, 5uL of each treatment went into 1mL of media. The control
groups’ cells survived, but the EtOH, low, and high zeaxanthin treatments’ cells died. No
data was collected from this experiment.

The hypotheses for this experiment was that, in trials with a free radical scavenger
treatment and UV light treatments, the result would be a decreased level of p53 proteins,
the cell count would not be decreased more than the UV light treatment alone, and there
would also be cell cycle arrest; the UV light treatment groups were expected to have an
increased amount of p53 expression, decreased cell count, and cell cycle arrest; the free
radical scavenger groups were expected to have the same or an increased cell count than
the control group, the same or decreased p53 expression than the control group, and a
decreased amount of cell cycle arrest.

These pieces of data do not support my hypotheses with the exception of there
being an increase in cell cycle arrest in UV light treated cells and without the p53 data

those conclusions cannot be supported or contradicted.

VII. Conclusion

UV light treatments had a negative effect on the cell viability and showed
increased numbers of cells in cell cycle arrest. Both treatments with zeaxanthin resulted
in a reduced cell viability and increased cell cycle arrest. We used the same zeaxanthin

concentrations to determine p53 levels in the cells. However, the control group were the
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only cells that survived the treatment and all zeaxanthin treated cells died. These
preliminary results indicate that zeaxanthin did not provide protection from the UV light
damage since there was an increase in cell death and cell cycle arrest. The effects of
zeaxanthin on preventing free radical damage needs further investigation, as current
literature indicates that treatments of these free radical scavenging products reduce
potential lethal damage from UV light.

In conclusion, these experiments were important for determining the effects of
zeaxanthin at different concentrations and UV light on cell viability and cell cycle arrest.
This is an emerging area of research for supplements that may lead to the elucidation of
many vital facts when it comes to cancer prevention that involves UV light and this may

give motivation to investigate the use of other supplements as cancer preventatives.

VIII. Limitations

These experiments had several technical difficulties/limitations while planning
and executing the experiments. Experiments 2 and 3, which were the first to try and
incorporate the zeaxanthin treatment (both a low and high concentrations), were both
contaminated with fungus or bacteria. Both solutions were put through a sterile filter to
ensure sterility before treatment of the cells, and the source of the contamination is still
unclear. No results were able to be gathered from these contaminated experiments;
however, we determined that the concentration of zeaxanthin was too high, and we
reduced the concentrations in subsequent experiments.

The acquired sample of zeaxanthin was a rapid release gel capsule which

consisted of 4mg of zeaxanthin each. It is a polar substance contained in nonpolar carriers
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which consisted of corn oil, vegetable glycerin, and yellow beeswax. This raised some
issues when it came to solubilizing the zeaxanthin in media. After adding portions of the
2.286mg zeaxanthin/mL solution to two tubes which became the low (0.114mg/mL) and
high (0.286mg/mL) concentrations and adding in over 30 mL of media to each, the non-
polar components of the capsule came out of solution and made the emulsion not suitable
for using in vitro.

After consulting several sources, we determined that ethanol (EtOH) would be a
suitable solvent for the capsules since EtOH has a polar -OH group and a non-polar ethyl
group. The concentrations of each solution were decreased so that it was 0.01 mg/mL or
0.05mg/mL of EtOH solutions with zeaxanthin.

The media being used at a certain point was much older than had been thought
and negatively affected the cell growth in the culturing flasks. Once discovered, new
media was made and used instead. As a result, the cells that were being incubated did not
have the same cellular growth supplements and some whole plates of cells died due to
poor media, causing the experiments to be delayed.

The CO2 incubator used is a sealed and climate-controlled area that has the ability
to help the cells’ media to remain at a relatively stable neutral pH by combining the H20
in the cells with the CO2 to make a buffer named carbonic acid (H2CO3) and bicarbonate
(HCO3-). Through the use of CO2 at the right level the pH, of the cells can be maintained
at a point around neutral, which is best for their growth. Acidic and alkaline conditions
for the cells inhibit the cells’ ability to grow (gaslab.com, 2021). The CO2 tank was
allowed to run empty during one set of experiments which caused the cells to die and

delay our subsequent experiments.
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Old/non-optimal fetal bovine serum had a similar negative effect on the cells as
the media and our cells were not growing at optimal rates. Media that contained old/ non-
optimal fetal bovine serum was used, but a newly made bottle of media was used when
that had been used completely. Due to this issue the experiments may have been delayed.

Originally, the flasks that were used for cell culturing were integrated vented
caps, when we switched to manually vented caps, human error led to our cultures dying.
This was due to the cells in the T75 flasks not receiving the airflow exchange needed for
growth. After this error, vented-cap T75 flasks were acquired for cell culturing use.
Which eliminated the need for manual venting of the caps and eliminated the human error
which caused cell flasks to be negatively affected when no ventilation occurred. The
number of T75 flasks being kept at this time in the experiment continued to increase to an
excessive degree which then caused the number of vented-cap flasks to be depleted soon
afterward. This led to the return to the use of non-vented cap T75 and the return of
manually vented caps, which again negatively affected the cell health when venting was
not done or not done correctly. In the process of culturing cells in T75 flasks, there were
some flasks that had minor cracks in the plastic, but those that were completely cracked
were discarded. This did not lead to any contamination in the cells that were cultured in
the remaining T75 flasks used.

One limitation came with long term implications regarding cell health was that of
cell senescence in the flasks that had high passage number, the number of times the
culture has been subcultured. This was not confirmed in any way but there appeared to be
a decrease in number of cells, the rate of cell division, and the appearance of the cells that

had a high passage number such as those which were seven and above. Cellular
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senescence is a state of being for cells which is characterized by the lack of cell division.
Senescence can be a positive for organisms because it may mean that the cells have
undergone tumor suppression and other processes, but senescence may also mean that the
cells have undergone cellular damage from which they are not able to recover, and cells
stop cell division/die prematurely.

Experiment 6 did not result in p53 data. It showed that 10,000 cells (in 100uL)
were killed by 5uL of EtOH, 5uL of low, and 5uL of high zeaxanthin treatments, while
the control cells remained alive. The ELISA was not able to be competed due to the
treated groups not containing enough healthy and attached cells. If it had been done, only

the control groups would give p53 data.
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