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Abstract
Cancer affects over 14.5 million U.S. citizens of all ages, socioeconomic statuses,
and races. Some countries have much lower cancer incident rates than the U.S. One major
contributing factor to the lower incident rates is diet. Diets in countries with low rates of
cancer include antioxidant-rich foods like raw fruits, raw vegetables, and spices. Studies
have shown that antioxidants in black tea and berries induce apoptosis in cancerous cells.
Because studies have shown that diet and cancer rates are related, it is important to
analyze what we eat and how it impacts us. In this study, I quantified antioxidant levels
and the ability to induce apoptosis in HeLa cells for three antioxidant-rich foods: spinach,
tomato, and oregano. Antioxidant levels of individual foods and all combinations of these
foods were quantified. I hypothesized that antioxidant levels for food combinations would
be equal to the sum of the individual foods’ antioxidant levels; however, results showed
that total antioxidant levels for all combinations were not additive, but were synergistic in
some way. Oregano had the most antioxidants followed by spinach and then tomato. I
then tested the food extracts on HeLa cells, hypothesizing all the foods and food
combinations would induce apoptosis in these cells. Treating HeLa cells with high doses
of oregano or oregano combinations resulted in nuclear blebbing characteristic of
apoptosis. DNA ladders provided further evidence that these treatments induced
apoptosis in these cells. FOX, cell cytotoxicity, and catalase assays as well as gas
chromatography analysis were performed, showing that oregano and its combinations
were the most promising samples. This research shows how diet can impacts cancer cells
and warrants research on other foods that could possibly be used in cancer prevention or
anti-cancer drugs.
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Introduction
Research on ways in which to decrease cancer rates is extremely important.
Cancer, a multitude of life-threatening diseases characterized by uncontrollable growth or
replication, affects people of all ages, all socioeconomic statuses, and all races. One
interesting part of cancer rates is that some countries, and even different ethnic groups
within a country, have much lower incident rates than others (American Cancer Society,
Cancer Facts & Figures, 2016). One major contributing factor to this difference is diet,
which has become a major focus of research. This emergence of a focus on diet’s effect
on cancer has allowed researchers to build bridges between fields like nutritional science,
healthcare, biology, and more.

Cancer rates
In 2017, there were 14.5 million total cases of cancer in the U.S.; however, this
number is expected to increase to 24 million people by 2035 (National Cancer Institute,
Cancer Statistics, 2017). The United States has a high number of people living with
cancer compared to other countries like Nepal, Yemen, and Namibia (World Health
Organization, GLOBOCAN, 2012) (Figure 1). These three countries, as well as India and
Mexico to name a few other examples, have average age-standardized cancer incident
rates of less than 135/100,000 people (World Health Organization, GLOBOCAN, 2012).
An age-standardized cancer incident rate is the number of incidents per a specific number
of people in the population (World Health Organization, GLOBOCAN, 2012). The agestandardize part refers to population data for all countries being mathematically adjusted
so each country has the same age structure and can be compared easily (World Health
Organization, GLOBOCAN, 2012). The United States has a much higher rate than
7

previously mentioned countries (318/100,000 people) (World Health Organization,
GLOBOCAN, 2012). Diet is one major factor that contributes to this clear difference
(Greenwald et al., 2001). It is also important to note that the average age-standardized
cancer rate is 1.8 times higher in developed countries compared to underdeveloped
countries (268 vs 148 cases of cancer in 100,000) (World Health Organization,
GLOBOCAN, 2012).

Figure 1. Worldwide average age-standardized cancer incident rates for 2012. Data
throughout the entire year from both sexes is included. The data is comprised of all
cancers besides non-melanoma skin cancer. The United States, Canada, Australia, and
several European countries have high rates. India, Mexico, and several countries in Africa
and the Middle East have lower rates. Data comes from GLOBOCAN 2012 (IARC).
8

Diet
The authors of GLOBOCAN 2012 actually estimate that up to one third of the
most common cancers in the world in higher-income countries and about one fourth of
the most common cancers in the world in lower-income countries could be prevented
with lifestyle changes (World Health Organization, GLOBOCAN, 2012). Specifically, for
the 13 most common cancers, 29% of cases in the United States are preventable if
individuals alter their diet, activity level, and weight in positive ways (World Cancer
Research Fund International, Cancer preventability estimates, 2018). This same study also
looked at the UK, Brazil, and China. The authors estimated that the most common
cancers in these countries are respectively 29, 22, and 19% preventable with positive
lifestyle changes (World Cancer Research Fund International, Cancer preventability
estimates, 2018). There have also been many studies done specifically looking at diet’s
role in decreasing rates of cancer. One study looked gathered information from many
studies looking at increased fiber intake on colorectal cancer rates in the world (Howe et
al., 1992). They found that risk of colorectal cancer decreased with increasing fiber intake
(Howe et al., 1992). Another study showed how β-carotene, a pigment found in carrots
and many other foods, is inversely correlated with human cancer risk (Peto et al., 1981).
Given the significant influence of diet on cancer incident rates, this paper will focus on
diet.
The World Cancer Research Fund International suggests three main parts to a
good diet (World Cancer Research Fund International, Cancer preventability estimates,
2018). First, they suggest that people should eat at least 600g of fruits and non-starchy
vegetables a day. Second, people should limit the amount of refined starchy foods and
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processed meats. Third, people should eat their nutritional adequacy without using dietary
supplements if possible.
Since some countries have much lower rates of cancer than others, partially due to
diet, this provides a good reason to study the dietary trends of these low cancer rate
countries. Researching the previously-mentioned countries that have low rates of cancer
unveiled clear trends in their diets. These trends include eating plenty of raw vegetables,
raw fruits, beans, rice, fish, and many spices (Key et al., 2002).

Previous studies on diet and cancer
Many studies have shown that diet and cancer rates are related (Greenwald et al.,
2001). Specifically, natural foods like fruits and vegetables have been shown to cause
cancerous cells to die through apoptosis—programmed cell death that is triggered by
healthy processes in the body (Eguchi et al., 1997). One study looking at food and
apoptosis showed that treating HeLa cells with concentrated black tea extract can cause
cancerous cells to actually undergo apoptosis (Chakrabarty et al., 2011). Similarly, berries
and their phenolic compounds can cause apoptosis of cancerous cells (Yi et al., 2005).
Black raspberries and strawberries are two berries that showed the most pro-apoptotic
effects against the COX-2 expressing colon cancer cell line used in one study (Seeram et
al., 2006). Piperine, one of the main components in black and long pepper, has been
shown to induce apoptosis in cancerous cells as well (Gunasekaran et al., 2017). These
studies, as well as many others, shed light on the possibility of diet being able to impact
cancer rates. It is important to note that different brands of food and time of purchase may
impact results and/or benefits of food treatment on cancerous cells (Choi et al., 2014).
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Antioxidants
A common trend between the foods mentioned above is that they all have high
antioxidant levels. Antioxidants are substances in many foods that inhibit oxidation
(Valko et al., 2007). Oxidation is the process of a material giving up electrons when the
material combines with oxygen (Valko et al., 2007). Reactive oxygen species (ROS) is
the name given to oxygen-containing chemical species that can form during oxidation
(Valko et al., 2007). ROS have important roles in homeostasis and cell signaling;
however, they can also be harmful to cells (Valko et al., 2007) (Figure 2).

Figure 2. Examples of reactive oxygen species. Image comes from
https://www.quora.com/What-are-the-dangers-of-reactive-oxygen-species-in-the-body.
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Antioxidants remove ROS and neutralize free radicals to decrease the likelihood
that damage in the cells will occur (Valko et al., 2007) (Figure 3). One of these
antioxidants is an enzyme called catalase (Imlay, 2003). Catalase helps decompose
hydrogen peroxide (H2O2) to water and oxygen in healthy cells (Imlay, 2003). If catalase
is not functioning properly, H2O2 levels could increase and cause damage to the cell.
Additionally, if other antioxidants were not present, ROS could react with DNA and alter
the genetic makeup of a cell that could potentially lead to cancer or other diseases (Valko
et al., 2007). Therefore, having antioxidants in the body is important when it comes to
preventing DNA damage and other kinds of cellular harm (Valko et al., 2007). It is
puzzling why antioxidants can not only scavenge free radicals in some cancerous cells,
but also induce apoptosis, programmed cell death, of these cells (Valko et al., 2007).

Figure 3. How antioxidants scavenge free radicals. This image portrays how
antioxidants will donate an electron to neutralize the free radical. Image comes from
https://www.healthline.com/nutrition/antioxidants-explained.
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Apoptosis and necrosis
Many of the foods that have been studied caused cancerous cells to die through
the induction of a process called apoptosis. Apoptosis is programmed cell death triggered
by healthy processes in the body (Eguchi et al., 1997). There are many clear signs that a
cell is going through apoptosis. These include nucleus and chromatin condensation,
chromatin cleavage, nuclear blebbing, and phagocytosis (Samali et al., 1999) (Figure 4).
Chromatin condensation’s mechanism is controversial; however, studies suggest it is
likely important in the chromatin cleavage step (Lu et al., 2005). The chromatin cleavage
occurs when caspase-3 cleaves the inhibitor of DNase/DNA fragmentation factor of
45kDa (DFF45) (Enari et al., 1998). The coupled caspase-activated DNase/DFF40 is then
able to digest chromatin into smaller fragments (Fink and Cookson, 2005). Plasma
membrane blebbing occurs from gelsolin, an actin depolymerizing enzyme, being causes
apoptotic bodies to form (Kothakota et al., 1997). These bodies are then taken engulfed
via phagocytosis (Kothakota et al., 1997) (Figure 4). Overall, apoptosis does not cause
inflammation in the body (Eguchi et al., 1997) (Figure 4).
Contrarily, necrosis is cell death caused by external factors such as toxins or
infection and does lead to inflammation (Eguchi et al., 1997) (Figure 4). The membrane
blebs in necrosis similar to what is seen in apoptosis (Figure 4). One of the hallmarks of
necrosis is damage to a cell’s plasma membrane, disrupting homeostasis (Zong and
Thompson, 2006). Water and ions rush into the cell and cause it, as well as many
organelles inside, to swell and lyse (Zong and Thompson, 2006) (Figure 4). All of the
internal cellular components are released into the environment, often causing tissue
damage and an intense inflammatory response (Figure 4) (Zong and Thompson, 2006).
Amorphous densities also form in mitochondria—indications of irreversible injury
13

(Figure 4) (Zong and Thompson, 2006). Apoptosis is a preferred over necrosis in
organisms due to less cellular harm and because it is a natural process (Eguchi et al.,
1997) (Figure 4).

Figure 4. Key differences between necrosis and apoptosis. Image comes from Kumar
et al., 2009.

14

There are different ways to determine if apoptosis is occurring in cancerous cells
in a laboratory setting. One is by observing changes in the nuclear structure such as
nucleus and chromatin condensation that do not occur in necrosis (Daniel and DeCoster,
2004) (Figure 4). Another is observing cytoskeleton (protein structural network in the
cells) breakdown, such as microtubule breakdown, that is a hallmark of apoptosis (Figure
4) (Kumar et al., 2009). Quantifying reactive oxygen species (ROS) levels, which are
often increased in both of these cell deaths, is another way to suggest apoptosis is
happening (Mirakian et al., 2002). Further, researchers can observe DNA ladders
(breakdown of large DNA molecules by caspase-activated DNase) to see if apoptosis is
occurring as opposed to necrosis (Brown et al., 1992).

Previous studies on antioxidant-rich foods
Previous research has suggested that antioxidant-rich foods have potential to
induce apoptosis in cancerous cells. For example, black tea has high levels of
theaflavins—an antioxidant naturally found in this tea (Degenhardt et al., 2000).
Concentrated black tea treatments induce apoptosis in HeLa cells (Chakrabarty et al.,
2011). Researchers have also looked at another tea made of antioxidant-rich Quercus
resinosa leaves that damage HeLa cells during a 24-hour treatment (Rocha-Guzmán et al.,
2009). Another study looked at 92 phenolic extracts from plant material and showed that
apple, willow and pine bark, spruce needles, bog-rosemary, and beetroot peel extracts
have high antioxidant activity (Kahkonen et al., 1999). Cherries also have high
antioxidant properties (Seeram et al., 2001). Additionally, spices often have high levels of
antioxidants and are eaten in many countries with low rates of cancer (Key et al., 2002).
One study showed that curcumin, an antioxidant in turmeric, can induce apoptosis in
15

promyelocytic leukemia HL-60 cells at very low doses (Kuo et al., 1996). Consequently,
with many magazines and fitness centers emphasizing having high levels of antioxidants
in a person’s diet and with many scientific articles focusing on the promise of
antioxidants in disease treatment, I decided to focus this study on antioxidants.
After doing background research on antioxidant-rich foods in countries with low
rates of cancer, I gravitated toward using spinach, tomatoes, and oregano in my study.
These foods are low in cost, are easily accessible for many people, and are eaten often in
many areas of the world with low rates of cancer.
There are several factors that could affect antioxidant levels in a food. First, it is
important to take into consideration in this study that antioxidant levels of foods may
differ depending on the ripening stage of the food (Del Giudice et al., 2015). The type of
extraction solvent used can also impact the antioxidant levels in the resulting extract
(Oboh et al., 2008). Additionally, cooking method can significantly impact total
antioxidant level of some foods like green pepper, peas, and broccoli (Turkmen et al.,
2005).

Combinations of food
Quantifying the antioxidant levels of both individual foods and combinations of
foods and the resulting effect on apoptotic induction of cancerous cells is a valuable
approach to seeing how diet can affect cancer rates. One question to explore is do
combinations of antioxidant-rich foods result in synergistic antioxidant levels? Following
this, do these combinations result in increased apoptotic rates compared to individual
foods alone? Little research has been done on this topic. One previous study analyzed
pomegranate juice (Seeram et al., 2005). The juice had several different antioxidants in it
16

(Seeram et al., 2005). The researchers isolated individual antioxidants and tested them on
several different cancerous cell lines (Seeram et al., 2005). They also tested the whole
juice on these cell lines as well, making sure it was normalized to deliver the same
amount of a chosen antioxidant in each treatment (Seeram et al., 2005). They found that
the bioactivity of the whole juice was greater than the individual antioxidants (Seeram et
al., 2005). This study showed the chemical synergy that can occur when multiple
compounds are combined (Seeram et al., 2005). With few other studies done on this
topic, this gap in research provides compelling reason to study this topic.

Objectives and hypotheses
The first objective of this study was to determine the antioxidant levels in spinach,
tomatoes, and oregano and all possible combinations of these three foods. I hypothesized
that antioxidant levels for food combinations would be equal to the sum of the individual
foods’ antioxidant levels. The second objective was to determine the effect of individual
foods and combinations of food on inducing apoptosis in HeLa cells. HeLa cells are the
cervical cancer cell line used in this study that came from a woman named Henrietta
Lacks (Skloot, 2010). HeLa cells were chosen because they are easily accessible at Butler
University and I was familiar with proper culture technique for this specific line. I
hypothesized that spinach, tomato, oregano, and all possible combinations of these three
foods would induce apoptosis in these cells. Determining the effects of food extract
treatment on HeLa cells could help suggest diets including specific foods or combinations
of foods to hopefully decrease cancer rates. The overall best treatments could be studied
further in the future to better understand the antioxidant compounds present in them that
may be inducing apoptosis of HeLa cells. These compounds themselves, or compounds
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similar in structure that could be found via online databases, could be targeted for
anticancer drug research. My hope is that this work inspires further research on the effect
of food interaction and shows the importance of nutritional science in cancer research.

Materials and Methods
Obtaining food materials
Spinach, tomato, and oregano were purchased from three local stores: Kroger,
Marsh, and Target (Fresh Thyme was used to purchase oregano instead of Target because
oregano was not available at Target) (Indianapolis, IN). Half of each purchased food was
stored in the refrigerator (4°C) while the other half was stored in the freezer (-20°C). For
an experiment comparing place of purchase, food was bought from all three of these
stores twice within a one week period in May 2017. All of this food was also purchased
in July 2017, and February 2018.

Natural extracts
Natural extracts—samples containing realistic amounts of compounds that an
individual would consume if ingesting the food—were made. 4.00g of each individual
food was weighed (both fresh and frozen samples were used individually). For the
combinations, either 2.00g of one food + 2.00g of another food were combined or 1.33g
of one food + 1.33g of another food + 1.33g of the last food were combined. Food was
cut into small pieces before being added to 50ml conical tubes. 20mL of water was added
to each tube. This entire procedure was repeated using 20ml of Ruffino Pinot Grigio 2015
wine (Target, Indianapolis, IN) instead of water. There were 28 tubes due to the fresh
versus frozen factor and the water versus wine extraction solvent factor. Samples were
18

ground using a homogenizer (Brinkmann Instruments Co., PCU-11, Switzerland) and
then centrifuged (International Equipment Co., HN-S, Needham Heights, MA) for 15
minutes at 16000 x g. Extracts were filtered into new 50ml conical tubes. Tubes were
stored at -20°C. For later use, tubes were thawed in a warm water bath to room
temperature.

Drying food
Concentrated extracts—samples containing higher doses of compounds that are
not realistic of what an individual naturally ingests—were also made. Three large pieces
of aluminum foil were filled with a thin layer of either frozen spinach, tomato, or oregano
and had their edges curled up. Foils were placed in an oven (Qunicy Lab Inc., 21-350,
Chicago, IL) at 225°F for 4 hours (or until food was dry). Foils were taken out of the oven
and each dried food was ground up into a fine powder using a mortar and pestle. Powders
were transferred to glass vials with lids, labeled, and stored at room temperature.

Concentrated extracts
For the individual food samples, 500mg of each powder was added to separate
15ml conical tubes. For the combinations, either 250mg of one food + 250mg of another
food were combined or 166.67mg of one food + 166.67mg of another food + 166.67mg
of the last food were combined. 10ml of water was added to the tubes. This entire
procedure was repeated using 10ml of Ruffino Pinot Grigio 2015 wine instead of water.
There were 14 tubes due to having just the water vs wine extraction solvent factor.
Samples were ground using the homogenizer and then centrifuged (International
Equipment Co., CL, Needham, MA) for 15 minutes at 11,300 x g. Extracts were filtered
19

into new 15ml conical tubes. Tubes were stored at -20°C. For later use, tubes were
thawed in a warm water bath to room temperature.

Determining antioxidant levels
Antioxidant levels of each individual food and each combination were determined
using a gallic acid assay as described in Oboh et al. (2008). In this colorimetric assay, the
more antioxidants present in a sample, the darker the color of the solution will turn. The
degree of coloration was quantified by an iMark AbsorbanceMicroplate Reader (Bio-Rad,
Hercules, CA).
A water-gallic acid standard curve was made. 1000mg of gallic acid (Sigma
Aldrich) was weighed and mixed with 1000ml of water to give a 1000ppm solution. 5ml
of this solution was transferred to a tube labeled 500ppm. 5ml of DI water was added to
this tube and mixed well. 5ml of this 500ppm solution was put into a test tube labeled
250ppm and 5ml of water was mixed in. This process was continued to produce a
standard curve including 1000, 500, 250, 125, 62.5, 31.25 and 0ppm. The 0ppm was just
DI water that acted as the blank for the absorbance microplate reader. Standard solutions
were stored at 4°C for up to two weeks. They were left to warm to room temperature
before use in the experiment. The 1000ppm was not actually used in the calibration curve
when samples were run because it was beyond the normal range of the absorbance
microplate reader.
A wine-gallic acid standard curve was also made. 50mg of gallic acid was added
to 100ml of Ruffino Pinot Grigio 2015 wine to give a 500ppm solution. 10ml of this was
added to a tube labeled 500ppm. 5ml of this solution was transferred to a tube labeled
250ppm. 5ml of wine was added to the tube and mixed well. Then 5ml of this 250ppm
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solution was put in a tube labeled 125ppm and 5ml of wine was added and mixed. This
process was continued to produce a standard curve including 500, 250, 125, 62.5, 31.25
and 0ppm. The 0ppm was just wine that acted as the blank for the absorbance microplate
reader. Standard solutions were stored at 4°C for up to two weeks. They were left to
warm to room temperature before use.
50μL aliquots of each food extract was added to its own 1.5ml Eppendorf tube.
These included natural water extracts, natural wine extracts, concentrated water extracts,
and concentrated wine extracts of individual foods and combinations of food. 430μL of
water and 20μL of Folin-Ciocalteu reagent (Sigma Aldrich) was added to all tubes and
tubes were vortexed (Scientific Industries Inc., K-550-G, Bohemia, NY) for 3 seconds.
50μL of 7.5% Na2CO3 (J.T. Baker Chemical Co.) was then added followed by 3 more
seconds of vortexing. Tubes were capped at room temperature for 45 minutes. Triplicates
of each water and wine standard (500, 250, 125, 62.5, 31.25 and 0ppm) were subject to
these same steps. After the 45 minutes, triplicate 100μl sample and standard aliquots were
plated into 96 well plates. The plate was read in the absorbance microplate reader at
750nm. Water samples were compared to the water standard curve and wine samples
were compared to the wine standard curve.
Absorbance of each standard was plotted versus its gallic acid concentration
(ppm) in Excel. The linear regression equation and R2 value were then obtained. The R2
value for each standard curve was analyzed to determine precision in making the standard
solutions. Absorbance readings from each sample were entered into the equation for their
respective standard curve to solve for the antioxidant level in the sample. These values
were used to find antioxidant levels in the original food or combination of food by
working backwards from the amount of material used for the initial extraction and the
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amount of extraction solvent used (ex. 4.00g and 20ml for the natural samples and 0.5g
and 10ml for the concentrated samples). Antioxidant levels of two-food combinations
were multiplied by 2 while the three-food combinations were multiplied by 3. This was
done because the original extractions for combinations still only had a total of 4.00g or
500mg of food material. A consistent 4.00g or 500mg total food material was
implemented so the combinations of food could still be ground easily, the absorbance
value would still fall on the standard curve, and the absorbance value would be in the
normal range for the absorbance microplate reader to measure. Next, individual foods’
antioxidant levels were compared and conclusions were drawn. Then data from combined
foods was compared to the individual foods’ data making up that combination to see if
antioxidant levels had additive, synergistic, or another pattern when the foods were
combined.
This entire experiment was performed three separate times with food purchased
and used in May 2017, July 2017, and February 2018.

Culturing and passaging HeLa cells
Cells (1ml) were purchased from American Type Culture Collection and stored at
–80°C before being thawed and transferred into a T25 flask with 7ml complete DMEM
medium (10% FBS+1% Penicillin/Streptomycin+2mM L-glutamine+1mM sodium
pyruvate) in a Class 2II, Type A2 Biosafety Cabinet (BSL-2 hood) (Labconco, Kansas
City, MO). Cells were maintained in a Water Jacket 3010 incubator (ThermoFisher
Scientific, Waltham, MA) at 5% CO2 with saturated humidity at 37°C. Cells were
checked under an inverted phase contrast microscope (Unico, IV953T, Unico, NJ) daily
to make sure no contaminants were present.
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Once cells were noted as 85-90% confluent by visual inspection with the inverted
phase contrast microscope, they were transferred into new T25 flasks (about every 5-7
days). To passage cells in the BSL-2 hood, medium from the culture flask was removed
and discarded. Cells were then washed with 4ml of phosphate-buffered saline (PBS)
solution (Sigma Aldrich). The flask was rocked to make sure all cells were washed before
discarding the PBS. Next, 1ml of warmed 0.25% trypsin (ThermoFisher) was added and
the flask was rocked to make sure all cells were covered by the trypsin. The flask was
incubated at 37°C in a 5% CO2 incubator for 1-2 minutes or until cells had detached from
the flask and from one another, noted by using the inverted phase contrast microscope.
7ml of warmed complete DMEM medium was added to each new culture flask. 6ml of
warmed fresh complete DMEM medium was added to the trypsinized flask and pipetted
up and down to break up cell clumps. Immediately, 0.5ml of this solution was added to
each of the 7ml new flasks (1:14 passage ratio) and pipetted up and down to mix. Flasks
were labeled with the date and passage ratio and stored in the incubator. Cells were
analyzed for confluency and presence of contamination daily.

Seeding HeLa cells for microscopy
In the BSL-2 hood, 12-well plates were labeled with future treatments for each
well. Sterilized forceps were used to sterilize glass coverslips in 70% ethanol for 3
seconds. Coverslips were rested against well walls to dry. Once dry, they were laid down
to cover the bottom of the well. 1ml of fresh warm complete DMEM medium was then
added to each well in preparation for the addition of cells. After making sure flasks of
HeLa cells were healthy, cells were washed and trypsinized in accordance with the
directions previously listed. Once the 6ml of warm complete DMEM medium was added
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to the trypsinized cells and mixed. 400μl of cells from the trypsinized flask were seeded
into each well. Plates were gently rocked to prevent cells from clumping and stored in the
incubator. Cells would be ready to treat 48 hours later when they were between 85-90%
confluency.

Treating HeLa cells for microscopy
The liquid extracts for each individual food or combination of food were filtered
into new 2ml Eppendorf tubes using 0.2μm, 25mm diameter Nalgene syringe filters
(ThermoFisher Scientific, Rochester, NY) in a BSL-2 hood. 12 well plates were removed
from the incubator and checked for contamination and confluency prior to use. Old
medium was removed and 1.5ml of fresh medium was added. Wells were then treated
with 500μl of filtered-sterilized natural extracts or 100, 200, or 400μl of filter-sterilized
concentrated extracts for 48 hours by adding the extract directly to the medium. Control
treatments were water and wine, both in 100, 200, 400, and 500μl treatment volumes. A
treatment of 7.5μl of black tea concentrate (200μg/ml) (Sigma Aldrich) was used as a
positive control. Cells were allowed to grow for 48 hours with a check for contamination
at 24 hours. This entire experiment was run twice.

Microscopy
After the 48-hour treatment, medium was removed and cells were washed with
1ml of PBS twice. PBS was discarded after each wash. Cells were then fixed with 0.5ml
of 2% paraformaldehyde (PFA) (Sigma Aldrich), covered, and let sit for 10 minutes with
occasional rocking. PFA crosslinks proteins and organelles to essentially “freeze” the
cells in their current state so they will look like they did right after treatment when they
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are visualized later. After 10 minutes, PFA was removed and disposed into a PFA waste
container. Cells were then washed four times with PBS. Once the last wash of PBS was
removed, 0.5ml of permeabilization solution (0.2% Triton X-100 detergent) (Sigma
Aldrich) was added to make the cell membranes more porous and allow the stain to
diffuse into the cells more quickly. Plates were covered and rocked continuously for 2
minutes before 1ml of PBS was added. The solution was removed and cells were then
washed with PBS four times. Cells were then stained with 50μl of DAPI (4’,6-diamidino2-phenylindole) stain (1μg/ml DAPI in 2% bovine serum albumin blocking solution)
(Sigma Aldrich). DAPI binds to A-T regions of HeLa DNA. DAPI was left on the cells
for 5 minutes at room temperature before 1ml of PBS was added to stop the staining
process.
Coverslips were removed with forceps and placed cell side down on 10μL dots of
Mowiol 4-88 mounting medium (Sigma Aldrich) on microscope slides and left to dry.
Coverslips were sealed using clear nail polish and covered in foil until completely dry.
Once dry, they were stored in a dark microscope slide box.
Cells were observed under a fluorescent microscope (Leica, DMLB, Hamburg,
Germany). Data was collected by dividing slides into two quadrants, taking an 890μm by
580μm image from each quadrant, counting up to 25 cells in each image, and determining
the status of each cell (apoptotic or not). Some samples had fewer than 50 total cells
within two 890μm by 580μm area images. For these samples, all present cells in the
images were counted and this total number of cells counted was noted. Control samples
of 100, 200, 400, and 500μL of water, 100, 200, 400, and 500μL of wine, and 7.5μL of
black tea were used to compare the treatments to.
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DNA extraction and gel electrophoresis
Another piece of evidence to see if treatments caused cells to undergo apoptosis
was observing a DNA ladder. Apoptotic DNA is characterized by being cut about every
180 base pairs due to DNase cleavage, causing a ladder to appear on the gel as opposed to
unfragmented DNA in non-apoptotic cells (Brown et al., 1992).
T25 flasks with cells at 85-90% confluency had medium removed and 3ml of
fresh medium added. Cells were treated with filter-sterilized (0.45μm syringe filters)
natural and concentrated extracts for individual foods and combinations of food (both
water and wine extracts) (28 total treatment flasks). Flasks were given either 1000μl of
natural food extract or 200μl of concentrated food extract. Controls were 1000 and 200μl
of water, 1000 and 200μl of wine, and 15μl of the Sigma black tea concentrate (5 control
flasks). Cells were incubated for 48 hours with a 24 hour check for contamination.
After 48 hours, medium was removed and flasks were rinsed once with PBS.
500μl of freshly-made 2X lysis buffer (1% SDS, 20mM Tris pH 7.5, 40mM EDTA 0.5
pH 8, 100mM NaCl, and 7.8ml ddH20) was added. Cells were scraped off the sides of the
flask using cell scrapers (Sigma Aldrich, Allentown, PA). The liquid was transferred into
1.5μl Eppendorf tubes and placed on ice for 30 minutes.
Tubes were then spun in a microcentrifuge (Bio-Rad, 16K, Hercules, CA) at 430 x
g for 1 minute at room temperature. Cells were resuspended in 500μl of TE 1X buffer
(Tris pH 7.5 10mM/EDTA 1mM). 500μl of lysis buffer 2X and 2μl of RNase (10mg/ml)
(New England Biolabs Inc.) were then added. Tubes were mixed by inversion and
incubated at 37°C for 30 minutes. Next, 10μl of proteinase K (10mg/ml) (New England
Biolabs Inc.) was mixed in and tubes were incubated at 52°C overnight. In the morning,
tubes were inverted several times and left to cool to room temperature. 800μl of
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phenol:chloroform 1:1 (Sigma Aldrich) was then added. Tubes were mixed on an orbital
shaker (Daigger Scientific, 980570, Vernon Hills, IL) for 5 minutes. Following shaking,
tubes were centrifuged at 16000 x g at room temperature for 5 minutes. Next, 700μl of
aqueous phase was collected and put into a new Eppendorf tube. 1/10 volume of NaOAC
3M pH 5.2 (70μl) (Sigma Aldrich) and 1 volume of ice cold EtOH 95% (1000μl) was
added. Tubes were mixed by inversion and spun at 16000 x g for 10 minutes. EtOH was
removed and tubes were left to air dry for 30 minutes. Once completely dry, 50μl of TE
1X buffer (ThermoFisher) was added and tubes were mixed. Tubes were placed on ice
and immediately subject to DNA quantification. However, the tubes could have been
stored at -20°C and used for DNA quantification at a later time.
The amount of DNA in each tube was determined by placing 1l samples in a
NanoDrop 2000c spectrophotometer (ThermoFisher Scientific, Waltham, MA). The
machine was cleaned with DI water in between each sample. The measured
concentrations of DNA were recorded and used to figure out how much of each sample
would be loaded into the gel in the next step.
Gel electrophoresis was performed using a 2% agarose gel with 0.5X TBE buffer
(ThermoFisher). New 1.5ml Eppendorf tubes were labeled with the samples from the
DNA extraction (28 treatments and 5 controls). In each tube, a total of 25μl of liquid was
added- 5μl of 5X Xylene Cyanol FF dye (Sigma Aldrich), a maximum of 10μg of DNA
from a sample, and the remaining volume comprised of DI water. Tubes were vortexed
for 3 seconds and then wells were loaded. Lane 1 was loaded with 5μl of HyperLadder II
(Bioline). The gel was run at 70V for 1 hour before being turned off and left to cool. The
gel was then removed and imaged on an Alphamager HP gel documenter (ProteinSimple,
Santa Clara, CA).
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Fox assay
A ferrous ammonium sulphate/xylenol orange (FOX) assay was used to determine
H2O2 concentrations inside (endogenous) and outside (exogenous) of treated HeLa cells.
Natural and concentrated extracts were used in an exogenous FOX assay while only
natural extracts were used in an endogenous FOX assay. For the exogenous assay, 200μl
of medium from the HeLa cells’ T-25 flasks that were given a specific treatment for 48
hours was placed in an Eppendorf tube. A positive control of black tea and negative
controls of either water or wine (1000 and 200μl) were used. 200μl of complete DMEM
medium was placed in one Eppendorf tube as a blank. Tubes had 20μl of 5mM
KCN+25mM NaPO4 (pH 6.2) added to them and were stored on ice.
A standard curve of known H2O2 concentrations was made using a serial dilution.
11l of 30% H2O2 (8.8M) (Sigma Aldrich) was added to a 100ml volumetric flask which
was filled to the 100ml mark with DI water (1000μM H2O2 solution). 1ml of the 1000μM
solution was added to 9ml of water and mixed to provide a 100μM solution. 1ml of the
100μM solution was added to 1ml of water and mixed to provide a 50μM H2O2 solution.
This process was repeated to produce a standard curve including 100, 50, 25, 12.5, 6.25,
3.125, 1.5625, and 0.78125μM solutions. The 0μM solution was just DI water that acted
as the blank for the absorbance microplate reader.
For the assay, a working solution of reagents A (25mM ammonium ferrous (II)
sulfate (AFS) and 2.5M H2SO4) and B (100mM sorbitol and 125μM Xylenol orange in
water) was made in a 1:100 volume ratio. The assay was then conducted using 500μl of
working solution and 50μl of the treated medium, standard H2O2 solution, or blanking
medium.
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Tubes were incubated at room temperature for 40 minutes to develop color. Tubes
were then centrifuged at 8000g for 10 minutes before being transferred to a 96-well plate
in triplicate. Absorbance was read in an absorbance microplate reader at 560nm which
was blanked with an aliquot of plain complete DMEM medium + working solution.
Absorbance of each standard was plotted versus its H2O2 concentration in Excel (water
and wine had separate graphs). The linear regression equations and R2 values were
obtained. Absorbance values for samples were entered into the linear regression equation
for their respective standard curve to determine the concentration of H2O2 (μM) in each
sample.
The endogenous assay was performed in the same way except for the 200μl
medium part. For this step, cells were passaged per usual; however, after the PBS step,
500μl of freshly-made 2X lysis buffer (1% SDS, 20mM Tris pH 7.5, 40mM EDTA 0.5
pH 8, 100mM NaCl, and 7.8ml ddH20) was added to each flask. Cells were scraped off
the flask using cell scrapers. 200μl of this medium was transferred to an Eppendorf tube.
A positive control of black tea and negative controls of either water or wine (1000 and
200μl) were used. The remaining steps were the same as above.
After running these assays, promising samples were run in another exogenous and
endogenous assay with a 72-hour treatment instead of 48 hours. All of the same steps as
described above were followed for these assays.

Cytotoxicity assay
Cell viability post-treatment was quantified using a cytotoxicity assay (Cell
Counting Kit-8 (CCK-8), Sigma Aldrich). This assay uses a water-soluble salt (WST-8),
which makes a formazan dye when reduced by dehydrogenases, to detect the number of
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viable cells present after treatment compared to a control (Sigma Aldrich Corp [package
insert], purchased 2018). The more intense the color produced, the greater number of
living cells are present.
100l aliquots of cells were seeded, as described above, into 48 wells of a 96-well
plate. 100l of complete DMEM medium was added to 3 wells as blanks for the
absorbance microplate reader. Cells were incubated for 24 hours. Healthy cells were then
treated with 33μl of their filter-sterilized natural treatment (natural spinach, oregano, or
spinach+oregano for water and wine) or with 6μl of their filter-sterilized concentrated
treatment (concentrated spinach, oregano, or spinach+oregano for water and wine) and
incubated for 48 hours. Health of cells was checked at 24 and 48 hours post-treatment.
After the 48 hours, 10μl of CCK-8 solution was added to each well, including the
blanks. Cells were incubated for 3 hours before absorbance values were read at 450nm to
determine changes in cell viability for treatments compared to controls. Only one trial of
the assay was run.

Catalase activity
Levels of exogenous catalase activity were quantified 48 hours post-treatment
using a guaiacol assay. 400l of cells were seeded per usual into 32 12-well plate wells
and incubated for 48 hours.
Prior to experiments, cells were determined to be healthy by visual inspection.
Medium was drawn off and 1.5ml of fresh medium was added. 1.5ml of medium was also
added to two wells to serve as blanks. 500μL of filter-sterilized natural oregano, spinach,
and spinach+oregano water extract (4g/20ml) were added to their wells. The control was
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a treatment of 500μl of DI water. This was repeated for the next four wells in the same
volumes but with the filter-sterilized natural wine extracts. The control for this part was a
treatment of 500μl of filter-sterilized wine. Next, the filter-sterilized concentrated water
extracts for spinach, oregano, and spinach+oregano were added to their wells in 200μl
volumes. The control was a treatment of 200μl of DI water. Lastly, 200μl volumes of the
filter-sterilized concentrated wine extracts for spinach, oregano, and spinach+oregano
were added to their wells with the control being a 200μl filter-sterilized wine treatment.
The entire experiment was replicated in the remaining wells. Cells were incubated for 48
hours with a contamination check at 24 and 48 hours.
Fresh substrate for the experiment was made by adding 3μl of 30% H2O2 (Sigma
Aldrich) to 10μl of guaiacol (Sigma Aldrich) in a 10ml volumetric flask and brining the
solution to 10ml with DI water.
After 48 hours, exogenous medium was collected in Eppendorf tubes and
centrifuged at 16000 x g for 5 minutes. 100μl volumes of samples and blanks were loaded
in triplicate into a 96-well plate. Quickly, 100μl of the substrate solution was added to
each well. The plate was read in the absorbance microplate reader at 490nm every 20
seconds for 15 minutes. Slopes of the absorbance versus time graph correlating to each
well were recorded. Average slopes of food extract samples were compared to the
average slope of their respective control to look for changes in catalase activity. Only one
trial of this assay was run.

Structural analysis of foods
Gas chromatography was used to study component compounds of spinach,
oregano, and spinach+oregano, as tomato did not show as much promise from previous
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studies described above. Additionally, it could not be used in the Trace 1310 gas
chromatograph (ThermoFisher Scientific, Waltham, MA) because it could not be ground
into a complete powder. Small amounts of dried powders of the three samples were
placed into their own glass vial. 3ml of MeOH was added and left to sit for 15 minutes.
0.5μl of the MeOH spinach sample was injected into the gas chromatograph at 180°C to
run for 25 minutes (the time it took for the entire sample to run through the GC before the
next sample could be injected). Then 0.5μl of the MeOH oregano and spinach+oregano
samples were run.
Next, an evolved gas analysis (EGA) was run for the dry samples. About 15mg of
the dry spinach sample was inserted into the GC at 180°C and run for a total of 24
minutes (the time it took for the entire sample to run through the GC). Then about 15mg
of dry oregano and spinach+oregano samples were run.
For both analyses, significant peaks were highlighted in the Thermo Xcalibur
Software Version 3.1 (ThermoFisher Scientific, Waltham, MA). Peaks were deemed
significant based on height and narrowness, representing more of that specific compound
present and the better it eluted respectively. The library tool was used to estimate what
compound the peak corresponded to. The percent certainty that a specific peak was the
compound from the library was recorded. These compounds were researched and
interpreted in the context of this study.

Results
Storing method does not alter antioxidant levels
After comparing antioxidant levels of the three fresh samples for each food versus
the three frozen samples, no significant differences were found for spinach (p=0.340),
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tomato (p=0.977), or oregano (p=0.768) (Figure 5). Therefore, freezing did not have an
effect on antioxidant levels of extracts (Figure 5). Wine extracts showed a similar trend.
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Figure 5. The effect of storing method on total antioxidant level of food samples
using a gallic acid assay. Each bar contains water extracts from three different stores
(n=3). Error bars represent ± one standard deviation. T-tests showed no significant
difference in antioxidant levels between fresh versus frozen samples for any food
(p<0.05).
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Place of purchase does not affect antioxidant levels
There were also no significant differences in antioxidant levels based on place of
purchase for spinach (p=0.707), tomato (p=0.966), or oregano (p=0.971) (Figure 6). Wine
extracts showed a similar trend.
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Figure 6. Comparison of antioxidant levels of foods based on store using a gallic acid
assay. Each bar contains two samples of frozen food bought within a week of each other
(n=2). Error bars represent ± one standard deviation. T-tests showed no significant
difference in antioxidant levels between places of purchase for any food (p<0.05).

34

Antioxidant levels depend on extraction solvent
In terms of solvent used, water extracted more antioxidants than wine did from
spinach (p=0.0009), tomato (p=0.0073), and oregano (p=0.0006) (Figure 7).

Figure 7. Comparison of antioxidant levels of foods based on extraction method
using a gallic acid assay. Each bar contains frozen samples from three stores (n=3). The
water values are the same values from figure 1. Error bars represent ± one standard
deviation. * indicates a significant difference (p<0.05).
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Combining foods alters antioxidant levels in a non-additive way
After determining the antioxidant levels of individual foods, combinations of food
were analyzed. Combining foods and sequentially determining antioxidant levels resulted
in antioxidant levels that were greater than simply adding the two or three foods’
antioxidants levels that were combined (Figure 8, Table 1). Therefore, this data suggest
possible synergistic results when combining foods (compare adding spinach, tomato, and
oregano to the spinach + tomato + oregano value) (Figure 8). This trend occurred for both
natural and concentrated samples for both water and wine extracts (Figure 8, Table 1).
Food samples run in July and February also had similar trends (Figure 9).
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Figure 8. The effect of combining foods on total antioxidant level for natural water
extracts. Frozen food from one store purchased in May was used in this assay (n=1).
4.00g of each individual food, 2.00g of one food + 2.00g of another food, and 1.33g of
one food + 1.33g of another food + 1.33g of the last food were extracted with 20ml of
water. Samples were run in triplicate in the absorbance microplate reader so error bars
represent ± one standard deviation.

Antioxidant level differ between fresh weight and dry weight samples
Antioxidant levels of natural and concentrated samples were then compared.
Results show that there are higher antioxidant levels for the concentrated extracts
compared to natural extracts for all individual foods and combinations of foods (Table 1).
In both natural and concentrated samples, when foods were combined, their antioxidant
levels were greater than the sum of their individual foods’ antioxidant levels (Table 1).
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Therefore, this data suggests possible synergistic results when combining foods (compare
adding spinach, tomato, and oregano to the spinach + tomato + oregano value) (Table 1).
Natural and concentrated wine extracts also followed this trend. Additionally, food
samples run in July and February showed similar results (Figure 9).

Sample

Spinach Tomato

Oregano

Spinach
+
Tomato
530±50

Spinach Tomato +
+
Oregano
Oregano
4000±100 3930±90

Spinach +
Tomato +
Oregano
5900±300

Water
370±6
110±10
2100±20
extraction
fresh
weight
Water
1800±40 1600±300 8400±200 2700±200 11350±40 10100±300 14700±300
extraction
dry
weight

Table 1. Comparison of antioxidant levels of fresh weight food versus dry weight
food in mg GAE/g. This table provides quantitative data for Figure 8. Food purchased in
May was used in this assay (n=1). 4.00g of each individual food, 2.00g of one food +
2.00g of another food, and 1.33g of one food + 1.33g of another food + 1.33g of the last
food were extracted with 20ml of water. Samples were run in triplicate in the absorbance
microplate reader so error bars represent ± one standard deviation.
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Antioxidant levels of some foods or combinations of food can vary by month
Additionally, because foods were purchased and analyzed during three different
months of the year, comparisons of antioxidant levels based upon month were made.
Results show possible differences in total antioxidant levels between some individual
food samples and some combinations of food based on month food was bought and used
(Figure 9). Figure 9 specifically shows differences in the spinach samples, the oregano
samples, the tomato+oregano samples, and in the spinach+tomato+oregano samples;
however, data from natural wine extracts, concentrated water extracts, and concentrated
wine extracts all have slight differences in what specific individual foods or combinations
of foods differ in antioxidant levels.
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Figure 9. Antioxidant levels of natural food extracts based on the month the food
was bought and the analysis was completed. Foods for each month were run one time
(n=1) and read in triplicates. Error bars represent ± one standard deviation from the
technical replicates. Same letters indicate no significant difference whereas different letter
indicate a statistical difference. Letters come from chi-squared tests performed (p<0.001).

Micrographs of natural extract treatments only showed signs of apoptosis in the oregano
water extract sample
Collectively, results indicated antioxidant levels differed between foods, were
synergistic in food combinations, and likely varied a bit by month. Next, the ability of
these foods to induce apoptosis in HeLa cells was evaluated. The black tea positive
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control showed clear apoptotic induction in HeLa cells (Figure 10). Besides the oregano
water samples, there were no clear signs in the microscope slide images that any 500μl
48-hour natural extract treatment induced apoptosis in HeLa cells (Figure 10). This trend
was observed for both water and wine extracts.

Figure 10. The effect of natural food extracts on HeLa cells after a 48-hour
treatment. HeLa cells treated with 500μL of natural food extracts in 1.5ml of medium.
A) A control of 500μL of water, B) the water control with mitotic and non-apoptotic
cells, C) a control of 500μL of wine, D) a 7.5μL concentrated black tea control, and E)
the black tea with apoptotic cell are pictured. F) Spinach water extract and G) spinach
wine extract treatments are shown. Images taken with a 10X objective (A, C, D, F, and G)
or with a 20X objective (B and E).
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The black tea control and the oregano water extract were the only treatments
associated with three or more apoptotic cells within the total 50 that were counted (Table
2).

Table 2. Quantification of apoptotic cell induction in HeLa cells after a 48-hour
treatment of 500μl of natural food extract in 1.5mL of DMEM medium. Data
collected by dividing slides into two quadrants, counting up to 25 cells in each quadrant,
and determining the status of each cell (n=1). Samples with fewer than 50 total cells
counted did not have 50 cells within two quadrants with dimensions of 890μm by 580μm.
Control samples of 500μl of water, 500μl of wine, and 7.5μl of black tea were used
(noted in grey). Yellow shading notes the presence of three or more apoptotic cells in the
total number of cells counted.

Concentrated extract treatment on HeLa cells shows possible dose-dependent apoptotic
induction
Micrographs of filter-sterilized concentrated extract treatment were then analyzed.
The micrographs of concentrated oregano extract treatments suggest possible dose-
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dependent apoptotic induction in HeLa cells (Figure 11D-E). Other concentrated water
and wine extracts showed similar results.

Figure 11. The effect of concentrated food extracts on HeLa cells after a 48-hour
treatment. HeLa cells were treated with 100, 200, or 400μL of concentrated food extracts
(50mg/ml) in 1.5ml of medium. Controls of A) 100μL, B) 200μL, and C) 400μL of water
and concentrated oregano water extract treatments of D) 100μL, E) 200μL, and F) 400μL
micrographs are pictured. Images taken with a 10X objective.

The concentrated extract treatment seemed to have an impact on cell viability
(Table 3). The table shows that several treatments induced low amounts of apoptosis.
Additionally, high treatment doses seemed to kill off cells in some samples (Table 3).
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Table 3. Quantification of apoptotic cell induction in HeLa cells after a 48-hour
treatment of 100, 200, or 400μL of concentrated food extract in 1.5mL of DMEM
medium. Data collected by dividing slides into two quadrants, counting up to 25 cells in
each quadrant, and determining the status of each cell (n=1). Samples with fewer than 50
total cells counted did not have 50 cells within two quadrants with dimensions of 890μm
by 580μm. Control samples of 100, 200, and 400μL of water, 100, 200, and 400μL of
wine, and 7.5μL of black tea were used (noted in grey). Yellow shading notes the
presence of three or more apoptotic cells in the total number of cells counted. Decreases
in total cells available to count are noted by red asterisks.
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Gels show possible apoptosis induction due to some treatments
Next, treated HeLa cells had their DNA isolated and run on a gel to look for
further evidence of apoptosis. HeLa cell DNA treated with natural water extracts of
oregano and spinach+oregano showed signs of degradation, indicated by smearing on the
gel, suggesting some apoptosis could be occurring (Figure 12A). Also indicating
apoptosis is occurring were signs of DNA degradation on the gel for concentrated water
extracts of spinach, tomato, oregano, tomato+oregano and concentrated wine extracts of
spinach+tomato, spinach+oregano, tomato+oregano, and spinach+tomato+oregano
(Figure 12B). DNA from cells treated with black tea did not show signs of degradation in
the first gel but did in the second, even though the treatment dose was the same (Figure
12A and B).
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Figure 12. HeLa DNA from cells treated with natural and concentrated food
extracts analyzed for a DNA ladder indicative of apoptosis. Cells were given 3ml of
fresh medium and A) 1000μL of natural food extract treatment with controls of 1000μL
of water, 1000μL of wine, and 15μL of black tea or B) 200μL of concentrated food
extract treatment with controls of 200μL of water, 200μL of wine, and 15μL of black tea.
DNA was extracted after 48 hours. Where possible, a maximum of 10μg of DNA was
loaded into each well of a 2% agarose gel and run at 70V for 1 hour. (L=ladder,
C=control, BT=black tea, S=spinach, T=tomato, O=oregano, A=all
(spinach+tomato+oregano), W=wine). Asterisks note wells that show the presence of
possible DNA degradation.

Some food extracts had high H2O2 levels inside and outside HeLa cells
After noting signs of apoptosis in several samples, H2O2 levels inside and outside
cells were analyzed. High levels of H2O2 often indicate a normal mechanism in the cell is
not working properly and can be a sign of cell death (Imlay, 2003). A few foods have
greater than zero levels of exogenous and/or endogenous H2O2 (Table 4). These extracts
for the exogenous assay were natural oregano water and wine extracts and natural
spinach+oregano water and wine extracts (Table 4). The extract that had a non-zero H2O2
concentration in the endogenous FOX assay was natural oregano wine (Table 4). Most
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extracts in the table had very low levels of H2O2 inside and outside the cells; however,
natural oregano wine had very high levels in both of the exogenous and endogenous
assays (Table 4).
For the assays with a 72-hour treatment time, the extracts that had a non-zero
H2O2 concentration are listed in Table 5. More extracts had non-zero H2O2 concentrations
in the exogenous experiment (14 versus 7) (Table 5). Additionally, a possible dosedependent response is revealed with the concentrated oregano water and concentrated
oregano wine samples in the exogenous assay (Table 5). Compared to Table 4, most of
the 72-hour non-zero samples that were also present in the 48-hour treatment table all had
similar H2O2 concentrations to their respective 48-hour treatments (Table 5). However,
natural spinach+oregano wine was higher in the 72-hour treatment (Table 5).
Additionally, natural oregano wine (1000μl) had a dramatically lower endogenous H2O2
concentration in the 72-hour treatment than in the 48-hour treatment (Tables 4 and 5).
The new volumes of concentrated oregano water and wine (400 and 800l) showed a
likely dose-dependent increase in H2O2 concentration in the 72-hour study (Table 5). The
concentrated oregano wine sample did not show up in the 48-hour treatments at all (Table
4). The 72-hour treatment also showed the presence of a few other new non-zero
treatments such as natural tomato+oregano water extract (1000μl) that were not in the 48hour treatment (Tables 4 and 5).
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Food
Control water (1000μl)
Control water (1000μl)
Control wine (1000μl)
Control wine (1000μl)
Black tea concentrate (15μl)
Black tea concentrate (15μl)
Natural Oregano water (1000μl)
Natural Oregano water (1000μl)
Natural Oregano water (500μl)
Natural Oregano water (250μl)
Natural Oregano wine (1000μl)
Natural Oregano wine (1000μl)
Concentrated Oregano water (200μl)
Concentrated tomato water (200μl)
Natural Spinach+oregano water (1000μl)
Natural Spinach+oregano water (1000μl)
Natural Spinach+oregano wine (1000μl)
Natural Spinach+oregano wine (1000μl)
Concentrated Spinach+oregano water (200μl)
Concentrated Tomato+oregano water (200μl)

Exogenous Endogenous [H2O2] μM
Experiment Experiment
X
.1±.1
X
0.02±0.08
X
-0.03±0.08
X
0±0.01
X
0.36±0.03
X
0.1±0.1
X
1±0.1
X
0.11±0.06
X
0.72±0.02
X
0.4±0.1
X
17.17±0.03
X
13.9±0.3
X
0.13±0.04
X
0.13±0.04
X
0.7±0.2
X
0.19±0.03
X
0.42±0.02
X
0.1±0.2
X
0.22±0.08
X
0.11±0.08

Table 4. Quantification of exogenous and endogenous H2O2 after a 48-hour
treatment, as determined by the FOX assay. T25 flasks with 3ml of medium and cells
were treated with differing volumes of natural or concentrated extracts for 48 hours. All
concentrated and natural samples were run in the exogenous experiment while only the
natural samples were run in the endogenous experiment. N=1 for each assay. Samples
were measured in triplicate at 560nm, accounting for the standard deviation present. The
concentrations of H2O2 were found by plugging in absorbance values of samples to an
equation for a standard curve of known H2O2 solutions. All other samples not listed had
H2O2 concentrations of roughly zero.
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Food

Exogenous Endogenous [H2O2]
Experiment Experiment μM
Control water (1000μl)
X
0.12±0.08
Control water (1000μl)
X
0.2±0.1
Control wine (1000μl)
X
0.02±0.08
Control wine (1000μl)
X
0.074±0.08
H2O2
X
0.16±0.05
H2O2
X
0.12±0.08
Natural Oregano water (1000μl)
X
1.10±0.06
Natural Oregano water (1000μl)
X
0.17±0.07
Natural Oregano wine (1000μl)
X
17.2±0.2
Natural Oregano wine (1000μl)
X
0.17±0.07
Concentrated Oregano water (200μl)
X
0.17±0.02
Concentrated Oregano water (400μl)
X
0.29±0.04
Concentrated Oregano water (800μl)
X
0.66±0.05
Concentrated Oregano water (800μl)
X
0.1±0.1
Concentrated Oregano wine (400μl)
X
0.25±0.07
Concentrated Oregano wine (800μl)
X
3.41±0.06
Natural Spinach+oregano water (1000μl)
X
0.616±0
Natural Spinach+oregano water (1000μl)
X
0.22±0.04
Natural Spinach+oregano wine (1000μl)
X
1.49±0.02
Natural Tomato+oregano water (1000μl)
X
0.41±0.03
Natural Tomato+oregano water (1000μl)
X
0.16±0.02
Natural Tomato+oregano wine (1000μl)
X
0.29±0.03
Natural Spinach+tomato+oregano water (1000μl) X
0.34±0.02
Natural Spinach+tomato+oregano water (1000μl)
X
0.17±0.01
Natural Spinach+tomato+oregano wine (1000μl) X
0.26±0.03

Table 5. Quantification of exogenous and endogenous H2O2 after a 72-hour
treatment, as determined by the FOX assay. T25 flasks with 3ml of medium and cells
were treated with differing volumes of promising natural or concentrated extracts for 72
hours. N=1 for each assay. Samples were measured in triplicate at 560nm, accounting for
the standard deviation present. The concentrations of H2O2 were found by plugging in
absorbance values of samples to an equation for a standard curve of known H2O2
solutions.
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Several treatments altered the number of viable HeLa cells compared to controls
A cell cytotoxicity assay was then performed to quantify the impact extract
treatments had on HeLa cell viability. The results of the cell cytotoxicity assay performed
show differences in cell viability between the control and each treatment in all extract
types (Figure 13). As an increase in absorbance in this cell cytotoxicity assay correlates to
more viable cells present, data shows that oregano and spinach+oregano samples
increased cell viability in all extract types when compared to each respective control
(Figure 13). Additionally, besides the natural spinach wine extract, all spinach samples
decreased the number of viable cells present (Figure 13). The 33μl wine treatment for the
natural wine control led to fewer viable cells than the 6μl wine treatment for the
concentrated wine control (Figure 13). The number of viable cells for both 33 and 6μl
water control treatments were similar in the one trial of this experiment that was run
(Figure 13).
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Natural Water Extracts Natural Wine Extracts

Concentrated Water
Extracts

Concentrated Wine
Extracts

Extract Type
Control

Spinach

Oregano

Spinach+oregano

Figure 13. The impact several 48-hour treatments have on cell viability, as
determinded by a cell cytotoxicity assay. Natural and concentrated extracts of spinach,
oregano, and spinach+oregano were added to 100l of cells in 33l and 6l volumes
respectively and incubated for 48 hours (n=1). Both water and wine extracts were used in
this experiment. Post-CCK-8 solution incubation, absorbance was read in triplicate at
450nm. Increases in absorbance correlate to a greater number of viable cells.

Several treatments altered catalase activity in HeLa cell medium compared to controls
Next, a catalase assay was performed to see if the changes in H2O2 levels inside
and outside of HeLa cells after several treatments were linked to altered catalase activity.
It is important to note that the natural wine and concentrated water extracts have controls
that have kinetic rates less than 0 (Figure 14). Spinach increased kinetic rate of catalase in
51

the natural water and concentraed wine extracts while oregano decreased kinetic rate in
the natural water and wine extracts and in the concentrated wine extracts (Figure 14).
Spinach+oregano increased kinetic rate in the natual and concentrated water extracts but
decreased kinetic rate in the natural wine extracts (Figure 14).

Figure 14. Catalase activity In HeLa cell medium 48 hours post-treatment. Wells
with 1.5ml of medium and cells were treated with natural (500l) or concentrated (200l)
extracts for 48 hours (n=1). Controls were 500 or 200l treatments of DI water or wine.
100l aliquots of each sample were pipetted into 96-well plates in triplicate. 100l of
substrate (3% H2O2 and 10% guaiacol) was added and the plate was read at 490nm every
20 seconds for 15 minutes. Slopes of each graph were collected. Error bars come from the
triplicate reading.
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Detectable compounds in individual foods were similar to the compounds in their
combinations
Lastly, gas chromatography was used to determine the component compounds of
spinach, oregano, and spinach+oregano. GC results showed that spinach had less
significant peaks than oregano did (4 versus 10) (Tables 6 and 7). The combination of
spinach+oregano did not have any other compounds that were not present in the
individual spinach or oregano samples (Tables 6, 7, and 8). Additionally, peak height and
shape was similar when comparing the peaks in the spinach+oregano analysis and the
individual foods’ peaks (Tables 6, 7, and 8).

Retention
Time
(minutes)
13.45
15.98
19.66

Identity

EGA

Thymol and
isomers
Caryophyllene and
isomers
Phytol and isomers

MeOH

Comments

Percent
Identity

X

Huge peak, sharp

93.64

X

Medium peak, sharp 94.07
X

large peak, sharp

28.04

Table 6. Major peaks identified in GC on a ground spinach sample. Two experiments
were run (EGA and MeOH) and peaks were recorded for each based upon a library in the
GC software. Comments for each peak and percent confidence in identities are provided.
Many other broader and/or smaller peaks in the chromatogram were omitted because they
were deemed less significant.
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Retention
Time
(minutes)
7.47

Identity

EGA MeOH Comments

Percent
Identity

Sabinene and
isomers
a-pinene and
isomers
o-cymene and
isomers

X

Small peak, a bit broad

97.53

X

Small peak, sharp

95.05

X

X

Small peak, a tiny bit
broad

9.88

γ-terpinene and
isomers

X

X

10.63

R-thujene and
isomers

X

X

Small peak, sharp in
EGA, a tiny bit broad
in MeOH
Very large peak, sharp

97.89-EGA
90.71MeOH
93.6- EGA
89.69-MeOH

11.92

Terpinen-4-ol
and isomers
a-terpineol and
isomers

X

large peak, sharp

76.99

X

X

Small peak and sharp
in EGA,
large peak and sharp in
MeOH
Medium peak and
sharp in EGA,
small peak and a bit
broad in MeOH
Small peak and sharp
in EGA, very large
peak and sharp in
MeOH
Medium peak and
sharp in EGA, small
peak and sharp in
MeOH

91.6- EGA
65.6- MeOH

8.38
9.30

12.14

12.74

Carvacrol
methyl ether and
isomers

X

X

13.47

Thymol and
isomers

X

X

15.21

Caryophyllene

X

X

97.45- EGA
93.63MeOH

92.84-EGA
90.15-MeOH

91.77-EGA
92.24-MeOH

95.98-EGA
80.03-MeOH

Table 7. Major peaks identified in GC on a ground oregano sample. Two
experiments were run (EGA and MeOH) and peaks were recorded for each based upon a
library in the GC software. Comments for each peak and percent confidence in identities
are provided. Many other broader and/or smaller peaks in the chromatogram were omitted
because they were deemed less significant.
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Retention
Time
(minutes)

Identity

EGA

7.47

Sabinene and
isomers

8.38

Comments

Percent
Identity

X

small peak, a bit
broad

93.41

a-pinene and
isomers

X

small peak, sharp

96.91

9.30

o-cymene and
isomers

X

9.9

c-terpinene
and isomers

X

10.63

R-thujene and
isomers

X

12.15

a-terpineol and X
isomers

12.74

Carvacrol
methyl ether
and isomers

X

X

13.48

Thymol and
isomers
Caryophyllene
and isomers
Phytol and
isomers

X

X

15.22
19.66

MeOH

X

Small peak and sharp 94.18-EGA
in EGA, Small peak
43.85-MeOH
and a bit broad in
MeOH
small peak, very sharp 92.45

X

Very large peak, a
little broad in EGA,
sharp in MeOH

98.83-EGA
91.09-MeOH

small peak, a little
broad

91.39

Medium peak and
sharp in EGA, Small
peak and sharp in
MeOH
Very large peak,
sharp
Medium peak, sharp

94.38-EGA
53.41-MeOH

Large peak, sharp

23.86

X
X

94.46-EGA
91.39-MeOH
96.62

Table 8. Major peaks identified in GC on a ground spinach+oregano sample. Two
experiments were run (EGA and MeOH) and peaks were recorded for each based upon a
library in the GC software. Comments for each peak and percent confidence in identities
are provided. Many other broader and/or smaller peaks in the chromatogram were omitted
because they were deemed less significant.
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Discussion
Storing method and place of purchase do not affect antioxidant levels of individual foods
Because antioxidant levels of individual foods were not altered by fresh versus
frozen storing (Figure 5) or place of purchase (Figure 6), future experiments used food
purchased from one location and stored in the freezer. This saved a lot of time and
money. Antioxidant levels for fresh versus frozen probably did not change because even
though freezing can cause cell walls to rupture, the fresh samples were still subject to a
homogenizer and centrifugation, leading to a similar cell state (Ancos et al., 2000).
Additionally, the antioxidants seemed to be stable in this cold environment, leading to no
significant differences in determined antioxidant levels of foods (Figure 5) (Ancos et al.,
2000). In terms of the place of location, antioxidant levels did not change possibly
because food was purchased from stores in close proximity to one another. Additionally,
if companies supply various stores with the same product, the food could possibly come
from the same farm and have very similar antioxidant levels. Future studies would need
to be done to look at if brands or location in the country or even the world where food
was purchased impact antioxidant levels.

Water and wine extracted different amounts of antioxidants
Antioxidant levels of foods extracted with different solvents differed because
recovering the antioxidants in the food is influenced by how soluble these antioxidants
are in the given extraction solvent (Figure 7) (Naczk and Shahidi, 2006). Additionally,
the polarity of the solvent can increase antioxidant solubility (Naczk and Shahidi, 2006).
This means that antioxidants in spinach, tomato, and oregano must be more soluble in
water than wine (Figure 7). Additionally, the results suggest that wine may be chemically56

inactivating antioxidants in these foods (García‐Ruiz et al., 2009). A study analyzing
these foods’ antioxidant activity depending on extraction should be done in the future to
look into this possibility further.

Non-additive antioxidant levels result from combining foods
According to results of the one trial run, most combinations of food did not result
in additive antioxidant levels as hypothesized—they resulted in synergistic levels (Figure
8, Table 1). Research has shown that many antioxidants have synergistic properties
(Peyrat-Maillard et al., 2003). One specific study looking at phenolic compounds in navel
oranges showed many combinations of individual compounds to be synergistic (Freeman
et al., 2010). The authors note that the model they made to explain this took into account
relative concentrations of compounds, the presence or absence of catechol groups (odihydroxy benzene), and reduction potentials (Freeman et al., 2010). Additionally,
carotenoids, plant pigments that help protect them from photooxidative processes which
could be present in the tomato sample, have been shown to interact with antioxidants
synergistically (Stahl and Sies, 2003). This trend followed for natural and concentrated
extracts likely because the same antioxidants were present in each; however, just the
concentrations of them changed (Figure 8 and Table 1). Concentration was a factor taken
into account in the model designed by Freeman et al. as mentioned above (2010).
Water and wine extracts showed similar trends because antioxidants were likely
able to react with one another in a similar way in each solvent (Figure 8 and Table 1). A
future study analyzing antioxidant interactions in both solvents would be needed to
provide evidence for this hypothesis. Additionally, food samples run in July 2017 and
February 2018 showed similar trends because similar antioxidants were likely present,
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even though the concentrations at each time period often varied due to growing
conditions like sunlight, temperature, and other factors (Figures 8 and 9) (Herrmann,
1976; Lopez-Andreu et al., 1986). A further study would need to be done to provide
evidence of the possible presence of these similar antioxidants. Results for this section
may be affected by a small number of trials run and a lack of statistical analysis. More
trials of this experiment are needed in the future to increase confidence in these results.

Fresh weight and dry weight samples had different antioxidant levels
Differences in antioxidant levels were found between fresh weight and dry weight
samples probably because there was a higher concentration of food material in the dry
weight samples (Table 1). The dry weight samples did not contain natural water in foods
which comprised some of the weight of the fresh weight samples (Table 1). Wine extracts
likely showed a similar trend because of the hypothesis mentioned in the preceding
paragraph. As previously mentioned, a future study analyzing antioxidant interactions in
both solvents would be needed to provide evidence for this hypothesis.

Antioxidant levels of some foods or combinations of food can vary by month
Antioxidant levels of some samples varied by month because growing season can
affect foods’ antioxidant levels (Figure 9) (Howard et al., 2002). This is due to alterations
in growing conditions such as the amount of direct sunlight the plants get, the
temperature plants are grown at, and several other factors (Herrmann, 1976; LopezAndreu et al., 1986). This is important to note if a researcher want to attempt to
manipulate the amount of antioxidants in a food or food combination. It is important to
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note that this experiment was only run once. In the future, many more trials of this assay
need to be performed to increase confidence in the results.

Micrographs of natural extract treatments only showed signs of apoptosis in the oregano
water extract sample
The positive control of 7.5l of black tea concentrate showed signs of apoptotic
induction, as expected (Figure 10 and Table 2) (Chakrabarty et al., 2011). This likely
occurred by the theaflavins disrupting the microtubule network which altered cell
morphology and decreased the tubulin mass (Chakrabarty et al., 2011). Antioxidants like
theaflavins have been shown to activate other enzymes and molecules in the body in a
dose-dependent way (Chen et al., 2000). The oregano water extract showed slight signs of
apoptosis (Table 2), possibly because there are many antioxidant compounds in oregano
(Table 7) such as derivatives of flavonoids, tocopherols, and phenolic acids (Pizzale et
al., 2002). Additionally, water was able to extract more antioxidants from oregano than
wine could (Figure 7), resulting in a higher treatment dose for cells subject to the oregano
water extract. No clear signs of apoptosis occurred for any other water or wine natural
treatments possibly because the dose of antioxidants was too low (Figure 10 and Table 2).
Even with the combinations of food, antioxidant levels were probably still too low to
have a large impact on the cells (Figure 10). Additionally, caspase-3, an enzyme playing a
large role in executing cell apoptosis, has been shown to increase in a dose-dependent
way (Chen et al., 2000). This suggests that caspase-3 levels may be low here, warranting
a further experiment looking at this enzyme specifically. Results for this section may be
affected by a small number of trials run and a lack of statistical analysis. More trials of
this experiment are needed in the future to increase confidence in these results.
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Concentrated extract treatments show possible dose-dependent apoptotic induction
For both water and wine extracts, several concentrated samples showed signs of
apoptotic induction in HeLa cells (Figure 11, Table 3). This is probably because these
samples have much higher doses of antioxidants than the natural extracts did, showing
the huge importance of dosage in these kinds of studies (Chen et al., 2000). Specifically,
some tomato water extracts showed slight signs of apoptosis (Table 3). Many tomatoes
contain lycopene, a carotenoid that has been shown to induce apoptosis in human prostate
cancer cells at high doses, which could explain these results (Hwang and Bowen, 2004).
Additionally, oregano has been shown to induce apoptosis of cancerous cells in a dosedependent way, possibly explaining the apoptosis occurring with the highest dose of
oregano water extract (Savini et al., 2008).
For the wine samples, lower doses of oregano and several of its combinations
induced apoptosis likely because antioxidant-rich wine could have added to the effect of
the food and foods’ antioxidants on the cells, leading to a higher dose on cells (Figure 11
and Table 3). This also explains why too high of a dose seems to starts killing cells, as
shown in all wine combinations and the wine oregano combination (Table 3) (Chen et al.,
2000). The water and wine spinach samples showed this trend too; however, there might
have been contamination in these samples, noted by low doses still killing cells, so results
must be interpreted with caution (Table 3). Spinach samples would need to be tested
again in the future to look into this possibility further. It is important to note that this
experiment was only run once. Therefore, there is a potential source of error in these
results. In the future, many more trials of this assay need to be performed to increase
confidence in the results.
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Gels show possible apoptosis induction due to some treatments
The gels provided another way to quantify apoptosis. Several new samples
showed signs of apoptosis (Figure 12A and B). This was probably because the gel
analysis extracts DNA from all of the cells present, as opposed to the micrographs which
just looked at 50 cells visually. Evidence for natural oregano and spinach+oregano water
extracts being able to induce apoptosis appeared (Figure 12A). This suggests that these
natural concentrations might actually have antioxidant levels high enough to induce
apoptosis. Antioxidant levels or the kinds of antioxidants present in the other foods and
combinations of food are likely not high enough to do the same (Figure 12A). Natural
wine extracts did not show signs of apoptosis perhaps because wine extracts less
antioxidants from oregano, the most promising food in the water extract treatments,
which means the dose of antioxidants on cells was likely lower than in the water extracts
for many of the treatments (Figure 7 and 12A).
For the concentrated water extracts, spinach, tomato, oregano, and
tomato+oregano showed signs of inducing apoptosis likely because they might actually
have antioxidant levels high enough to induce apoptosis (Figure 12B). Spinach has been
shown to have several antioxidants that an induce apoptosis of cancerous cells (KotakeNara et al., 2001). Specific components in tomato and oregano listed earlier also could be
factors in these results (Hwang and Bowen, 2004; Pizzale et al., 2002). Concentrated
wine extracts of spinach+tomato, spinach+oregano, tomato+oregano, and
spinach+tomato+oregano induced apoptosis as well (Figure 12B). Combinations with
spinach could have shown signs of apoptosis in the wine extract treatments because the
antioxidant-rich wine might have added to the effects of several antioxidants in the
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spinach that have been shown to induce apoptosis in cancerous cells as mentioned above
(Figure 7 and 12B) (Kotake-Nara et al., 2001). With slightly different foods or
combinations of food showing signs of apoptosis in different experiments, more gels with
higher concentrations of DNA could be run in the future to hopefully provide clearer
results. Additionally, because the black tea positive control only showed signs of
degradation in the second gel, altering concentrations of both this control and samples
and running the gel again would be warranted (Figure 12A and B).

Some food extracts had high H2O2 levels inside and outside HeLa cells
Increases in exogenous H2O2 levels suggest that catalase, the enzyme used to
break down H2O2 into water and oxygen, is not working properly or has decreased (Imlay,
2003). These increases are correlated with decreases in cell proliferation and increases in
apoptosis (Burdon, 1996). Genes encoding catalase and β-actin in HeLa cells are
susceptible to damage when these exogenous H2O2 levels rise (Burdon, 1996). A huge
increase in natural oregano wine exogenous H2O2 levels suggests apoptosis is occurring
(Table 4). This could be due to high amounts of antioxidants present in both the oregano
and wine that decrease catalase levels or do not allow it to work properly (Hakimuddin et
al., 2006). Other listed samples only have very small exogenous H2O2 levels, suggesting
catalase is probably still at normal concentrations or is working properly in these samples
(Table 4) (Imlay, 2003).
Decreases in endogenous H2O2 levels correspond to cell growth (Burdon et al.,
1995). Therefore, increases in these levels corresponds to decreased cell proliferation and
increases in apoptosis (Burdon et al., 1995). This often happens by decreasing catalase
activity (Burdon et al., 1995). A huge increase in natural oregano wine endogenous H2O2
62

levels suggests apoptosis is occurring (Table 4). This could be due to decreased or
inhibited catalase activity as mentioned in the exogenous assay discussion above. Because
balances of internal and external H2O2 levels have been suggested to be important in cell
proliferation and inhibition, this off balance in the oregano wine group suggests apoptosis
is occurring (Burdon et al., 1995). Other listed samples only have very small endogenous
H2O2 levels, probably because catalase is still working properly (Table 4). An
endogenous FOX assay for 48-hour treatment with concentrated extracts was not done
and should be performed in the future.
The 72-hour treatment assays had more samples with non-zero concentrations of
H2O2 likely because antioxidants have been shown to activate other enzymes and
molecules in the body in a time-dependent ways (Chen et al., 2000). This may also
explain why H2O2 levels of some samples that were also present in the 48-hour assay
were even higher in this 72-hour assay (Tables 4 and 5). For unknown reasons,
endogenous H2O2 levels for the natural oregano wine (1000μl) sample were dramatically
lower in the 72-hour treatment than in the 48-hour treatment (Tables 4 and 5). A replicate
assay could be run to look at this treatment again. Additionally, antioxidants can also act
in dose-dependent ways, which could explain why the concentrated oregano water and
wine samples have increasing effects with increasing dosage (Table 5) (Chen et al.,
2000).
These results also might have occurred because this assay simply may not be as
specific as needed for this experiment. In the future, H2O2 levels could be detected with
different assays to see if the FOX assay used in this study was able to detect H2O2 with
high precision and accuracy. This would also provide an idea of which assay works the
best for quantifying H2O2 levels inside and outside of HeLa cells. Additionally, results for
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this section may be affected by a small number of trials run and a lack of statistical
analysis. More trials of this experiment are needed in the future to increase confidence in
these results.

Several treatments altered the number of viable HeLa cells compared to controls
Contrary to previous data, all oregano and spinach+oregano samples had increases
in cell viability compared to controls while almost all spinach extracts decreased cell
viability (Figure 13). One precaution mentioned on the CCK-8 package insert is that
because the assay is based on detecting cell dehydrogenase activity, any chemicals
affecting this activity could cause a discrepancy between how many viable cells are
actually present and the number of cells the assays reports as viable (Sigma Aldrich Corp
[package insert], purchased 2018). This suggests compounds in these foods might have
affected dehydrogenase activity. Another reason to explain the results could be that the
low treatment dose could have stimulated cell activity and cells may only start to die after
a certain concentration of a treatment (Sigma Aldrich Corp [package insert], purchased
2018).
Something very important to note about this experiment was the color of the
solutions. The color of solutions in all of the wells did not change much when the CCK-8
solution was added and incubated for 3 hours. This could mean that too many cells might
have been present in the well (Sigma Aldrich Corp [package insert], purchased 2018).
This assay should be repeated in the future trying different concentrations of cells,
treatment, and substrate to see if cell viability for the oregano and spinach+oregano
samples are truly increasing. Additionally, the oregano and spinach+oregano extracts
were very dark in color, making the wells they were added to dark. Because color
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development in this assay correlates to an increased number of living cells present,
starting off with a darker color could explain why oregano and spinach+oregano samples
appeared to increase cell viability in all four extract types (Figure 13). Testing this
hypothesis in the future is important, as almost all other data indicate that oregano and its
combinations likely decrease cell viability of HeLa cells. The color of the spinach extracts
were quite clear, which means these extracts possibly had more accurate cell viability
measurements. Spinach samples decreased cell viability likely because their antioxidants
interfered with proper cell proliferation (Figure 13) (Burdon et al., 1995).
The higher dosage for the wine control led to decreased cell viability (Figure 13).
This could be from too many antioxidants overwhelming cells and causing them to die
(Chen et al., 2000). Water did not have this dosage issue as the sterilized DI water does
not have antioxidants in it (Figure 13).
It is important to note that this experiment was only run once. Therefore, there is a
potential source of error in these results. In the future, many more trials of this assay need
to be performed to increase confidence in the results.

Several treatments altered catalase activity in HeLa cell medium compared to controls
Natural wine and concentrated water extracts had control kinetic rates less than 0
(Figure 14). This could have been because H2O2 was being produced quicker than
catalase could break it down (Imlay, 2003). Wine is very antioxidant-rich, so this could
account for why the higher dosage of wine treatment had a negative kinetic rate (Figure
14) (Hakimuddin et al., 2006). A replicate of these samples would be important to
observe in the future.
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Because catalase helps decompose H2O2 to water and oxygen in healthy cells,
increasing levels or rates of catalase often correlate to less cellular harm because fewer
ROS are present (Imlay, 2003). Spinach showed an increased kinetic rate of catalase in
the natural water and concentrated wine extracts (Figure 14). There was also an increased
kinetic rate in the natural and concentrated water extracts for spinach+oregano (Figure
14). These results could be due to these extracts possibly altering the pH of the reaction to
be more favorable or due to possible decreased H2O2 levels (Tables 4 and 5) which have
been shown to increase catalase expression (Giusti and Gakis, 1971; Burdon, 1996).
Because concentrated wine extracts have the same pattern of effects as the natural water
extracts, it is possible that the natural wine extracts were too high of a dose and
overwhelmed cell processes (Figure 14) (Chen et al., 2000).
Oregano showed a decreased kinetic rate in the natural water and wine extracts
and in the concentrated wine extracts (Figure 14) possibly because when H2O2 levels rise,
which occurred in several oregano samples (Tables 4 and 5), genes encoding catalase in
HeLa cells are susceptible to damage (Burdon, 1996). This same reason could be why
spinach+oregano showed a decreased kinetic rate in the natural wine extracts (Figure 14).
Concentrated water extracts showed variable results and need to be redone in the
future to draw specific conclusions (Figure 14). Additionally, another catalase assay could
be run altering the concentration of substrate added, how many cells are seeded, and other
factors.
This experiment was only performed one time; therefore, there is a potential
source of error in the results. Many more trials of this catalase assay need to be performed
in the future to increase precision, accuracy, and overall confidence in the results.
Additionally, this assay might not have been as specific as needed for this experiment. In
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the future, catalase levels could be detected with different assays to see if the catalase
assay used in this study was able to detect catalase levels with high precision and
accuracy. This would also provide an idea of which assay works the best for quantifying
catalase levels outside of HeLa cells.

Detectable compounds in individual foods were similar to the compounds in their
combinations
The EGA vs MeOH analysis just showed which method could extract what
compounds. The fewer significant peaks in the spinach analysis compared to the oregano
analysis show that spinach contains fewer antioxidant compounds (Tables 6 and 7)
(Pellegrini et al., 2003). Because no new peaks emerged in the spinach+oregano sample
that were not in the individual foods’ analyses, it is likely no new antioxidants are
forming by the combination of foods (Tables 6, 7, and 8). Because peak height and shape
was similar in the individual foods’ and combination of food’s analysis, the antioxidants
seem to be present in roughly similar quantities (Tables 6, 7, and 8). A further experiment
actually quantifying the concentrations of each compound needs to be done to provide
evidence for or against this idea.
Researching the compounds found in the GC analyses helps draw conclusions
about the individual foods’ and the combination of food’s antioxidant properties. Thymol,
one of the largest peaks in all analyses, is an antimicrobial and an antioxidant that is a
huge component of cumin (Tables 6, 7, and 8) (Aeschbach et al., 1994). Some isomers of
thymol have been shown to induce apoptosis of cancerous cells (Weiguang et al., 2005).
Caryophyllene, a medium-sized peak in most analyses, is a natural sesquiterpene with a
cyclobutane ring that gives black pepper its scent and spiciness (Tables 6, 7, and 8)
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(Ghelardinia, et al., 2001). This compound, also found in hops, rosemary, and many
essential oils, has anti-inflammatory and anti-oxidant effects (Ghelardinia, et al., 2001).
Sabinene is a bicyclic monoterpene found in pepper (Wang et al., 2006). This compound
is also found in the essential oils of cumin, nutmeg, and cinnamon (Wang et al., 2006). Apinene is a terpene with a reactive 4-membered ring (Silva et al., 2012). A-pinene is
found in essential oils of rosemary and eucalyptus (Silva et al., 2012). It is also an
antimicrobial and anti-inflammatory (Silva et al., 2012).
O-cymene is found in essential oils of thyme and cumin and is used as a flavoring
agent (Poulose and Corteau, 1978). It can also be synthesized by conversion from γterpinene to make thymol (Poulose and Corteau, 1978). Γ-terpinene has historically been
isolated from many plant sources and has very strong lipophilic antioxidant activity
(Milde et al., 2004). It is often used as a flavoring agent and is in essential oils (Foti and
Ingold, 2003). R-thujene, a large peak in oregano and spinach+oregano analyses, is also
often used as a flavoring agent in foods and is a component in many essential oils (Tables
7 and 8) (Cotrones et al., 1988). Terpinen-4-ol is one of the main ingredients in tea tree
oil and nutmeg (Hart et al., 2000). It has anti-inflammatory and antibacterial properties
(Hart et al., 2000). One study showed that this compound helped induce apoptosis of
melanoma cells (Calcabrini et al., 2004). A-terpineol has a pleasant smell and is in
several teas (Raman et al., 1995). It also has both antimicrobial and antioxidant properties
and is found in many essential oils made from plants (Raman et al., 1995). Lastly,
carvacrol methyl ether is a compound often used as a flavoring agent with antioxidant
capacity (Anthonsen and Kjosen, 1971).
Research on the component compounds found in these samples shows how many
of them are antioxidants. Although gallic acid data suggested possible synergistic
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antioxidant levels of combinations, GC data provides evidence that no new antioxidant
compounds are likely formed during food combination and solvent extraction (Figure 8
and Table 1; Tables 6, 7, and 8). However, many food combinations were still able to
induce apoptosis of HeLa cells (Table 2 and 3 and Figure 12). These results suggests that
the synergistic properties may stem from alterations in compound quantities instead,
possibly accounting for why apoptotic induction occurred in many food combination
extract treatments (Table 2 and 3 and Figure 12). Future studies are needed to provide
support for this hypothesis. Results from this future study would provide a better
understanding of these synergistic antioxidant levels during food combinations and how
this information could be used to alter an individual’s diet to possibly decrease their
likelihood of getting cancer.

Conclusion and Future Directions
This study showed how some individual foods and combinations of food have the
potential to induce apoptosis in HeLa cells. Combining foods led to synergistic
antioxidant levels for natural and concentrated water and wine extracts. Via gel
electrophoresis and imaging, several natural and concentrated extracts exhibited signs of
apoptotic induction. Specifically, natural oregano wine samples and higher doses of
concentrated oregano wine showed promise by increasing exogenous and endogenous
H2O2 levels of HeLa cells. Despite previous data, the cell viability assays showed oregano
and spinach+oregano might have increased cell viability in all extract types while spinach
might have decreased it. Catalase assays showed how oregano and spinach+oregano
decreased catalase levels of cells, while spinach increased these levels. Antioxidants were
determined in spinach and oregano in GC analyses; however, many more antioxidant
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compounds were present in the oregano sample. These results are important as diet is
something that many people can alter relatively easily. The results presented in this study
are preliminary; however, they are a good base upon which further research can be done.
To further this work, it is important to run replicates of these experiments. For
Figures 8, 13, and 14, and for Tables 1, 2, 3, 4, and 5, no statistical tests were run because
the n values were 1. Repeating these experiments and having larger n values would
increase confidence in the data. Additionally, more assays, such as the DPPH assay, could
be done. A caspase assay could also be performed to see if the treatments alter this
enzyme’s expression or function and how this impacts the overall health of the cells. An
LDH release assay to quantify the occurrence of necrosis compared to either the overall
cell death rate or apoptotic cells would also be a good idea to do. This would provide a
measurement of how many cells are dying in an unhealthy way—necrosis versus the
healthier way—apoptosis. An LDH assay was not done in this study because under the
microscope, there was no clear evidence of necrosis. However, looking at necrosis in a
quantitative way as opposed to just a qualitative way is important to do.
In terms of a biochemical approach, it would be beneficial to figure out exactly
what these antioxidants are doing in the cells mechanistically. Mapping out different
reaction mechanisms could help researchers target these specific pathways as a means of
possible cancer treatment. If a research team was interested in only looking at
antioxidants’ effects and not looking at the whole food which this study did, they could
isolate specific antioxidants first and then test them on cells. This could provide a clearer
understanding of the impact specific antioxidants have on HeLa cells. From this,
researchers could look at designing drugs with similar structures or using online
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databases to find other substances with similar structures that could possibly be used as
anti-cancer drugs.
Because oregano seemed to have the most promising effects in this study, it would
be beneficial to research other spices such as turmeric, cumin, ginger, and basil that are
known to also have high antioxidant levels. Studying compounds that make up these
spices could expose common antioxidants between foods or different promising
antioxidants that could be studied further.
Furthering this research will hopefully provide a better understanding of how diet
can impact cancer rates, promote health education and preventative health care, and
increase understanding of different lifestyles around the world.
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