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Abstract

Colorectal cancer is responsible for nearly a third of all deaths within New Zealand and
has contributed 15% of worldwide malignancies. At present, colorectal cancer treatment
Is inadequate, although with developing treatments, such as the front-line drug,
oxaliplatin, there are new options for those battling the disease. Still, as with other
cancer treatment drugs, the benefit of oxaliplatin is marginal, especially depending on
the stage of the disease. Cancer treatment drugs come with many toxic side effects,
which can potentially include (but are not limited to): neurotoxicity, nausea, vomiting,
diarrhoea, neutropenia, ototoxicity, extravasation and hypokalaemia. Therefore,
developing new types of treatment with less harmful side effects has always be the main
goal through medical history. Previous studies suggested honey could be a potential
candidate due to its antioxidant effect, anti-inflammatory effect and possibly anti-
tumour effect. The number of honey anti-tumour research projects are increasing and
quite a lot of them have indicated effective reduction in cancerous cells. Although the
anti-tumour effect of honey is limited to in vivo studies, a lot of researchers have
hypothesised that using honey as a treatment for cancer could provide an outcome with
less side effects as a result.

Existing drug treatments for colon cancer are associated with toxic side effects, while
the potential for less side effects from using honey against colon cancer is promising.
In this respect, honey treatments would rival those offered with existing drugs (e.g.,
Avastin, Bevacizumab, oxaliplatin, etc.). We hypothesize that honey induces an anti-
proliferative effect through apoptotic pathways in colon cancer cell lines. The primary
objective of this research was to investigate the anti-proliferative effects of Manuka
honey and Thyme honey on two colorectal cancer cell lines by using MTT assays. The
secondary objective would be to measure the apoptotic properties of these honey

treatments by flow cytometry.

Two types of colon cancer cell lines were used in this study: LoVo (CCL-229) and
WiDr (CCL-218) cell lines. Anti-proliferative effects were determined by 24 hour, 48
hour and 72 hour MTT cell viability assay. Oxaliplatin was used as a positive control in
this study, and both cell lines were treated with 0.5%, 1.25%, 2.5% and 5% of
Vitabeez’s honey solution. The honey solution was prepared by mixing RPMI 1640 cell

culture medium with honey to achieve a similar osmolarity as found in the human body.
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The absorbance values were measured and the cell viability (%) was determined. The
anti-proliferative effect seemed to be increased when the honey concentration was
increased, as well as with increased time of treatment. Therefore, according to our
statistically significant results, the tested honey show time-dependent and
concentration-dependent anti-proliferative activity against the tested human colon

cancer cells lines.

The secondary objective involved in this study was to determine the pro-apoptotic
activity of tested honey in LoVo and WiDr cells. An increased apoptotic activity was
observed when the honey concentration was increased at designated time period.
Analysis for apoptotic activity indicated greatest numbers of cell death associated with

treatment using the 2.5% honey solution.
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Chapter 1: Introduction & Literature
Review

Overview

Cancers are a class of diseases characterised by out of control cell proliferation. They
are one of the most destructive health problems worldwide. At present, over 100 types
of cancer are classified by the type of cells that are originally affected. Recently, the
global cancer statistics reported that ischemic heart disease has been replaced by cancer
cases as the primary cause of death (especially in economically well-developed
countries) around the world. The World Health Organization (WHO) announced in
April 2003 that there might be a significant rise in cancer rates (over 50%) by 2020.
Around 12.6 million cancer cases and 8.7 million deaths were reported by the WHO in
2012. Unfortunately, the WHO cancer statistical report also stated that after clinical

treatment, only 30% of the diagnosed cancer cases are cured or prevented.

In 2012 and 2013 in New Zealand, the registered cancer cases did not significantly
change for either males or females; this was also true for both adults and children, based
on the age-standardised rate per 100,000 population which is standardised to the WHO
world standard population. The New Zealand Ministry of Health announced that there
were 21,050 new cases of cancer registered in 2011 in New Zealand, and cancer had
become the most common cause of death for both males and females, accounting for
nearly a third of all deaths. The total number of registered cancer cases were increased
as twice as before from 1956 to 2012, especially in the age of over 75 in all adults. As
for New Zealand childhood statistics, the registered cancer cases were unchanged from
1956 to 2012 (Ministry of Health, 2013). According to the data reported from the
Ministry of Health (2011 to 2013), colorectal and anus, breast cancer, cervix cancer,
leukaemia, melanoma, prostate cancer, lung cancer, chronic myo-proliferative disorders
and myelodysplastic syndromes, Hodgkin lymphoma and non-hodgkin lymphoma were
the most common causes of death in New Zealand. Cytotoxic chemotherapy, surgery
and radiation therapy are the most common known methods of treatment, however,
most therapeutic administrations produce a number of negative side effects such as
haematological toxicity. The administration of different chemo-therapeutic agents (even
with those of natural origin - for example, taxol, irinotecan and epirubicin) have been

suggested to result in early bone marrow depression (Jaganathan, Mandal, Jana, Das, &
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Mandal, 2010). Moreover, extensive radiotherapy which covers wide parts of the bone
marrow can lead to the development of an unpredictable, dose dependent series of
haematopoietic syndromes (Wang Li, White, & Lu, 2014). Enhanced sensitivity to
infectious diseases with opportunistic micro-organisms is also seen to occur in parallel
with progressive radiation-induced atrophy of lymph nodes, spleen, and bone marrow
(Jaganathan, Mandal, Jana, Das, & Mandal, 2010). It had been recommended that radio-
protective activity conferred by immune-modulators can be redounded to their capacity
to increase immune functions and haematopoietic. Moreover, most of the cancer
patients suffering mucositis from intensive chemotherapy treatment, experience worse
side effects when combining both radiation and chemotherapy, leaving them susceptible
to infection diseases (Swellam, et al., 2003). This is even more severe in patients who

receive treatment for cancer of the neck and head.

The deaths of 20% of the human population are caused by various types of malignant
diseases. There is no known curable treatment for the majority of malignancies, while
every remedial administration produces different types of side effects, such as

haematological toxicity.

Malignant Tumours

Cancer represents the abnormal cell proliferations, which have the potential to spread
and invade other parts of the body. When the proliferations spread and invade, this is
also known as a malignant tumour or malignant neoplasm (Kruse, 1970). When
damaged cells divide uncontrollably, the process harms the body by forming lumps, or
tumours (except in the case of leukemia, where cancer prohibits normal blood function

by abnormal cell division in the blood stream) (Kruse, 1970).

A set of accumulative alteration, including both epigenetic and genetic alterations,
occurring in a normal cell can generate cancer (Hoff & Machado, 2012) by un-regulated
proliferation. Unregulated growth of these abnormal cells finally becomes a cancerous
growth over time, and these tumours cells can grow into a larger size and interfere with
other parts of the body. In order to invade other parts of the body, cells from the primary
tumour must come off and travel through the bloodstream or lymphatic system. Since
the genes, or protein structures within the tumour cells have already be mutated, release

of a different hormone would change the normal bodily function in some cases. Benign
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tumours and malignant tumours are the different distinctions used to describe tumours.
Benign tumours are rarely life-threatening as they do not invade other parts of the body.
In contrast, a malignant neoplasm describes uncontrollable survival, proliferation and
differentiation of the cancer cells, and these steps are known as malignant progression.
The malignancy process occurs when two things happen: First, a cancer cell manages to
move throughout the body by using the blood stream or lymphatic systems, thereby
destroying healthy tissues in a process named invasion; Second, angiogenesis occurs
when cancerous cells manage to divide and proliferate, as well as stimulate the
formation of new blood vessels to feed the growing tumour. It is said to have
metastasised when a tumour has successfully spread to the other parts of the body,
invading, proliferating and destroying other healthy tissues. The result is a severe

situation, and is extremely difficult to treat.

The cause of cancer

The origin of every cancerous disease is thought to first begin with a single abnormal
cell. What actually happens is that the process of managing cell division and
multiplication is altered or damaged, likely as a result of certain vital genes. This
process results in formation of abnormal cells and it may multiply into a cancerous, or
malignant, tumour in an uncontrolled manner if the abnormal cell survives and
continues it unchecked multiplication. There are more than 200 unique sorts of tumours,
and each is classified by the kind of cell that is initially influenced. Potential causes of
cancerous diseases can be covered in a wide range of situations, such as exposure to
certain chemicals, aging, genetic predisposition, and infection with certain viruses and a

weakened immune system, etc.

The longer we live, the higher the chance of developing cancer (Kelloff, 1999). At some
point there must be various alterations to the genes within a cell prior to when it
changes into a cancer cell. These changes can occur by accident during cell division, or
through injury when the cell is damaged by carcinogens such as harmful chemicals. In
either case, the damage is then passed onto future cells when the transformed cell
divides. Therefore, the longer we live, the more opportunity there is for genetic mistakes

to happen in our cells.

Genetic mutations happen at various times within the cell before it becomes cancerous.

In some cases, people are born with one or more pro-cancer mutations already. This
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doesn’t mean that they will definitely get cancer, but statistically with one mutation
from the start, people with mutated genes of this type are more likely to develop cancer
within their lifetime (Warburg, 1926). For instance, women who carry mutations in the
BRCAL and BRCAZ2 breast cancer genes have a higher chance of developing breast

cancer than the women who do not have mutations in these particular genes (Tan, 2014).

People with immune system problems are more likely to develop some type of cancer.
People who receive organ transplants and must suppress their immune system to
prevent organ rejection by taking various types of drugs, people who have Human
Immunodeficiency Virus or the Acquired Immunodeficiency Syndrome, or people who
are born with rare medical syndromes which affect their immunity, are at greater risk of
developing cancer. The types of cancers that affect these groups of people can fall into
two overlapping areas. First there are cancers that are induced by viruses. Examples for
this type include cervical cancer, or other types of cancers of the anal or genital area, as
well as stomach cancer, liver cancer or some lymphomas. The second type of cancers
associated with immune system compromise are lymphomas. Transplanted organs or
chronic infections can continuously stimulate cells to proliferate, and this continual cell
proliferation means that immune cells are more likely to develop genetic errors and

become lymphomas.

Viruses are responsible for causing some cancers by participating in genetic change
within the cell, making it easier for the cell to become cancerous (Alvarez-Suarez, F., &
Battino, 2013). Research has shown that the majority of cervical cancer (squamous cell
cancer and adenocarcinoma) is mainly due to Human Papilloma Virus (HPV). There
are currently more than 100 types of HPV identified, and at least 40 of them are passed
on through sexual contact; at least 15 types are considered as high risk for cervical
cancer (Hoff, 2012). In addition to viruses, there are also bacterial infections which are
seen as cancer causing agents. In the past, bacterial infections were not considered as
cancer causing agents, but investigations have shown that people with Helicobacter
Pylori infection in their stomach have a higher risk or developing stomach cancer
(Gribel, 1990). The bacterial infection is responsible for causing inflammation on the
stomach lining, which in turn is linked with an increased risk of developing stomach
cancer (Abubakar, Abdullah, Sulaiman, & Suen, 2012). Other research findings indicate
that substances secreted or produced by specific types of bacteria within the digestive
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system could increase the risk of developing bowel cancer or stomach lymphomas
(Gribel, 1990).

DNA is constantly attacked by exogenous and endogenous agents causing DNA
modifications or damages. If these DNA lesions are left unrepaired, they may contribute
to mutagenesis and oncogenesis (Jaganathan S. K., 2010). Thus, DNA repair constitutes
a first line of defence against cancer. Subtle variations in DNA repair capacity may be
caused by commonly occurring polymorphisms in the DNA repair genes. The
polymorphisms may thereby have an impact on individual genetic susceptibility to

cancer.

Adverse side effects from cancer treatment

Cancer treatments vary and are mostly determined by the type of cancer they target. For
instance, different stages of the cancer (spreading location, quantity, etc.), health status
of the individual, age, and/or additional personal characteristics, all play a role in
deciding on treatments. Cancer treatment usually includes multiple treatment sessions
and a combination of palliative care and therapies will be given to the patient.
Treatment usually falls into one of the following categories: surgery, radiation,
chemotherapy, immunotherapy, hormone therapy, or gene therapy. Complete removal
of the cancer without damage to the rest of the body is the ideal goal of treatment and is
often the goal in practice. However, there is no known effective cancer treatment that
can directly target the cancer cells without affecting the host. Therefore, adverse side
effects are often seen in the patient during treatment.

Surgery

Surgical operations are the oldest cancer treatments. Provided that the cancer has not
metastasised, it is possible to completely cure a patient by surgically removing the
cancerous tissues from the body. Surgeons use the scalpels to remove a tumour and
also remove a margin of healthy tissue just to make sure no malignant cells are left
behind. Examples of this are seen in the removal of the testicle, prostate, or a breast.
The tissue samples are sent and tested in the pathology lab, and this step requires the
patient to remain under general anaesthetic for an extra 30 minutes. In helping to control
symptoms such as spinal cord compression or bowel obstruction, surgery may also be

instrumental. New developments such as iKnife are being developed to aid in the
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surgical process. However, after the disease has spread, the down side of surgery as a
treatment is that it is nearly impossible to remove all of the cancer cells. Additionally, it
was also found that patients with a long anaesthetic time frame will be harder to recover
from the surgery treatment. Therefore, by eliminating the surgery treatment, the

recovery time from the treatment was reduced.

Chemotherapy

Chemotherapy utilises chemicals (e.g., cytotoxic, anti-neoplastic drugs) that disturb the
cell division process by damaging the cellular DNA or proteins to force the cancer cells
to commit suicide (Gerhauser, Alt, Heiss, & Gamal-Eldeen, 2002). These treatments
target any rapidly dividing cells within the body, not just necessary to the cancer cells,
and so normal cells are targeted as well. Chemotherapy is used widely in cancer
treatment, especially after the cancer cells have metastasised or spread. It is a necessary
treatment for some forms of leukaemia and lymphoma due to the medicines travelling
around the entire body (Wilson, 2000). These treatments are given over set time periods
so that the body can recover between individual doses. Unfortunately, adverse side
effects are commonly seen in chemotherapy such as nausea, hair loss, vomiting and
severe pain. Therefore, the use of chemotherapy as a front-line treatment option has not
been favourable. A chemotherapy agent (often Cisplatin) is used to increase the
sensitivity of cancer cells to radiation (Huang, et al., 2010). Cisplatin inhibits DNA
synthesis by forming DNA cross-links, and Cisplatin combinations have been shown to

produce the highest overall survival and complete remission rates (Huang, et al., 2010).

Radiotherapy (RT)

Radiotherapy, also known as radiation treatment, works by focusing high energy rays to
destroy the cancer cells, or damage various vital molecules such as DNA which lead the
cancer cells to commit suicide (Chiba, Idobata, Kobayashi, Sato, & Muramatsu, 1985).
By using high-vitality gamma rays, emitted from metals such as radium, or high-vitality
x-rays that are generated in a specific machine, attempts are made to either cure or
improve the symptoms of cancer (Chiba, ldobata, Kobayashi, Sato, & Muramatsu,
1985). Radiation ionises water molecules to produce ions and high energy electrons
which cause a cascade of further ionisation events (Kelloff & Boone, 1994). As the
electrons lose their energy they are captured by molecules in the cell (mainly water

molecules) to generate free radicals such as ROS (reactive oxygen species), superoxide,
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hydrogen peroxide and free hydroxyl radicals. These metabolites damage chemical
bonds in the cell’s macromolecules, particularly those responsible for DNA damage
(Campling, Pym, Baker, Cole, & Lam, 1991). The irreparable molecular breaks lead to
chromosome damage and damage to the cell’s mitotic apparatus resulting in mitotic
catastrophe when the cell attempts to divide (Kelloff & Boone, 1994). Damaged cells
can also die by apoptosis but this is less frequent than the mitotic death. However,
adverse side effects were observed at early radiation treatments due to the damage of the
normal and healthy tissue by the high energy beams when they passed through the area
to reach the tumour (Campling, Pym, Baker, Cole, & Lam, 1991). Chemotherapy is

often be used in combination with this therapy for cancer treatments.

Palliative care

Palliative care refers to treatment that attempts to make the person feel better and may
or may not be combined with an attempt to treat the cancer. This is often used to help
the person cope with their immediate needs and to increase the person’s comfort. Unlike
other treatments that are aimed at killing the cancer cells directly, the primary objective

of palliative care is to improve the person’s quality of life.
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Colorectal cancer (CRC)

Colorectal cancer, also known as rectal cancer, colon cancer or bowel cancer, is a
malignant tumour arising from the inner wall of the large intestine (colon or rectum). It
is common in both males and females, and the risk of developing colorectal cancer rises
after age 50. It is considered a multifactorial disease and is more commonly located in
the sigmoid and rectum regions of the colon. Although hereditary predisposition is
considered an important factor, 80% of colorectal neoplasms occur in the absence of a
family history (Bedi, et al., 1995). A hypercaloric diet, low in dietary fiber and high in
fat content is positively correlated with colorectal cancer occurrence. 95% of colorectal
cancers are adenocarcinoma (epithelial cancers) that originated from the glandular tissue
(Bedi, et al., 1995). Other rarer forms of colon and rectum cancers are squamous cell
carcinoma and lymphoma. The main reason for death in connection with the
presentation of primary colorectal cancer is complications associated with the onset of
bowel obstruction (ileus). lleus is a symptom seen in circumferentially-growing tumours,
most often located in the descending or sigmoid colon, and patients may present with a
dangerous ileus state as the initial symptom (Griffin, Haynes, & Levin, 1982). Tumours
located in the cecum and ascending colon tend to grow outwards (exophytic growth)
and patients are more likely to present symptoms of anaemia and abdominal discomfort
before any acute life threatening condition (Griffin, Haynes, & Levin, 1982). However,
as different endoscopy techniques (sigmoid- and colon- oscopy) are becoming more
available and patients are referred at an earlier stage, most CRCs are discovered before
they cause total bowel obstruction and are surgically resectable at presentation. Few
patients die from complications related to the primary cancer. Furthermore, the
frequency of local recurrence after resection for primary CRC is relative low (10-20%)
compared to the frequency of recurrence after resection in distant organs (~55%)
(Griffin, Haynes, & Levin, 1982). Local recurrence is more common after resection for
rectum cancer than colon cancer, but the frequency of both has declined after the
implementation of adjuvant chemotherapy and improved surgical techniques, especially
after the introduction of neoadjuvant radiotherapy and total mesorectal excision (TME)

of rectal cancer (Griffin, Haynes, & Levin, 1982).

Risk factors associated with CRC are either internal (genes/stimuli) or environmental.
Some risk factors are known, but as indicated in the previous section, unidentified risk

factors cannot be ruled out. Patients with inflammatory bowel diseases such as Crohn’s
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disease and ulcerative colitis have an increased risk of developing colorectal cancer
(Jemal, et al., 2011). Chronic inflammation is more likely to be the result of the risk
rather than genetic pre-disposition. During the development of sporadic colorectal
cancer, the occurrence of the progression from adenoma to carcinoma appears to be an
inflammatory sequence called dysplasia. Another chronic inflammatory disease,
Primary Sclerosing Cholangitis, is associated with colorectal cancer when accompanied
with inflammatory bowel disease (Griffin, Haynes, & Levin, 1982). The development
progress of the colonic neoplasia is contributed to by the pro-inflammatory factors of

the congenital and adaptive immune systems.

Morphology and pathogenesis

Incidence of colorectal cancer cases is rising in NZ and is the second most common
type of cancer case related to mortality in Europe, with approximately 150,000 deaths
annually (Jemal, et al., 2011). The mainstay of treatment of advanced colorectal cancer
has been chemotherapy with oxaliplatin or irinotecan and 5-fluorouracil. As most
cancers are primarily due to environmental changes and genetic damages which affect
normal cellular functions, including cell proliferation, DNA repair and programmed cell
death (apoptosis), these drugs are preferred for their ability to interfere with the inner
workings of the cell. Colorectal cancer occurs most likely due to dietary factors and is
the most important exogenous factor identified up to now in the aetiology. More than
75-95% of colorectal cancer cases occur in people with no genetic risk, but who are
identified as having high intake of fats, alcohol, and red meat (Griffin, Haynes, & Levin,
1982). Obesity, male gender and a lack of physical exercise also contribute to the
majority of cases (Jemal, et al., 2011). People with inflammatory bowel diseases
(ulcerative colitis and Crohn’s disease) have an increased risk of developing colorectal
cancer. Although people with inflammatory bowel disease account for less than 2% of
annual cases, there are reports recorded where 16% from this group developed
colorectal cancer or a cancer precursor after a decade, or a few decades (Jemal, et al.,
2011).

There is some evidence for adverse associations of eating red and processed meat with
higher risk of developing colorectal cancer (Griffin, Haynes, & Levin, 1982). The
evaluated risk may due to an increased endogenous production of N-nitrosocompounds,

which may enhance the colonic formation of DNA adduct O6-carboxymethyl guanine
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(Griffin, Haynes, & Levin, 1982). Cooking meat at high temperature leads to the
formation of polycyclic aromatic hydrocarbons and heterocyclic amines.

Most colorectal cancers are sporadic, but a significant proportion (5-6%) has a clear
genetic background. Colorectal cancer is a multi-step process involving the inactivation
of a variety of tumour suppression and DNA-repair genes and simultaneous activation
of certain oncogenes (Collins, Jacks, & Pavletich, 1997). Epigenetic alterations through
aberrant promoter methylation and histone modification have been found to play a
major role in the evolution and progression of a large proportion of sporadic colon
cancers (Collins, Jacks, & Pavletich, 1997). In general, colon carcinoma results from the
cumulative effect of multiple sequential genetic alterations. These alterations can either
be acquired, as happens in the sporadic forms, or be inherited, as in genetic cancer
predisposition syndromes. In familial adenomatous polyposis and Lynch syndrome, the
germ line mutation either provides the first mutation in a critical tumour-suppression
gene in every cell from birth, or it creates a situation that can lead to accumulation of

mutations at a greatly accelerated rate (Griffin, Haynes, & Levin, 1982).

Under normal circumstances, the turnover of cells within the gastrointestinal tract is
very high, with the differentiating cells shed into the lumen and replaced every 2-7 days.
Therefore, the lifespan of the cells is not sufficient to accumulate the mutations
necessary for malignant change (Griffin, Haynes, & Levin, 1982). However, according
to the immortal strand hypothesis, if the mutational changes first target the perpetual
stem cell, then, there may be a retention of the template DNA strand within the stem cell
located in the niche, which allows any DNA replication errors to pass into the
differentiating, short-lived daughter cell, affording a mechanism of stem cell genome

protection during cell replication (Griffin, Haynes, & Levin, 1982).

The Adenoma-Carcinoma sequence

There are numerous steps involved in the formation of tumour tissue from normal tissue
through dysplasia during progression. It is estimated that a typical colorectal tumour
contains at least 11,000 genomic alterations. Two distinct pathways have been
suggested in colorectal carcinogenesis which involves chromosomal instability that is
characterised by allelic losses in chromosome 5q, 17p, and 18q, and the other involves
microsatellite instability (Rivlin, Brosh, Oren, & Rotter, 2011). Mutations in the

adenomatous polyposis coli (APC) gene are found in 63% of sporadic adenomas and up
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to 80% of sporadic colorectal tumours. Furthermore, mutations in the beta-catenin gene
prevent the breakdown of the translated APC protein, promoting adenoma initiation
(Rivlin, Brosh, Oren, & Rotter, 2011). The tumour suppressor gene, p53, located on
chromosome 17p is frequently lost in colorectal malignancy (Rivlin, Brosh, Oren, &
Rotter, 2011). The gene encodes for a DNA-binding phosphoprotein that prevents
progress past the Gi-phase of the cell cycle if DNA damage has occurred. It is also
characterised as a transcription factor, activating and promoting expression of gene
involved in growth inhibition (Rao, et al., 1993). The protein p53 is involved in several
essential cell functions including control of the cell cycle, DNA repair and apoptosis,
and thus is called the “guardian of the genome” (Rao, et al., 1993). The half-life of wild
type p53 protein and mutant p53 protein is approximately 20 minutes and 25 hours,
respectively (Rivlin, Brosh, Oren, & Rotter, 2011). The extended half-life of mutant p53
allows it to accumulate in the nucleus and be over-expressed in tumours. Mutations of
p53 are found in more than 50% of all human cancers and in more than 75% of
colorectal adenocarcinomas (Jemal, et al., 2011). It is debated whether the DCC,
“deleted in colorectal carcinogenesis”, gene is a candidate tumour-suppressor gene. The
DCC gene is deleted in more than 70% of colorectal carcinomas (lozzo, 1984). A
second candidate tumour-suppressor gene, DPC4/Smad4, located in the same region on
18921, is deleted in up to a third of the cases (lozzo, 1984). The SMAD protein family
consists of intracellular proteins that mediate the effects of signalling from extracellular
transforming growth factor beta (TGF-f) and TGF-B-related factors.

Microsatellite instability is explained by defects in DNA mismatch repair genes,
encoding proteins involved in recognition and repair of single base lesions and larger
strand slippage mismatches in DNA replication (Rivlin, Brosh, Oren, & Rotter, 2011).
In sporadic colorectal cancer the described instability usually arises due to epigenetic
silencing of the DNA mismatch repair gene MutL homologue 1 (MLH1) by methylation
of cytosine and guanine residues in Cp-G-rich promoter regions, which prevents the
gene-regions from being transcribed (Rivlin, Brosh, Oren, & Rotter, 2011).
Microsatellite instability causes Lynch syndrome primarily by a germ line mutation in
the mismatch repair genes MutS homologue 2 (MSH2) and MLH1. The lifetime risk of
developing colorectal cancer is up to 75% higher in children with Lynch syndrome
compared with the general population (Triantafillidis, Nasioulas, & Kosmidis, 2009).
Approximately 70% of large bowel tumours in patients with Lynch syndrome arise in

the right/proximal colon. On the other hand, mutation at the tumour suppressor gene
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adenomatous polyposis coli (APC) impairs the function of APC protein (Triantafillidis,
Nasioulas, & Kosmidis, 2009). In most of the cases, the initial mutations occur at the
APC tumour suppressor gene locus (5921-22). Loss of the APC tumour suppressor gene
is thought to be one of the first genetic changes in colorectal adenoma development.
APC is an essential component of a destruction complex in the Wnt pathway involved
in the binding and down-regulation of beta-catenin, which prevents excessive cell
proliferation, regulation of apoptosis, cell-cycle progression and chromosomal stability
(Triantafillidis, Nasioulas, & Kosmidis, 2009).

Statistical data and epidemiology of colorectal cancer in

New Zealand

Fifteen (15)% of worldwide cancer malignancies are due to colorectal cancer (Jemal, et
al., 2011). Colorectal cancer is the third leading cause of cancer in men (10% of total)
and the second cause of cancer (9.4% of total) in women after the leading cause, breast
cancer. There were 21,235 total cancer cases (including colorectal cancers) registered in
New Zealand in 2010, which was an increase of 18.7% from 2000 to 2010. 52.1% of the
cancer registrations in 2010 were male. Cancer was the leading cause of death for both
male and female in 2010 in NZ, accounting for nearly a third of all deaths (Ministry of
Health, 2013). The number of people who suffered from cancer has gradually increased
throughout the years. In 2011, 22,000 cancer cases were registered; in 2013, there were
about 8500 new cases diagnosed with different types of cancer in NZ, and the number is
still climbing in 2015 (Ministry of Health, 2013). In 2008, the Ministry of Health
announced that nearly 1 in every 3 deaths were due to cancerous diseases. These data
show that cancerous diseases are increasing and will slowly become the population’s

primary cause of death in the future (Ministry of Health, 2013).

Melanoma, lung cancer and breast cancer were the most serious types of cancer, and
also the most common cause of death in registered cancer cases for both Maori and non-
Maori population in NZ, as reported by The Ministry of Health in NZ in 2013.
Colorectal cancer was a new type of cancer registered in NZ and incidence rates of
colorectal cancer in NZ rank among the highest worldwide. In 2005 there were 2,716
colorectal cancer cases reported, and 1,222 deaths were recorded, contributing to 45%
of the CRC death rates (Ministry of Health, 2013).
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Table 1: Rankings of major cancer statistic count in 2004/2008 and projected
2014/18 in NZ (Ministry of Health, 2010).

Rankings of Major Types of Cancer from 2004/2008 and projected 2014/18
Rank Registrations
Male Female

1 | Prostate Endometrium

2 Liver Kidney

3 | Oesophageal Lung

4 | Non-Hodgkin Lymphoma (NHL) Melanoma

5 | Melanoma Breast

6 | Leukaemia Oesophageal

7 | Bramn Pancreatic

8 | Coloractal Coloractal

9 Kidney Bladder

10 | Lung Cervix

Lung cancer, colorectal cancer, and melanoma cancer were the top ten types of cancer
affecting the NZ population, according to 2011 statistical data from the Ministry of
Health (Ministry of Health, 2011). Cervical cancer and breast cancer are the leading
types of cancerous diseases that affect the NZ female populations. Of note, these types
of cancer cases are expected to be the major percentage of registered cancer cases in NZ

in the near future.

Suggestion on anti-proliferative effect of

honey

Honey has long been utilised for medical needs, but only recently the cancer prevention
properties of honey have come into the spotlight. Anti-oxidant properties have an
impact against various diseases, for example, coronary diseases, neurologic
degeneration, inflammatory disorders, cancer and aging. This has prompted a quest for
substances rich in anti-oxidants. In fact, chemo-prevention utilises different dietary
agents which are rich in phyto-chemicals that work as anti-oxidants. With expanding
interest in anti-oxidant-rich substances, honey has received more research consideration
since it is rich in phenolic compounds and additional anti-oxidants, as well as amino
acids, ascorbic acid, and proteins (Wahdan, 1998). Some simple and straightforward
polyphenols were found in honey: chrysin, quercetin, caffeic acid, caffeic acid and
phenyl esters, galangin, acacetin, pinobanksin, pinocembrin, kaempferol, and apigenin.

Page 32 of 247



All of these phenolic compounds and anti-oxidants have advanced as promising
pharmacologic reagents in terms of cancer treatment (Al-Waili, Salom, & Al-Ghamdi,
2011).

Chrysin has also been found in honey, and acts as a bio-active compound. Chrysin has
been used as a cancer prevention agent, in a comparative manner to anastrozole, which
Is used to treat conditions such as inflammation and anxiety. As mentioned above,
honey is also known as a dietary source for flavonoids, which have been exhibited to
have anti-inflammatory and anti-carcinogenic activities (Chan, Deadman, Manley-
Harris, & Wilkins, 2013). Although some authors have reported that crude honey may
exhibit proliferative agents that increase proliferation of both malignant and normal
cells, a promising anti-tumour reagent with emphatic anti-metastatic effect was also
reported. The nutritional effect on tumour cells was suggested due to the proliferative
effect of honey rather than a carcinogenic effect. Therefore, the anti-tumour effect was
reported to be the result from many activities, for example, the inhibition of DNA
synthesis with no sign of cytotoxicity, and the down-regulation of MMP-2 and MMP-9,
both of which have been implicated in the induction of the angiogenic switch in
different model systems (Othman N. H., 2012; Saxena S., 2012).

Honey has become a natural product under intense scientific investigation in recent
years due to its healthcare applications and its observed active properties. Some
literature suggests that honey may induce apoptosis in various types of cancer cell lines
(Zhang, Zhao, & Wang, 2008). Honey was reported to reduce the mitochondrial
membrane potential of breast and colorectal cancer cells. A significant increase in the
ROS generation of honey-exposed colon cancer cells was found (Wang, et al., 2011).
Further, levels of thiols were altered with induction of p53 and poly ADP-ribose
polymerase cleavage in colon cancer cells. Honey-induced apoptosis was accompanied
by cell cycle arrest in sub-G1 phase of the cancer cells (Othman N. H., 2012). Increase
in the level of caspase-3 was reported in colon, breast and liver cancer cells (Othman N.
H., 2012). Moreover, inflammatory cytokines like TNF-o, NF-kB and IL-1f were also
involved in honey-induced apoptosis.

One of the most commonly reported phenolics of honey is caffeic acid which is known
to suppress liver metastasis through inhibition of the NF-kB and MMP-9 enzyme

activity (Green & Kroemer, 2004). Caffeic acid-induced apoptosis involves the

Page 33 of 247



indispensable ROS-mitochondrial pathway in colorectal cancer cells; having a second
example: chrysin, work as another phenolic other than caffeic acid, chrysin-generated
apoptosis through caspase-3 activation, downregulation of Akt and p38-MAPK in
cancer cells (Green & Kroemer, 2004). Another important constituent of honey,
apigenin, resulted in the activation of Bax and Bim and downregulation of Akt in cancer
cells (Gratzner & Leif, 1981). Quercet was found to inhibit the leukemia cancer cells
through suppressing protein kinase C and membrane tyrosine protein kinase in-vitro
(Gratzner & Leif, 1981). It also reduced the expression of c-Myc and K-ras oncogenes
(Cunning & Noguchi, 1983). Acacetin-induced apoptosis is accompanied with
activation of Bax and p53, whereas galangin resulted in activation of caspase-3 and
increased accumulation of cells at sub-G; phase (Cunning & Noguchi, 1983; Omotayo
O. Erejuwa, 2014). Pinocembrin treatment was found to increase caspase-3 and also
simultaneously activated Bax and cytochrome-C in colon cancer cells (Green &
Kroemer, 2004).

Honey

Honey is a natural substance produced by honey bees, usually from the nectar of
flowers and honeydew excreted by scale insects (Orsolic, Bee Honey and Cancer,
2009). Honeybees make honey as a food storage to use during winter and this has
been exploited by humans since ancient times (Orsolic, Bee Honey and Cancer, 2009).
Beekeeping has been documented as far back as the Ancient Egyptians (2000-5000
years ago) who used honey as a medicine, as a food source and in embalming. Honey
is the only known natural food which will never spoil and the only sweetening
material which requires no processing to render it ready for consumption. Raw honey

can be eaten straight out of the comb taken from the beehive.

Honey is a saturated solution of sugar which is made from nectar collected from
flowers by bees. The nectar is mixed with enzymes in the beehives and is placed in
wax cells. A ripening process follows where the enzymes (invertases) convert the
sucrose into glucose and fructose and the overall water content is reduced. As well as
sugars, honey contains small quantities of enzymes, amino acids, vitamins, minerals
and other organic acids, the exact composition of a specific honey is variable and

depends in the geographical location and floral source of the nectar.
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Manuka Honey

Manuka honey is derived from the nectar of the Manuka tree, Leptospermum
scoparium, a native of New Zealand (Erejuwa, Sulaiman, & Wahab, 2012). This
nectar is produced in the flowers of the Manuka tree, which are generally white in the
wild and 10 to 12 mm across in diameter. Flowering takes place between September
and February. The Manuka plant is often colonised by scale insects which feed off the
phloem of the tree and excrete honeydew. This encourages black sooty mould to grow
on the bark, giving it a dark colouring (White, 1978). Honeybees can use this
honeydew as a raw material for the production of honey and indeed, honeybees have
been observed harvesting honeydew from scale insects on Manuka trees. However, it
is unclear as to whether this honeydew is incorporated into Manuka honey. Honeydew
honeys have a very complex oligosaccharide composition due to transglucosylation of
the sugars by enzymes in the scale insects’ gut. It has been shown that while Manuka
honey does have higher levels of complex sugar (10%) than most floral honeys (1.5%),
it clearly lacks the variety of oligosaccharides found in honeydew honeys such as
Beech honeydew honey. This suggests that the sugars used to produce Manuka honey
are predominantly floral in origin rather than from honeydew. Previous studies have
also shown that the content of Manuka honey contains more phenolic and flavonoid
antioxidants in comparison to other types of honey worldwide (White, The protein
content of honey, 1978). Since the antibacterial properties are well characterised,
Manuka honey has an additional antibacterial component which is referred to as the

“unique Manuka factor” (UMF), now known to be “methylglyoxal” (MGO).

Thyme Honey

Thyme Honey is produced from the herb "Common Thyme" (Thymus vulgaris) within a
small area in central Otago on New Zealand’s South Island, around the town of
Alexandra (Coulston, 2000). It is believed this is the main population of Thyme
developed as a wild strain outside of its characteristic scope of nations circumscribing
the Mediterranean. Thyme was brought to the South Island by excavators amid the gold
rush of the late 1800s, who utilised it as an herb and restorative plant. As the gold
mining diminished, Thyme gradually spread to the dry atmosphere of Central Otago. In
spring, usually around late October and November, Thyme Honey is produced with the
plant flowering. This spring honey crop tends to leads to honey being packed around the

beehive's "broodnest” and in that capacity is frequently stored in close proximity to
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spring pollen (Coulston, 2000). During extraction this may become a source of

extraneous pollen which is not associated with the nectar producing the honey.

Thyme Honey is probably New Zealand's strongest flavoured honey. It belongs to the
mint family, and the flavour and aroma of Thyme honey are pungent, distinctive and
herbal. Beekeepers' honey extraction plants in the Thyme area have an unmistakable
smell to them, even long after the Thyme crop has been extracted. Thyme honey is
extracted from the honey frames at temperatures less than 37<C (less than 99F). This is
in line with the organic standard. The reason for this low temperature during honey
extraction is to keep alive all the naturally occurring enzymes in the honey. This ensures
truly raw and natural honey. Honey that has been heated above 45°C (113°F) rapidly
starts to degrade, as the enzymes become denatured and other chemical reactions cause
the production of toxins (Coulston, 2000). For this reason it is important to source

“raw” honey that preserves the health-giving properties of that particular honey type.

Medicinal Properties of Honey

The use of honey as a physical barrier in injury treatment and anti-inflammatory
effects are well studied and recorded worldwide. However, the potential knowledge of
its specificity used as an anti-cancer reagent is limited. Honey contains phenolic
compounds which have anti-oxidant and free radical scavenging abilities. Free

radicals cause damage and prevent healing in areas of prolonged inflammation.

Flavonoids are a class of natural products derived from plants which are incorporated
into honeys through propolis, nectar and pollen (Joganathan & Mandal, 2009). The
flavonoids are a large and diverse group of phenolics with a basic Ce-C3-Cs structure
(Joganathan & Mandal, 2009). The two Ce aromatic rings are designated ring A and
ring B with the Cs unit bridging them (Joganathan & Mandal, 2009).

The main function of flavonoids in plants seems to be as a pigment, providing colour to
the plant’s flowers to attract pollinators. The strong light absorbance of flavonoids in
the ultra-violet region also allows them to act as a protective screen against harmful
UV-B radiation (Joganathan & Mandal, 2009). Flavonoids can also act as protective
agents against a number of attacking organisms including viruses, bacteria, fungi,
herbivorous animals (both vertebrate and invertebrate) and even encroaching plants.

This protection is afforded by both allelopathic and phytoalexin mechanisms.
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Allelopathic flavonoids produced by certain species of plants such as ferns, inhibit the
germination and growth of encroaching plants. Plants are also known to produce
flavonoid phytoalexins in response to infection (Ward, 2000). The flavonoid
phytoalexins produced are antibiotic and help fight off the invading pathogen.
Flavonoids are also known to alter gene expression and inhibit energy transfer in plant
cells.
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Table 2: The merits of honey (Al-Waili, et al., 2011).

Merit Component Function
. Such as flavonoids and aromatic acids which reduce
Antioxidants | . :
inflammation and cell damage.
Supporting Natural honey contains raw materials which lower
the Unknown the production of prostaglandins which play a role as
immune | components | immunosuppressant and a critical role in cancer
system development.
. Enhances nitric oxide production which plays role in
L-arginine the ;
¢ Immune response.
Hydrogen A strong killing factor that is generated by glucose
peroxide oxidase which 1s added by bees to nectar.
Non-peroxide honey such as Manuka honey contains
Killing Methylglyoxal such a unique killing factor.
factors Osmolarity ngh sugar content ‘Fie.s up water molecules so tl_lat
microorganisms have insufficient water to grow.
. In acidic environment (pH generally between 3.2 and
Acidity . . ’
4.5) most microorganisms cannot grow.,
When covering wounds with honey, a thick layer 1s
Physical developed which is very difficult to penetrate by
barrier environmental contaminants; this creates a moist
wound healing environment.
Cell proliferation, wound contraction and collagen
formation are regulated by the inducible isoform
Wounds | Nitric oxide | (iNOS) of Nitric Oxide which is synthesized in the
healing early phase of wound healing by macrophages (Witte
and Barbul, 2002).
Vascular endothelial growth factor (VEGF) is an
Hydrogen important angiogenic factor for wound healing. H202
: induces the VEGF promoter in macrophage through
peroxide an oxidant which results in increasing in VEGF
production.
Glucose
Nutrients E’Ttl:xtrfif I!-Ionc],.r !-.’..:Clﬂ'tﬁi.ﬂs such compounds which play role in
Antioxidants | 15 ACHVIEY and potency
amino acids

One of the most prominent and medically-useful properties of the flavonoids is their

ability to scavenge free radicals. Free radicals are highly reactive oxidising species such

as hydrogen peroxide radical and the hydroxyl radical. While these free radicals are

produced during important physiological processes such as respiration and the immune
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response, left unchecked they can cause extensive cellular damage (Erejuwa, Sulaiman,
& Wahab, 2012). Flavonoids can scavenge these free radicals, reducing them to non-
reactive species while being oxidised themselves in the process (Al-Waili, Salom, & Al-
Ghamdi, 2011).

Flavonoids have been reported to process anti-inflammatory activity, oestrogenic
activity, enzyme inhibition activity, anti-microbial activity, anti-allergic activity, anti-
oxidant activity, vascular activity, antiviral, anti-thrombotic, anaesthetic activity and
cytotoxic anti-tumour activity (Ghashm, et al, 2010). These activities give flavonoids
the potential to prevent cancer formation or even the treatment of it, also with many
other diseases such as cardiovascular disease, hypertension, duodenal ulcers, allergies,
gastric ulcers, vascular fragility, diabetes, viral and bacterial infections. Recently,
accumulating reports suggested that honey being rich in flavonoids and poly-phenols,
has potential of anti-proliferative effects against various types of cancer cells (Ghashm,
et al., 2010).

Table 3: Common Phenolic Compounds in Honey (Fauzi, Norazmi, & Yaacob, 2011).

Phenolic Acid Flavonoid
Vanillic acid Tricetin
p-coumaric acid Isohamnetin

Gallic acid Quercetin
Ellagic acid Kampferol
Syringic acid Luteolin

Chlorogenic acid Pinocembrin
Ferulic acid Chrysin
Caffeic acid Fgalangin
Pinobanksin
Myricetin
Apigen
Genisten

Possible anti-cancer effects of honey

There is an increasing number of reports of natural products inhibiting tumour cell
growth and metastasis, as well as those that induce apoptosis such as honey (Fukuda, et
al., 2011). These reports provide chances of curing human tumours with less side effects.

Various signalling pathways, including stimulation of the release of tumour necrosis

Page 39 of 247



factor (TNF)-a, cell proliferative inhibition, induction of the cell cycle arrest and
apoptosis, as well as the lipo-protein oxidation inhibition, intercede the beneficial
effects imposed by honey and its major components such as chrysin and other
flavonoids (Fukuda, et al., 2011). For instance, Tualang honey components exert anti-
proliferative effects against breast cancer tissues, weakening tumour cell proliferation in
MCF-7 and MDA-MB-231 cell lines (Fukuda M. , Kobayashi, Hirono, Miyagawa, &
Ishida, 2009). These anti-neoplastic effects are regulated by caspase-2 and caspase-9
activation and a reduction of the mitochondrial membrane potential in cancer cells,
reflecting an increase in apoptotic events. Administration of honey also induces early
apoptosis in osteosarcomas in a relative dose-dependent manner and attenuates
proliferation in HelLa cell lines. Apoptosis is also enhanced in oral squamous cell

carcinomas following exposure to honey (Wang, et al., 2011).

As mentioned above, the induced apoptosis activity by Tualang honey was due to the
increased leakage of lactate dehydrogenase and reduced mitochondrial membrane
potential, however, the authors had also found that Tualang honey had exerted no
cytotoxic effect in MCF-10A (a normal breast cancer cell line) (Ayyildiz, et al., 2007).
This suggested the cytotoxic effect of Tualang honey is selective and specific to the
breast cancer cell lines (Yaacob, Nengsih, & Norazmi, 2013). This is important because
specificity and selectivity are the key characteristics of a good chemotherapeutic agent.
Other studies had reported that the Indian honey also showed cytotoxic effects on a
breast cancer cell line (MCF-7), and these studies reveal that honey is able to exert
cytotoxic effect in both MCF-7 and MDA-MB-231 cell lines, which are oestrogen

receptor positive and oestrogen receptor negative, respectively (Candiracci, et al., 2012).

Multiple proteins are involved in the adhesion of cancer cells to the extracellular matrix,
and their over-expression has been linked to the initiation and progression of cancer
metastasis. For instance, some studies have previously reported that apigen and
quercetin, both honey-derived flavonoids, could inhibit melanoma lung metastasis
through the inhibition of VCAM-1 expression (Yaacob, Nengsih, & Norazmi, 2013).
Hassan et al. (2012) reported that nitric oxide (NO) production and decreased anti-
oxidant status caused increased hepatocellular carcinoma cell proliferation, and that
honey exhibited cytotoxity through a reduction in NO and restoration of anti-oxidant
status (Yaacob, Nengsih, & Norazmi, 2013). Further, the authors demonstrated that a

reduction in ROS activity could inhibit the Matrix metalloproteinase-9 activity, and
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therefore might provide a mechanism of action for the inhibition of metastasis. Abdel
Aziz et al. (2009) and others (Alzahrani, et al., 2012) demonstrated that honey had anti-
metastatic effects in HepG2 hepatocellular carcinoma cells, due to the inhibition of
Matrix metalloproteinase proteolytic and gelatinolytic activity. In addition, the honey-
derived flavonoid quercetin has been shown to decrease MMP-2 and MMP-9 expression
in PC3 prostate cancer cells (Bishayee, et al., 2013)(Vijayababu et al., 2006). Together,
these findings suggest an increased benefit of honey for the treatment of advanced or

highly metastatic cancer types over early stage tumours.
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Table 4: Effects of honey on the progression of cancer and tumour cells (Erejuwa,

Sulaiman, & Wahab, 2012).

Type of tumour/! cancer and cancer
cell type

Effects of honey (key findings)

In vitro studies

Human breast cancer (MCF- 7 & MDA-
MB-231)

Antagonizes estrogen activity, inhibits cell proliferation, mduces apoptosis,
reduces mitochondnal membrane potential

Human Liver cancer (Hep G2)

Inhibits cell proliferation, suppresses angiogenesis, induces apoptosis,
protects against mutagen- induced DNA damage

Human colorectal cancer (HT 28, HCT
15 & CT 26)

Inhibits cell proliferation, mduces apoptosis, arrests cell cycle, reduces
mitochondrial membrane potential, increazes peneration of ROS, depletes
mtracellular non- protein thiols, induces DINA damage, suppresses
inflammation

Human prostate cancer (PC-3)

Inhibits cell proliferation, mduces apoptosis

Human bladder cancer (T24, 2337, RT4

&MBT-2) Inhibits cell proliferation
Human kidney c&nhier {Fenal cancer cell Tnduoes apoptosis
g)
Human oral cancer {Oral carcinoma) Inhibits cell proliferation
Human bone cancer (Osteosarcoma) Inhibits cell proliferation

Human zlan cancer (Melanoma cellz) Inhibits cell proliferation, amrests cell cycle
Human leukasmia Induces apoptosis
Human endometrial cancer Inhibits cell proliferation
Human lung cancer (NCI-H460) Inhibits cell proliferation

Human cervical cancer

Induces apoptesis, disrupts mitochendrial membrane potential

In vive studies

Walker 234 carcinoma

Inhibits cell proliferation, amrests cell cycle, induces apoptosis

DMBA- induced breast cancer in rats

Delays the development of tomour, reduces the number of size of tumonrs,
prevents the development of high grade cancer

Rats with DEN- induced hepatic cancer

Protects against transformation of normal liver cells to neoplastic hepatic
cellz, restores the PCNA and p33 expression

Mice/ rats with colon carcinoma or

Inhibits formation of metzstases and tumour growth

adenocarcinoma
Mice lmplautedc'u:llﬂl bladder cancer Tnhikifs furnoar prowth
Mice with melanoma Inhibits tmour growth, induces apoptosis

Cell cycle arrest

The cell cycle is a series of consorted events in which cell proliferation is closely

regulated. Four sequential phases contribute to cell proliferation: Gi, S (DNA
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replication), G2 and M (cell division) (Wang, et al., 2000). This cell cycle event is
under the control of several protein kinases and signalling checkpoints, such as the
progression towards mitosis or withdrawal from the cell cycle into a quiescent stage
(Go) during G1 phase (Wang, et al., 2000). The cell cycle is deregulated and results in
uncontrolled cell proliferation in cancer cells. The application of honey-induced cell
cycle arrest has been documented in some studies. For instance, cell cycle arrest in the
sub-G; phase is recorded in bladder cancer cell lines; Aliyu and colleagues (2013) had
found that the cytotoxic effect of honey against the NCI-H460 non-small lung cancer
cell line was regulated through Go/G; cell cycle arrest (William & Stoeber, 2012).
Data suggested that cell cycle arrestment from honey is due to the different flavonoids
and phenolic compounds in honey, and the viability (%) of the cancer cells depends
on the levels of the honeys’ phenolic content (William & Stoeber, 2012).

Every one of the occurrences in the cell cycle are overseen and controlled by several
distinct proteins. The control panel of the cell cycle consists of cyclins and cyclin-
dependent kinases (CDK). The G1/ S stage transition is an essential administrative point
where cell's density is bound for proliferation, quiescence, differentiation and apoptosis
(Collins, Jacks, & Pavletich, 1997). Over-expression and dys-regulation of the cell cycle
development components, for example, cyclin D1 and cyclin-dependent kinases are
connected with tumourigenesis. The loss of this regulation is compromised to the sign
of cancer. The nuclear protein, Ki-67, is a novel marker to test the “growth fraction” of
cell proliferation. It is absent in the resting phase (Go) but expressed during the cell
cycle in all the proliferation phases (G1, S, G2, and mitosis) (Collins, Jacks, & Pavletich,
1997).

Honey and its other compounds (like flavonoids and phenolic components) are reported
to be able to block the cell cycle of colon, glioma, and melanoma cancer cell lines in
Go/G1 phase (Collins, Jacks, & Pavletich, 1997). This inhibitory effect on tumour cell
proliferation resembles the down-regulation of many other cellular pathways involving
ornithine decarboxylase, kinases and tyrosine cyclo-oxygenase. The results of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and the trypan blue
exclusion assays have affirmed that the anti-proliferative impact of honey is in a dose-
and time- dependent measurement pattern (lozzo, 1984). Honey or its other components
inhibit cell growth due to its perturbation of the cell cycle. The cell cycle is also

monitored by p53 which is a cell cycle checkpoint protein that is expressed as a tumour
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suppression gene. Honey has been reported to be involved in the modulation of p53
regulation (Wang, %%, 2011). The anti-oxidant and anti-inflammatory properties of

honey in treatment of colon cancer cells has been well explained by its anti-proliferative

activity.

The Anti-proliferative effect exerted in HCT-15 and HT-29 colorectal cancer cells
with honey treatment in other studies when assessed by 3-(4, 5-dimethylthiazol-2-yl)-
2, 5-diphenyl tetrazolium bromide MTT cell viability assay (Fukuda M. , Kobayashi,
Hirono, Miyagawa, & Ishida, 2009). Flow cytometry analysis showed an increasing
accumulation of hypodiploid nuclei in the sub-Gi phase of the cell cycle indicating
apoptosis (Farr, 2005). Honey transduced the apoptotic signal via initial depletion of
intracellular non protein thiols, consequently reducing the mitochondrial membrane
potential (MMP) and increasing the reactive oxygen species (ROS) generation
(Joganathan & Mandal, 2009). As a results, an increasing earlier lipid layer break was
observed in the treated cells in comparison to the control.

Activation of the mitochondrial pathway and induction
of MOMP

Cytochrome C, is an intermediate in the apoptosis processes that are a controlled form
of cellular death which occur in response to infection or DNA damage (Vogelstein,
Sur, & Prives, 2010). Cytochrome C is located within the intermembrane
mitochondria space and is released out of the mitochondria to the cytosol to initiate
apoptosis after binding with cardiolipin. Induction of mitochondrial outer membrane
permeabilization (MOMP) is essential prior to the release of Cytochrome C (Warburg,
1926). These reactions are known as the intrinsic pathway, also called the
mitochondrial pathway. Agents such as honey which are rich in flavonoids and
phenolic compounds are capable of activating the mitochondrial pathway, and the
release of cytochrome C cascades are considered as potential cytotoxic agents in some
studies (Zhang, Zhao, & Wang, 2008). Other studies have shown that honey induces
mitochondrial membrane permeabilisation in various cancer cell lines via reduction of

the mitochondrial membrane potential.
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Figure 1: Honey blockage of the three stages of carcinogenesis. Honey is
characterised as participating in the inhibition/suppression of initiation, proliferation,
and progression of carcinogenic stages. (Erejuwa, Sulaiman, & Wahab, Honey - A
Novel antidiabetic agent, 2012).

The mechanism of apoptosis

Apoptosis is a programmed cell death which helps to regulate cell growth and eliminate
damaged cells. Several apoptotic pathway involves MOMP which then leads to the
release of IMS pro-apoptotic proteins such as cytochrome C (Jaruga, Sokal, Chrul, &
Bartosz, 1998). The IMS pro-apoptotic proteins then activate the caspase cascade,
resulting in a mitochondrial dysfunction and eventually leads to cell death (Jaruga,
Sokal, Chrul, & Bartosz, 1998). Treatment of cancer cells with honey were shown to
induce cell death in an apoptotic pathway in breast cancer cells via the induction of
caspase- 3/ -7 and -9 activation (Crow, Mani, Nam, & Kitsis, 2004). Honey was also
recently reported to enhance tamoxifen-induced apoptosis by caspase- 3/ -7, -8 and -9
activation (Bishayee, et al., 2013). The effect of honey has also been demonstrated on
several enzymes, genes and transcription factors that are related to apoptosis. Colorectal
cancer cell lines HCT-15 and HT-29 treated with honey appeared to down-regulate
PARP expression (Fukuda, et al., 2011). The PARP is an enzyme that plays a vital role
in apoptosis and DNA repair. As a result, the inhibition of PARP activity by honey will
prevent DNA repair and thereby honey contribution to the increased cytotoxicity in
cancer cells (Crow, Mani, Nam, & Kitsis, 2004). The study further revealed that honey
treatment induced or activated caspase-3, p53 and Bax expression while it down-
regulated Bcl-2 expression (Crow, Mani, Nam, & Kitsis, 2004). Honey has also been
shown to exert anti-mutagenic effect by inhibiting error-prone repair pathway (Crow,
Mani, Nam, & Kitsis, 2004). Other studies have also demonstrated that the anti-
neoplastic effect of honey was mediated via restoration of p53 gene expression (Collins,

Jacks, & Pavletich, 1997). For instance, the apoptotic effect on cancer cells induced by
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Manuka honey was due to the induction of caspase-9, which in turn activates caspase-3,
an executor protein (Mandal, 2009). Apoptosis induced by Manuka honey has also
involved in the induction of DNA fragmentation, activation of PARP, and loss of Bcl-2
expression (Mandal, 2009). The apoptotic property of honey makes it a very possible
natural substance as an anti-cancer reagent as many of the existing chemo-therapeutics

currently used are apoptosis inducers (Mandal, 2009).

As mentioned above, the apoptotic effect of honey was found to be mediated via the
activation of caspase-3, caspase-9 and down regulation of the Bcl-2 expression (Crow,
Mani, Nam, & Kitsis, 2004). Breast and pancreatic cancer cell inhibition were
introduced by Quercetin, it induces apoptosis via down-regulation of Bcl-2 expression
and up-regulation of Bax expression (Collins, Jacks, & Pavletich, 1997). Recent
evidence has disclosed that chrysin is a key constituent in honey that exerts anti-
metastatic effect in human breast cancer cells (Swellam, et al., Antineoplastic activity of
honey in an experimentl bladder cancer implantation model: In vivo and in vitro studies,
2003). Similarly, chrysin was shown to induce apoptosis through caspase-3 and Bax
activation in B16-F1 and A375 melanoma cells (Salah, et al., 1995). Bcl-2 is an anti-
apoptotic protein that is commonly over-expressed in many types of cancer formations.
In contrast, Bax is a pro-apoptotic protein. Characterised de-regulation or impairment of
apoptosis resulting from down-regulation of pro-apoptotic proteins and/ or up-
regulation of anti-apoptotic proteins have generally been found in many cancer cells
(Satomi & Nishino, 2009). Therefore, these findings disclose that honey induces cancer
cell death or apoptosis via activation of a caspase cascade, induction of p53, and up-
regulation of pro-apoptotic proteins — such as Bax -- and down-regulation of anti-
apoptotic proteins such as Bcl-2. The data also point to the role of honey flavonoids in
the apoptotic effect of honey in cancer cells (Jeddar, Khassany, Ramsaroop, Bhamjei, &
Moosa, 1985).

Two characteristics of cancer cells are uncontrolled cellular proliferation and inadequate
apoptotic turnover. Drugs which are commonly used for cancer treatment are apoptosis
inducers. Programmed cell death or apoptosis is categorised into three phases: (a) an
induction phase, (b) an effector phase, and (c) a degradation phase (Jaruga, et al., 1998).
The induction phase stimulates pro-apoptotic signal transduction cascades through
death-inducing signals (Jaganathan S. K., Growth inhibition by caffeic acid, one of the

phenolic constituents of honey, in HCT 15 colon cancer cells, 2012). The effector phase
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is committed to bring cell death via a key regulator, the mitochondrion (Jaganathan S.
K., Growth inhibition by caffeic acid, one of the phenolic constituents of honey, in HCT
15 colon cancer cells, 2012). The last degradation phase comprises nuclear and
cytoplasmic events. Nuclear change includes chromatin and nuclear condensation, cell
shrinkage, DNA fragmentation, and membrane blebbing (Jaganathan S. K., Growth
inhibition by caffeic acid, one of the phenolic constituents of honey, in HCT 15 colon
cancer cells, 2012). In the cytoplasm, a complex cascade of protein cleaving enzymes
called caspases is activated. The cell is finally destined to become fragmented apoptotic
bodies which are phagocytosed by macrophages or other surrounding cells (Jaganathan
S. K., Growth inhibition by caffeic acid, one of the phenolic constituents of honey, in
HCT 15 colon cancer cells, 2012).

The apoptosis usually follows the caspase-8 or death-receptor pathway and caspase-9 or
mitochondrial pathway (El-Kott, Kandeel, El-Aziz, & Ribea, 2012). One of the
mechanisms by which chemotherapy and radiotherapy cause cancer cell death is the
activation of the mitochondrial pathway. Mitochondrial membrane permeabilization is
an early event in the mitochondrial pathway, also known as intrinsic pathway (Jaruga, et
al., 1998). The mitochondrial pathway involves a series of interactions between several
stimuli such as nutrients, physical stresses, oxidative stress and damage, during which
several protein (such as cytochrome C) usually located in the intermembrane
mitochondria space (IMS) become released resulting in cell death. Therefore,
compounds or agents such as honey that are rich in flavonoids are capable of activating
the mitochondrial pathway and causing the release of cytochrome C. On the other hand,
honey can also induce apoptosis via depolarization of the mitochondrial membrane by
elevating caspase-3 activation and PARP cleavage in human colon cancer cell lines.
This effect is attributed to honey’s high phenolic and tryptophan content (El-Kott,
Kandeel, El-Aziz, & Ribea, 2012). Honey generates reactive oxygen species resulting in
the activation of p53, and p53 in turn modulates the expression of pro- and anti-
apoptotic proteins like Bcl-2 and Bax (El-Kott, Kandeel, El-Aziz, & Ribea, 2012).
Honey as an adjuvant therapy with Aloe vera boosts the expression of pro-apoptotic
protein Bax and decreases the anti-apoptotic Bcl-2 expression in Wistar rats (El-Kott,
Kandeel, El-Aziz, & Ribea, 2012).
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Honey and its effect on tumour necrosis factor (TNF)

Tumour necrosis factor (TNF) has both positive and negative roles in inflammatory
diseases. TNF-a has also been shown to be involved in host defence mechanisms as a
key cytokine, however TNF also mediates tumour initiation, promotion, and progression
(Jaruga, et al., 1998). The ability of TNF to activate NF-kB is part of its link to a pro-
inflammatory effect in many diseases. Activation of NF-kB leads to the expression of
inflammatory genes like LOX-2, COX-2, as well as cell-adhesion molecules,
chemokines, INOS, and inflammatory cytokines. As a result, TNF is considered to be a
growth factor for many of tumour cells, and can play a key role in regulating important

cellular processes.

Regulation of cellular processes can arise from stimulated release of TNF. Royal jelly
proteins (apalbumin-1 and apalbumin-2) in honey have anti-tumour properties, and
pasture, jelly bush, and Manuka honeys (at concentrations of 1% w/v) stimulate
monocytes to release tumour necrosis factor-alpha and interleukin- (IL-) 15 and IL-6.
The possible mechanism arising from the TNF release involves receptor binding and

signal cascades which further regulate apoptosis and inflammation.

Suppressive of Tumour Necrosis Factor (TNF)

Cancer formation is linked to chronic inflammation, where prolonged and excessive
inflammatory responses damage tissues by preventing it from healing. In literature
reviews, honey exhibits anti-inflammatory responses when applied in cell cultures,
animal models and clinical trials (Chien, et al., 2009). Various types of chemicals and
biological agents induce inflammatory processes by activating pro-inflammatory
cytokines or enzymes. The catabolic reaction carried out by the cyclooxygenase
(COX)-2 enzyme catalyses the metabolism of arachidonic acid to prostaglandins (Chien,
et al., 2009). In many cases, anomalous arachidonic acid metabolism is usually
involved in inflammation and carcinogenesis. COX-2 is over-expressed in pre-
malignant and malignant status. Phenolic compounds in honey are responsible for the
anti-inflammatory activity. The mechanism involves the suppression of the pro-
inflammatory activities of COX-2 and/ or inducible nitric oxide synthase (iNOS)
through these phenolic compounds or flavonoids (Vidya Priyadarsini, et al., 2010).

Therefore, honey and its components have been documented to be involved in
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regulation of proteins such as ornithine decarboxylase, tyrosine kinase, iNOS, and
COX-2.

Manuka honey has also been found to increase IL-1B, IL-6 and TNF-a production
(Alvarez-Suarez, F., & Battino, 2013). This immune-protective and immune-
modulatory activity is often linked to the anti-cancer action. It stimulates antibodies, B
& T lymphocytes, monocytes, neutrophils and natural killer cells (NK-cells) production
during primary and secondary immune responses in tissue culture (Abubakar, Abdullah,
Sulaiman, & Suen, 2012). It has been shown that honey stimulates macrophages, T-cells

and B-cells to provoke anti-tumour effects.

Chronic inflammation has been linked with the initial stages of malignant cell formation.
Tumour necrosis factor (TNF) has been shown to mediate tumour initiation, promotion
and progression. The pro-inflammatory effect of TNF is connected to many other
diseases due to its ability to activate NF-kB, leading to the expression of inflammatory
genes like lipoxygenase (LOX)-2, chemokines, cell adhesion molecules, COX-2, iNOS,
and inflammatory cytokines (Abubakar, Abdullah, Sulaiman, & Suen, 2012). Therefore,
the TNF factor is considered to be a growth factor for many tumour cells (Ghashm,
Othman, Khattak, Ismail, & Saini, 2010). Ironically, a sub-type of TNF factor, TNF-a
plays a critical cytokine role in host defence mechanisms by releasing cytokines, which
is beneficial for the inhibition or induction of various inflammatory diseases (Abubakar,
Abdullah, Sulaiman, & Suen, 2012).
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Figure 2: Induction of apoptosis through the caspase 8 and caspase 9 pathways.
Whether induction of apoptosis is achieved from caspase -8 or -9 pathways, the external
stimuli from honey is a possible initiator. Bcl-2: B cell lymphoma 2 protein; Bid: Bcl-2
associated X proteins; Cyt. C: cytochrome C; Apaf-1: apoptotic protease activating factor; IAP: inhibitor
of apoptosis protein; Caspase 3-caspase protein that interacts with caspase 8 and caspase 9. (Ghashm,
Othman, Khattak, Ismail, & Saini, 2010)
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Figure 3: The effects of honey-induced apoptotic pathway. Honey exerts apoptotic
effects through up-regulation and modulation of pro-apoptotic proteins (p53, Bax,

caspase 3 and caspase 9) and down-regulation of anti-apoptotic proteins (Bcl-2).

Bcl-2: B cell lymphoma 2 protein; Cyt. C: cytochrome C; Apaf-1 — apoptotic protease activating factor 1:
tumour necrosis factor; TRAIL: TNF related apoptosis-inducing ligand; TRADD: TNFR associated death
domain protein. (Ghashm, Othman, Khattak, Ismail, & Saini, 2010)
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Anti-mutagenic activity of honey

Mutagenicity, the capacity to induce genetic mutation, is closely associated with cancer-
causing events in nature. Honey’s anti-carcinogenic property is seen in the fact that it
has been shown to be a strong anti-mutagenic agent (Rivlin, Brosh, Oren, & Rotter,
2011). The effect of honey on radiation (UV or y types) treatment of Escherichia coli
cells shows SOS response (SOS is an error prone repair pathway contributing to
mutagenicity) (Rivlin, Brosh, Oren, & Rotter, 2011). Another study was performed to
knock-out some important genes such as recA, umuC and umuD involved in SOS-
mediated mutagenesis. These progressions are altogether restrained in the presence of
honey, affirming its strong anti-mutagenic effect. Honeys from different floral origins
have also exhibited inhibition of Trp-p-1 mutagenicity (Rivlin, Brosh, Oren, & Rotter,
2011).

Mutagenic substances act directly or indirectly by advancing mutations of genetic
structure. During the roasting and frying of food, heterocyclic amines are built, e.g. Trp-
pl (3-amino-1,4-dimethyl-5H-pyridol [4,3-b] indole). The anti-mutagenic activity of
honeys from seven different floral sources (acacia, buckwheat, firewood, soybean,
tupelo and Christmas berry) against Trp-p-1 was tested via the Ames assay and
compared to that of a sugar analogue and to individually tested simple sugars (Rivlin,
Brosh, Oren, & Rotter, 2011). All honeys exhibited significant inhibition of Trp-p-1
mutagenicity. Glucose and fructose were found to have similar anti-mutagenic activity
to honey and were more anti-mutagenic than maltose and sucrose. Stingless bee honeys
from west Amazonian Ecuador showed anti-mutagenic activity assayed with
Saccharomyces cerevisiae D7 strain, inhibiting back-mutation over the entire tested

concentration range (Rivlin, Brosh, Oren, & Rotter, 2011).

Oestrogenic modulatory activity

Oestrogen is included as a factor in a number of malignancies. Honey modulates
oestrogen by its antagonistic action. Honey may be useful in treatments of oestrogen-
dependent cancers such as breast and endometrial cancers (Zhang, Yang, & Morris,
2004). Oestrogen receptors bind to oestrogens to dimerise and then translocate into the
nuclei. These complexes then tie to the particular DNA base sequences called
oestrogen-response elements resulting in transcription and translation of the oestrogenic

effect in the targeted tissue (Sauer, Wartenberg, & Hescheler, 2011). This signalling
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cascade induced by oestrogens may be modulated at any stage. Honeys from various
floral sources are reported to mediate oestrogenic effects via the modulation of
oestrogen receptor activity (Sauer, Wartenberg, & Hescheler, 2011). This effect is
attributed to its phenolic content. Greek honey extracts exert an oestrogen agonistic
effect at high concentrations (20-100 Ig/mL) and an antagonistic effect at low

concentrations (0.2-5 ug/mL).

Anti-oxidant activity and honey

The role of oxidative stress (including free radicals) in the cancer-causing process is
well entrenched in scientific literature. Reactive oxygen species and reactive nitrogen
species, such as hydroxyl radicals, superoxide, hydrogen peroxide, nitric oxide,
peroxynitrite, and others, are oxidative stress agents which damage lipids, proteins, and
DNA in cells (Sauer, Wartenberg, & Hescheler, 2011). Cells promote a defensive
system against oxidative damage (Sauer, Wartenberg, & Hescheler, 2011). This defence
system consists of anti-oxidants or oxidative protective agents such as catalase,
superoxide dismutase, peroxidase, ascorbic acid, tocopherol, and polyphenols (Sauer,
Wartenberg, & Hescheler, 2011). Anti-oxidants acting as a free radical scavengers,
which may inhibit the cancer process in vivo. Although the exact anti-oxidant
mechanism is unknown, the proposed mechanism is through hydrogen donation, free
radical sequestration, metallic ion chelation, flavonoids substrates for hydroxyl and
superoxide radical actions (Sauer, Wartenberg, & Hescheler, 2011). The anti-oxidant
capacity of honey contributes to the prevention of several acute and chronic disorders
such as diabetes, inflammatory disorders, cardiovascular diseases, and cancer. The
phenolic acids and flavonoids are responsible for the well-established anti-oxidant
activity of honey. The anti-tumour effect of honey may be attributed to its anti-oxidant
activity. An enhanced anti-oxidant status with apoptosis has been observed in
hepatocellular carcinoma cells. Daily consumption of 1.2 g/lkg body weight of honey
has been shown to promote the amount and the activity of anti-oxidant agents such as
beta-carotene, vitamin C, glutathione reductase, and uric acid (Abubakar, Abdullah,
Sulaiman, & Suen, 2012).

Possible side effects of honey
The possible side effects of honey are allergic reactions (especially to people who are

allergic to bees’ products), risk of having a rise in blood sugar level, and possible
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interactions with certain chemo-therapy drugs. Most of the studies on different types of
honey have been applied to a small number of patients. However, more studies are
required to decide whether if it is safe to use or effective for various medical conditions.

Honey is relatively safe when taken by mouth in food consumption, or when
recommended dosages are applied. Honey is also pretty safe when applied to the skin.
Honey has the same relative sweetness and chemical backbone as table sugar, so the
recommended serving size of honey is the same as it is for table sugar. One tablespoon
(TBS) is considered a serving and it is not recommended that you exceed 10 TBS in the
course of one day. This 10 TBS recommendation is for all added sugars, including those
in packaged foods. Going over 10 TBS in a daily upper limit may introduce to gastric
problems such as stomach cramps, bloating or diarrhoea. Because of the fructose
content, nutrient absorption in the small intestine might be disrupted when eating too
much, which may contribute to further abdominal discomfort unless the honey is fully
out of the system.

Honey may also cause abnormal or absent heart rhythms, blurred vision, changes in
taste, changes in white blood cell count, chest pain, diarrhoea, double vision, drowsiness,
faintness, fatigue, feeling of burning or tingling on the skin, fever, heart attack, honey
intoxication (sweating or weakness when honey produced from Rhododendron plants is
used), hyperactivity, impaired consciousness, increased saliva, lung problems, mild
paralysis, musculoskeletal problems, minor scarring, nausea, nervousness, pain, seizures,
sleep problems, sweating, tooth decay, upset stomach, urinary tract infections, vomiting,
weight loss, and wound dryness or infection (Coulston, 2000). Blood sugar levels may
be affected, therefore, caution is advised in people with diabetes or low blood sugar, and
in those who taking drugs, herbs, or supplements that affect blood sugar. Blood sugar
levels may also need to be monitored by a qualified healthcare professional, such as a
pharmacist, or medication adjustments may be necessary (Coulston, 2000). In addition,
honey may also increase the risk of bleeding, caution is advised in people with bleeding
disorders or taking drugs that may increase the risk of bleeding (Coulston, 2000).
Dosing adjustments may be necessary as honey may cause low blood pressure. Caution

is advised in people taking drugs or herbs and supplements that lower blood pressure.

Perhaps the most commonly known microbial threat that comes with honey is

Clostridium botulinum. Although an adult’s intestines are usually more than capable of
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handling this bacterium, dormant spores can always be activated in an infant’s under-
developed digestive system. The risk can easily be eliminated by simply not giving any
raw honey to 1 year old children and younger. Another effect that high temperatures
seem to have on honey and sugary foods in general is that it increases the amount of a
particular substance called hydroxymethylfurfural (HMF). It’s hardly present in fresh
food but processed foods that undergo heat treatment have HMF in varying amounts
depending on the amount of heat applied. Usually the higher the temperature, the more
HMF is found. Initial research on the substance shows that it can potentially damage
DNA. HMF is also found in high fructose corn syrup. Since this sweetener is also used
to feed honey bees, HMF has been identified as one of the possible toxins that are

killing off honey bees.

Conclusion

Cancer not only affects the quality of lives of people but is also a major economic
burden. A cancer patient in a family implies not only physical trauma for the patient but
also a financial encumbrance for those families. Hence, there is a big avenue for
research to develop new as well as cheap chemotherapeutics which will solve this
mammoth task of eliminating cancer. Although various dietary agents have been
explored, honey remains one of the promising agents for cancer prevention and
treatment. Honey composed of various biologically active constituents has been
frequently studied by various researchers for its therapeutic potential.

Honey

il |

Antioxidant activity Anti-inflammatory activity

. Immunomodulatory activity
Anticancer response -
Cyclooxygenase-2 (COX-2) modulation

Tumor necrosis factor (TNF) modulation

p53 regulation
Cell cycle arrest

Antimutagenic activity

Estrogen modulation

Figure 4: The schematic presentation of anti-cancer activity of honey (Erejuwa,
Sulaiman, & Wahab, 2012). Honey is shown to be associated with multiple anti-cancer
processes.

Evidence is developing that honey might have the possibility to be an anti-cancer

reagent through several mechanisms. In spite of the fact that the full component is yet to
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be described, studies have demonstrated that honey has anti-cancer impact through its
impedance of multiple cell-signalling pathways, such as inducing apoptosis, anti-
proliferative, anti-inflammatory and anti-mutagenic pathways. Honey modulates the

body’s immune system and, with different floral sources, may provide different effects.
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Aims and objectives of the study

Regardless of the beneficial effects of honey, there are only limited studies of Manuka
honey in terms of its target-cell speciality. Previous honey studies showed that different
types of honey significantly reduced cancer cell numbers. The trial did however
recommend that further multi-centre randomised trials be conducted to validate their
findings.

New Zealand Manuka honey produced by Comvita Ltd is well known for its strong
antibacterial activity based on its high MGO content (Ward, 2000). We hypothesized
that Manuka honey would be the superior choice for testing the ability of honey to
decrease the number of colon cancer cells, given its antibacterial activities, perhaps it
possesses additional anti-proliferative activities. Manuka honey is of interest in
scientific research regarding its potential to combat human disease. Additionally, an
alternatively-sourced honey is of interest for its potential health benefits. Two types of
New Zealand honey (UMF+15, a Manuka-sourced honey, and Thyme, both from
Vitabeez Ltd) were designated to investigate the effects of honey’s potential anti-
proliferative activity against WiDr and LoVo colon cancer cell lines in order to increase
the known scientific findings for these types of honey.

Aims

The aim of this study is to determine whether food grade New Zealand honey (UMF+15
and Thyme) from Vitabeez Ltd is superior to a standard best practice drug treatment in
inhibiting colon cancer cell numbers by inducing apoptosis. Since the anti-tumour
activities are not well characterised, this study may provide useful information on anti-
tumour activities of New Zealand honey by using WiDr and LoVo colon cancer cell

lines as in vitro models.

Objectives

Two main objectives for each of the two cancer cell lines were being examined.

1. To investigate the anti-tumour effects of Manuka honey and Thyme honey on two
colon cell lines by using MTT assays.

2. To measure Manuka honey- and Thyme honey- induced apoptosis by using flow

cytometry.
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Chapter 2: Methodology
Design of this research study

This study concentrates on two human adenocarcinoma cancer cell lines: WiDr and
LoVo. WiDr cells are derived from human female colon adenocarcinoma epithelial cells,
and are used in cell culture studies of anti-tumour agents. WiDr cells are also
tumourigenic in animal studies. LoVo cells are derived from a human male metastatic
lymph node tumour in a patient suffering adenocarcinoma of the colon. LoVo cells are
also used in cell culture studies of anti-tumour agents. Both cell lines are used to
describe mechanisms of apoptosis. This study consists of two main parts: First,
measuring the percentages of inhibitory effects from honey solutions by using cell
viability (MTT) assays, and second, measuring the honey-induced apoptotic effects by
using flow cytometry. Firstly, the anti-proliferation effects were determined after
culturing cells with Manuka or Thyme honey solutions for 24, 48 and 72 hours within
96-well plates. The quantitative data for anti-proliferative effects was calculated to
determine the half maximal inhibitory concentration (ICso). Inhibitory data will be
statistically analysed by “Prism” software, and “Kaluza Analysis 1.3” software will be

used for analysis of flow cytometry results.

In this study, oxaliplatin will be used as a positive control to ensure the effectiveness of
the honey solution towards the inhibition encounter to the cancer cells while doing the
MTT assays. Once the assay is completed, the second part of this experiment involved

the measuring of the apoptotic levels of the cancer cells by using flow cytometry.

Cell viability assay

Cell-based assays are frequently used for screening accumulation of compounds in
order to figure out: First, whether the test molecules have any outcomes in terms of cell
proliferation or second, show any direct cytotoxic impacts that in the long run which
lead to cell death. Cell-based assays also are broadly utilised for measuring receptor
binding and a variety of signal transduction events that may involve the expression of
genetic receptors, trafficking of cellular components, or monitoring organelle function
(Batumalaie, et al., 2013). Despite of the kind of cell-based assay being used, it is
crucial to know the rate of viability of the cells through time toward the end of the

experiment.
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The primary homogenous cell viability assay that was developed was the MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction assay. It
was created for a 96-well plate format that was suitable for a high throughput screening
(HTS) (Spinner, 2001). The MTT substrate is prepared in a physiologically adjusted
arrangement, by adding to the cells in culture, usually achieve a final concentration of
0.2 — 0.5 mg/mL, in which incubated for 1 — 4 hours. The insoluble purple formazan
was generated during the incubation period as the quantity of it is a result of a direct
proportional to the number of viable cells. The volume of formazan is then measured in
absorbance at 540 nm using a plate reading spectrophotometer. A reference wavelength

(4) of 680 nm is always used, but not necessary for most assay conditions.

Apoptosis effects measured by the flow cytometry

Apoptosis is an intentionally-regulated procedure of cell death that happens as a
common process of development in evolutionary history. Some disease states are
sometimes correlates with improperly-directed apoptosis, for example, Alzheimer’s
disease and malignant tumour formation. Apoptosis is distinct from undesigned cell
death (e.g., necrosis), by identified morphological and biochemical changes, including
compaction and fragmentation of the nuclear chromatin, shrinkage of the cytoplasm,
and loss of membrane asymmetry (Sherr, 1994). Phosphatidyl serine is an important
phospholipid membrane component which is located on the cytoplasmic surface of the
cell membrane in normal living cells (Bedi, et al., 1995). However, in apoptotic cells,
phosphatidyl serine is translocated from the inner to the outer leaflet of the plasma
membrane, therefore, exposing phosphatidyl serine to the external cellular environment.
In leukocyte apoptosis, phosphatidyl serine on the outer surface of the cell marks the
cell for identification which leads to phagocytosis by macrophages. The human anti-
coagulant, annexin V, is a 35 — 36 kDa Ca?" - dependent phospholipid binding protein
that has a high affinity for phosphatidyl serine. Annexin V labelled with a fluorophore
or biotin can be used to recognize the apoptotic cells by binding to the phosphatidyl

serine which is exposed on the outer leaflet (Bedi, et al., 1995).

The Alexa Fluor® 488 annexin V / or Dead cell apoptosis kit with Alexa Fluor®@ 488
annexin V and propidium iodide for flow cytometry can offers a fast and convenient
assay for apoptosis. The kit contains a collection of the annexin V that is conjugated to a

fluorophores. The Alexa Fluor® 488 dye provides the maximum sensitivity. Alexa
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Fluor® 488 dye is a near-spectral match to fluorescein (e.g., FITC), but it produces

brighter and more photo-stable conjugates (Bedi, et al., 1995).

The kit has also includes a ready-to-use red fluorescent solution of propidium iodide,
which is a nucleic acid binding dye. Although propidium iodide is an impermeable dye
to living cells and apoptotic cells, it stains dead cells with red fluorescence by tightly
bind to the nucleic acids within the cell (Rieger, Nelson, Konowalchuk, & Barreda,
2011). After staining a cell population with Alexa Fluor® 488 annexin V and propidium
iodide in the given binding buffer, apoptotic cells will show a green fluorescence, dead
cells will show a red and green fluorescence, and living cells will show a little or no
fluorescence. All of these different populations can easily be distinguished by using a
flow cytometer with the 488 nm line of an argon-ion laser for excitation (Rieger, Nelson,
Konowalchuk, & Barreda, 2011).

A MoFlo™ XDP (Beckman Coulter, Inc., Brea, CA) flow cytometer was used to
analyse the single cell and study their viability and scatter properties. Both WiDr and
LoVo cells were cultured in petri dishes at a concentration of 1 x 10* cells/well. Similar
to the MTT assay, different concentrations of honey (0.5% - 2.5%) or oxaliplatin (20
1UM) were added after 5 — 24 hours incubation, cells were then harvested, washed and

stained followed by a 24, 48 and 72 hours interval.

The design of this experiment is to identify whether the anti-proliferative effects of
honey (both UMF+15 and Thyme) are carried out by apoptotic pathways. Oxaliplatin
was used as a positive control for apoptosis in colorectal cancer cells. Alexa Fluor® 488
annexin V / Dead cell apoptosis kit was purchased from InvitrogenTM (Life

Technologies).
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Cell lines information, materials and

reagents

WiDr and LoVo human colon adenocarcinoma cell lines were purchased from ATCC
(Cryosite Ltd, NSW, AU). Tissue culture flasks and RPMI 1640 culture medium were
purchased from Gibco, Life Technologies. 25 cm? tissue culture flasks were used for
cells culturing, with addition of complete growth medium (5 mL), which consisting of
RPMI 1640 culture medium (REF: 21870-076, Gibco, by Life Technologies),
supplemented with 1% L-glutamine, 1% Penicillin Streptomycin and 10% fetal bovine
serum. All cell lines were incubated in a tissue culture incubator at 37°C, supplied with

5% carbon dioxide humidified air. A summary of all material sources is found in Table

6.

Table 5: Cell lines that were used in this study.

Ce.ll Lu?e ATCC Catalog Cell Line Description
Designation No.
WiDr CCL-218 WiDr: Colon Adenocarcinoma; Human
LoVo CCL-229 LoVo: Colon Adenocarcinoma:; Human

Table 6: Materials and reagents that are involved in this experiment.

Main Materials involved in the 1st half of this study

Material

Provider

Cell Lines (W1Dr, LoVo)

ATCC (Cryosite Ltd, NSW, AU)

RPMI 1640 Cell Culture Medium

InvitrogenTM (Life Technologies)

TrypLE ™ Express

InvitrogenTM (Life Technologies)

Fetal Bovine Serum Sterile Filtered (FBS)

Meregate AUS&NZ

Penicillin Streptomycin

InvitrogenTM (Life Technologies)

L-Glutamine 200mM (100X)

InvitrogenTM (Life Technologies)

Falcon® 96-Well Cell Culture Plates

In Vitro Technologies (Serving
Science & Medicine)

Thiazolyl Blue Tetrazolium Bromide (MTT
Powder)

Sigma-Aldrich

Dimethyl sulfoxide (DMSO)

Sigma-Aldrich

Culture flasks (T75, T25)

InvitrogenTM (Life Technologies)

Dead cell apoptosis kit with Alexa Fluor®
488 annexin V and PI

InvitrogenTM (Life Technologies)
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Table 7: Apoptosis cell kit information

Material ‘:,T;; 4111t Composition Storage™ Stability
?ﬂ?;{%) 488 Solution in 25 mM HEPES,
annexin V 250 UL 140 mM NacCl. 1 mM EDTA,
(Companen pH 74 0.1% bovine serum 2.6°C ‘When
£ A) albumin (BSA) stored as

—= Protect from directed
Propidium light this kit is
iodide (PI, 1 mg/mL (1.5 mM) solution in
Component 100 L deionized water stable for
B) DO NOT 1 year
5X ammexin FREEZE from the
binding COMPONEN date_of
buffer 15 mL 50 mM HEPES, 700 mM NaCl, | T A recelpt.
12.5 mM CaCl., pH 7.4

(Componen
tC)
*The Alexa Fluor® 488 annexin V and propidium iodide are light sensitive and may be
handled in normal room light, but avoid prolonged exposure to light.
Number of assays: Sufficient material is supplied for 50 (Cat. No. V13241) flow
cytometry assays based on a 100 uL assay volume.
Approximate fluorescence excitation / emission maxima: Alexa Fluor® 488 annexin
V: 488 / 499 in nmm; propidium iodide: 535 /617 in nm, bound to DNA.

Materials and reagents preparation

Preparation of completed medium

Gibco, Roswell Park Memorial Institute (RPMI) 1640 culture medium (REF: 21870-
076) was purchased from Life Technologies. Fetal Bovine Serum, L-glutamine, and
Penicillin-Streptavidin were purchased from suppliers as noted in Table 6. Complete
medium was prepared by supplementing RPMI 1640 with 1% L-glutamine, 1%
Penicillin-Streptomycin, and 10% fetal bovine serum. Complete cell culture medium is
used for all cell culture work as well as all dilutions for drug preparations throughout
the studies to ensure that osmolarity does not exceed 330 milliosmol/L.

Preparation of phosphate buffered saline (PBS), pH 7.2

PBS (10x) stock solution is prepared with components described in Table 8. Prior to
use in experiments, the stock solution is diluted 10-fold to a 1x solution, and adjusted to
pH 7.2. The pH is adjusted by adding 1 M sodium hydroxide (NaOH) or 1 M
Hydrochloric acid (HCI). The solution is autoclaved at 121°C for 20 minutes and stored
at 4°C before use.
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Table 8: The components of the phosphate buffered saline.

Components Molecular Weight Concentration mM
(Inorganic salt) (g/mol) (mg/L)
Potassium Phosphate -
Monobasic (KH,PO4) 136 1440 10.59
Sodium Chloride -
551.

(NaCl) 58 90000 1551.72
Sodium Phosphate
Dibasic 268 7952 29.66
(NHEI_IPO:I . ?H:O)

Preparation of 12 mM MTT Solution
MTT powder (0.05 g) and 1x PBS (10ml) are combined and mixed in a 15ml centrifuge

tube, to prepare a 12 mM MTT stock solution. Upon usage, a sterile Millex GV 0.22 pm
syringe filter is used for sterilization, and for filtering off any spontaneously formed
formazan crystals and undissolved MTT powder. The MTT solution is then be wrapped

in aluminium foil and stored at 4°C.

Preparation of the 1x annexin binding buffer and 100 ug/mL working Pl

solution
Prepare 1x annexin binding buffer by adding 1 mL of 5x annexin binding buffer

(Component C) into 4 mL of deionized water. Prepare 100 pg/mL working propidium
iodide (PI) solution by diluting 5 pL of 1 mg/mL P1 stock solution (Component B) in 45
uL of 1x annexin binding buffer.

Preparation of the honey solutions
Aseptically prepare 10% (v/v) stock solution of honey using complete culture medium

immediately prior to use. Filter the stock honey solution with a sterile Millex GV 0.45
um syringe filter. Prepare serial dilutions from the filtrate: 1%, 2.5%, 5%, and10%. Add
100 pL of appropriate honey solution into each cell culture well, bringing total volume
of each well to 200 pL. Once added to cell culture wells, the honey concentrations are
0.5%, 1.25%, 2.5% and 5%.

Osmolarity of honey solution
Osmolarity, also known as osmotic concentration, is the measurement of solute

concentration. The plasma osmolarity within humans is roughly at 300 + 30 (270 — 330)

milli-osmoles per kilogram. The water content is usually less than 10% in honey to
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prevent decomposition in NZ honey industry standard. Since honey is a concentrated
solid, concentration of the honey solution is crucial and has to fall within the accepted
osmolarity range (less than 300 mOsm/L) to prove the effect of honey towards cancer

cells is biological but not physical.

20uM oxaliplatin preparation

Oxaliplatin Actavis® 100 powder for injection (100 mg) was purchased from Actavis
Australia Pty Ltd. Initially prepare 12.6mM solution of oxaliplatin in milli-Q water.
Prepare stock solution of 20 uM oxaliplatin in completed medium. Sonicate the

oxaliplatin solution for at least 20 minutes before usage.
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Basic cell culture
Initiating cell cultures from frozen stocks

Cell were thawed rapidly by briefly immersing the vial in a 37°C water bath for 2-3
minutes with constant agitation. Upon thawing, immediately wipe the outside of the vial
with 70% ethanol, then transfer the contents of the vial to a T25 flask containing 1 mL
of pre-warmed completed medium. An additional 3-6 mL of medium was added to the
flask. After gently swirling the flask to distribute cells evenly over the growth surface,
the culture was placed in a 37°C, 5% CO-, humidified incubator. On the following day,
the cells were examined under a microscope for adherence. Healthy cells display a flat
morphology and adhere well to the plate. The medium was aspirated and replaced with
fresh, warm growth medium. Cell cultures should be split when they reach about 70-

80% confluence.

Split the cells

To split the cells, the medium was removed and the cells were washed once with pre-
warmed sterile PBS (containing no Ca®* and Mg?*). An aliquot of 1-2 mL of TrypLE™
Express solution was added and the cell monolayer was treated for 1-2 minutes, or
longer, until cells detach. To stop trypsinisation, 5-10 mL of growth medium was added
and then the cells were re-suspended gently but thoroughly. After counting cells using a
haemocytometer, the viable cells (1-2 x 10* / cm?) were then transferred to a new
culture flask containing an appropriate volume of growth medium. The flask was gently

swirled to evenly distribute the cells.

Preparing frozen stocks of cells

Once the cells have been established in culture, the frozen stock should be prepared
from an early passage to ensure a renewable source of cells. To trypsinise the cells, the
medium was removed and the cells from the desired number of flasks were washed once
with pre-warmed sterile PBS (containing no Ca?* or Mg?*). An aliquot of 1-2 mL of
TrypLE™ Express solution were added into each flask and the cell monolayer was
treated for 1-2 minutes, or longer, until cells detach. To stop trypsinisation, 5-10 mL of
growth medium was added into each flask and then the cells were re-suspended gently
but thoroughly. Pooled cell suspensions were counted and total viable cell number

calculated. After centrifuging cells at 1200 rounds per minute (rpm) for 7 minutes, the
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supernatant was aspirated. The cell pellet was re-suspended at a density of at least 1-2 x
10 cells/mL in freezing medium (Invitrogen). Aliquots of cell suspension (0.5-1 mL)
were then dispensed into sterile cryovials. Freeze slowly (1°C per minute) by placing
vials in a thick-walled Styrofoam container at -20°C for 1 hour before storage at a -80°C
freezer overnight. Cryovials were removed from Styrofoam container the following day
and placed in liquid nitrogen for storage. Two or more weeks later, confirm the viability
of the frozen stocks by starting a fresh culture from frozen cells as described above
(Folkman, 1995).
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MTT Cell Viability Assay

MTT linearity assay

A Cell linearity standard curve is required prior to each cell line experiment. The

absorbance value is referred to on the y-axis and cell number per mL on the x-axis. The

cell number should fall within a linear portion of the curve.

The absorbance value at 540 nm vs the cell number/mL can be used to determine the

cell proliferation under various living conditions. As the cell number is decreased in a

1:2 dilution across the plate, the cell number should fall within a linear portion of the

curve. Since there is similarity between the MTT linearity assay and the experiment, the

MTT linearity assay can be used as a reference to show the experiment data are valid

and also ensures the skill of handling various cell lines by the operator.

Table 9: The serial dilution plan for construction of the cell linearity standard
curve (See Figure 5).

Preparation ) Cell number per ] _ _
tube Number Cells/mL well Cell Culture Volume preparation
1 640,000 64,000 600 pL of 6.4 x 105 cells / mL
stock
_ 2 'ml.
2 320,000 32,000 600 uL of 3.2 x 105 cells / mL
stock
3 160,000 16,000 600 L of 1.6 x 105 cells / mL
stock
4 80,000 8.000 600 uL of 8.0 x 104 cells / mL.
stock
5 40,000 4,000 600 uL of 4.0 x 104 cells / mL.
stock
-
6 20,000 2,000 600 uL of 2.0 x 104 cells / mL
stock
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Table 10: Experiment design of the 96 well-plate.

96
Well- 1 2 3 4 5 6 7 8 9 10 11 12
Plate
A Water Water Water Water Water Water Water Water Water Water Water Water
. (}31311']1{ C&ntﬁol Cells + | UMF+15 | UMF+15 | UMF+15 | UMF+15 | THYME | THYME | THYME | THYME |
O‘Eﬂ;;m 0515 Oxaliplatin | 0.5% 1.25% 2.5% 5.0% 0.5% | 125% | 25% 5.0%
. (T'#Bflesilk (E%ntﬁol Cells+ | UMF+15 | UMF+15 | UMF+15 | UMF+15 | THYME | THYME | THYME | THYME |
éﬂy‘;ﬂl 0;5 Oxaliplatin | 0.5% 1.25% 2.5% 5.0% 05% | 125% | 25% 5.0%
o @iﬂr’-—;}k figﬂtﬁ'ol Cells+ | UMF+15 | UMF#15 | UMF+15 | UMF+15 | THYME | THYME | THYME | THYME |
oiﬂ;;m 0;5 Oxaliplatin | 0.5% 1.25% 2.5% 5.0% 05% | 125% | 25% 5.0%
. (NBile;iﬂc L?(Jjntﬁol Cells + | UMF+15 | UMF+15 | UMF+15 | UMF+15 | THYME | THYME | THYME | THYME |
éﬂy‘;ﬂl 0;5 Oxaliplatin | 0.5% 1.25% 2.5% 5.0% 05% | 125% | 25% 5.0%
. @iﬂr’-—;}k figﬂtﬁ'ol Cells+ | UMF+15 | UMF#15 | UMF+15 | UMF+15 | THYME | THYME | THYME | THYME |
Ojﬂ;;m 0;5 Oxaliplatin | 0.5% 1.25% 2.5% 5.0% 05% | 125% | 25% 5.0%
- (NBile;iﬂc L?(Jjntﬁol Cells + | UMF+15 | UMF+15 | UMF+15 | UMF+15 | THYME | THYME | THYME | THYME |
éﬂy‘;ﬂ‘ 0;5 Oxaliplatin | 0.5% 1.25% 2.5% 5.0% 05% | 125% | 25% 5.0%
H Water Water Water Water Water Water Water Water Water Water Water Water
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Trypsinisation

Carefully discard the old culture medium into a beaker. Add-in 5 mL of pre-warmed
sterile PBS for cell washing and discard it once it is finished. Approximately 1-2 mL of
TrypLE™ Express solution was added for cell detachment and placed within the cell
incubator for no more than 2 minutes. Addition of 5-10 mL of completed medium to
stop trypsinisation and is transferred to a 15 mL centrifuge tube for centrifugation (1200
rpm at room temperature for 7 minutes). Carefully remove the supernatant and gently

re-suspend the cells by adding 1 mL of new completed medium thoroughly.

Cell Counting

10 pL of Trypan Blue and 10 pL of cell suspension were mixed thoroughly on a piece
of parafilm. 10 pL of this mixture was placed onto a haemocytometer, followed by cell
counting under the microscope (at least four squares). The total number of cells in 1 mL
of culture medium can then be calculated by using the formula below:

Average no. of cells (per square) x 2 (Dilution Factor) x 10 # = No. of cells/mL

Trypan Blue has been utilised for quite a long time to survey cell viability. It is
negatively charged, and it only binds to the cell when the cell membrane is

compromised.

Cell Seeding

Depending on the cell concentration, aseptically mix properly by adding sufficient
amount of completed medium and cultured solution into the cell reservoir. By using a
multi-channel pipette, carefully seed 4,000 cells/well (relatively to 40,000 cells/mL)
into the 96 well-plates horizontally. The optimized seeding cell density was 4,000 cells
per well for WiDr and LoVo. Each well contained 100 pL of cancer cells. At the time
of all assays, cell confluence is at 60-80%.

Removal of the supernatant and re-suspension

Before the quantification step, removal of the supernatant is critical as we do not know
the reaction between the drug and the MTT reagent. Therefore, carefully remove the
supernatant and resuspend the cells by adding 100 puL of completed medium into each

well.
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Quantification

Add an aliquot of 10 pL of MTT reagent into each well, followed by another 4 hours
incubation at 37°C within the cell incubator. Purple precipitate should clearly visible
under microscope, carefully remove 85 pL of the supernatant and followed by adding
150 pL of DMSO into each well to dissolve all precipitate. The 96 well-plate is then
transferred to the orbital shaker for 10 minutes, incubate for 2-5 minutes and a further 5
minutes on the orbital shaker before the absorbance measurement. The UV absorbance
value is measured by a plate reader (Multiskan Go, Thermo Scientific) at the

wavelength, A = 540 nm with reference wavelength, A = 680 nm.

Drug/ honey treatment

After at least 5 hours (to a maximum of 24 hours) of incubation from the seeding step,
an aliquot of a 100 pL of culture medium containing UMF+15 or Thyme honey from
0.5% to 5% concentrations were added into each well. Followed by another 24, 48 and
72 hours of incubation depending on the study procedure. Three 96-well plates were
used as one set of experiments per cell line, followed by Day 1, Day 2 and Day 3,
respectively. Each individual cell line has to be repeated at least twice to achieve the
statistical requirements. Therefore, there were a total of four sets of experiments (two
from WiDr and two from LoVo cell lines). MTT assays were performed at designated
times, followed by 4 hours of incubation, removal of the supernatant, additional of the
DMSO and plate reading at 540 nm.

Statistical Analysis

The data points from the MTT assays were examined by the statistics software
“GraphPad Prism 6”. One-way ANOVA non-parametric Bonferroni multiple
comparisons test was carried out to examine the quantitative anti-proliferative data for
anti-proliferative effects, in terms of their percentage of cell viability for each cancer
cell line, by comparison to the control group (Cells only). The anti-proliferation effects
were statistically demonstrated if the p-values were less than 0.05. The control groups
between different hours were also compared by One-way ANOVA non-parametric

Dunnett multiple comparisons test to determine their significance.
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Apoptosis assay measured by flow

cytometry
Preparation

The cellular apoptosis experiment results were determined by using the Annexin V-
FITC Apoptosis Detection Kit and the testing procedure was carried out by following
the manufacturer’s protocol. Both colorectal cancer cells lines (WiDr and LoVo) were
cultured at a 1 x 10* cells/mL density and seeded in a 22.5 cm? tissue culture dish. The
cells were then treated with completed medium (RPMI 1640), each containing different
concentrations of UMF+15 or Thyme honey for 24, 48 and 72 hours. The entire
apoptosis assay was repeated twice, therefore, 2 sets of the data were obtained for

analysis.

Propidium lodide

Propidium iodide is an impermeant dye which is excited by 488nm laser light. Cells are
considered dead when the cells take up the dye. It works by binding to DNA,
intercalating between bases with no specificity, approximately one dye molecule every
4-5bp.

Detection by flow cytometry

The supernatant was carefully removed after the incubation period, and the cells
harvested after trypsinisation. 5-10 mL of growth medium was added to stop the
trypsinisation after the cells were detached. The solution is then be transferred into a 15
mL centrifuge tube, followed by centrifugation at 1200 rpm, for 7 minutes. The
supernatant was carefully removed and cells resuspended in 5 mL of cold PBS. After
centrifugation again for 7 minutes at 1200 rpm, the supernatant was discarded and the
cells resuspended in a 100 pL of 1x annexin binding buffer. An aliquot of 5 pL of Alexa
Fluor® 488 annexin V (Component A) and 1 pL of 100 pg/mL PI working solution was
then added into each of the 100 puL of cell suspension. After incubation at room
temperature for 25 minutes, 400 puL of 1x annexin binding buffer was added into
individual sample. After mixing gently, the sample was kept on ice shortly before
analysis by flow cytometry. The annexin V-FITC was detected with the fluorescence
488 nm excitation/ 530 nm emission, and Pl with 488nm excitation/ 575 nm emission.

Analysis is done by the Beckman Coulter MOFLO XDP flow cytometry machine.
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Chapter 3: Results of anti-

proliferative effect of honey
Cell Viability MTT assay

Initial experiments were performed to study the physiochemical characteristics of
Vitabeez honey. Different dilutions of Vitabeez were prepared directly in tissue culture
medium in which the colorectal cancer cells are routinely cultured and tested. The
potential effect of Vitabeez on cancer cell proliferation was illustrated in the in vitro cell
viability assay. According to our data, the results shown a significant decrease in cell
number with increased concentration of honey applied throughout 24, 48 and 72 hours.
Therefore, the data show a time- and concentration- dependent effect towards the
colorectal cancer cells. In this MTT cell viability assay, the higher absorbance value
indicates higher numbers of living cells, as a large amount of MTT can be reduced to
purple formazan by mitochondrial dehydrogenase of living cells. Inhibitory effects were
found in both cancer cell lines in dose and time dependent manners. The cell viability
was largely decreased with significantly increased doses and prolonged treatment. The
assay was repeated twice; there was a concentration dependent anti-tumour effect in
colon cancer cell lines. Both LoVo and WiDr cells showed a significant retardation with
the increase in honey concentration from 0.5 to 5% (P < 0.05). We observed that the
anti-neoplastic activity of honey is concentration and cell type dependent. In both cell
lines, cells without Vitabeez honey treatment showed an exponential curve, which is
considered as the normal cell growth phenomenon. However, when the cells treated
with 2.5% and 5% honey for 24, 48 and 72 hours, the cells rounded up and showed
reduction in number. In contrast, cells treated with 0.5% and 1.25% Vitabeez honey
showed an opposite effect after 24, 48 and 72 hours. Proliferation was observed after 24
and 48 hours. All of these cytotoxicity experiments were undertaken using

corresponding cell density of 60-80% at the time of the assay.
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Figure 5: The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
tetrazolium reduction assay linearity for LoVo (Graph A) and WiDr (Graph B)
cell lines.

Both cell lines were plated at 6 different concentrations (2000, 4000, 8000, 16000,
32000 and 64000 cells per well) and incubated for 24 hr. At the end of the incubation
period, MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide)
tetrazolium reduction assay was performed and the absorbance values at 540nm were
obtained. R? values are an indication of linearity. The closer the value is to 1, the better
the data linearity. R? = 0.9933 (Graph A) and R? = 0.9812 (Graph B). Both R? were

relatively linear within the cell density ranges.
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Figure 6: Control comparison of absorbance at 540nm vs Times in days (24 hr,
Day 1; 48 hr, Day 2; 72 hr, Day 3).

LoVo cells were plated at 4x103 cells per well in the absence of honey treatment (Graph
A). WiDr cells were plated at 4x10% cells per well in the absence of honey treatment
(Graph B). At the end of the incubation period, cell viability was determined using
MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide) tetrazolium
reduction assay. Results are expressed as absorbance values in controls vs 24 hr, 48 hr
and 72 hr. One way ANOVA statistically differences in viability of experimental groups
in control comparison among 24 hr, 48 hr and 72 hr (*, p < 0.05). An increase of

proliferative effect was found in both colorectal cancer cell lines.
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Figure 7: The trends of cell proliferation among 24 hr, 48 hr and 72 hr incubations.
LoVo cells with UMF+15 honey treatment (Graph A); LoVo cells with Thyme honey
treatment (Graph B); WiDr cells with UMF+15 honey treatment (Graph C); WiDr cells
with Thyme honey treatment (Graph D). All concentration cell viability curves fit well
with sigmoid model of negative exponential distribution, showing slightly decreased
cell viability in the low concentration range followed by relatively steep drop of cell

viability.
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Figure 8: Inhibition of LoVo cancer cells proliferation by UMF+15 Manuka honey.

Graphs A-C detail results of cells plated at 4x10° cells per well and incubated for 24 hr
(graph A), 48 hr (graph B) and 72 hr (graph C) in the presence or absence of the
indicated concentrations of UMF+15 Manuka honey (range 0.5% to 5%), or control,
respectively. At the end of the incubation period, cell viability was determined using
MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide) tetrazolium
reduction assay. Results are expressed as percentage viability in treated cultures
compared to control. One way ANOVA statistically differences in viability of
experimental groups compared to control (*, p < 0.05). Graph D was plated at 8
different concentrations of UMF+15 Manuka honey (0.078125%, 0.15625%, 0.3125%,
0.625%, 1.25%, 2.5%, 5% and 10%) and incubated for 72 hr. At the end of the
incubation period, cell viability was determined using MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction assay. Results are expressed
as percentage viability (%) vs Log UMF concentration (%). The 1C50=2.583% was
calculated by the statistic software “GraphPad Prism 6”.
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Figure 9: Inhibition of LoVo cancer cells proliferation by Thyme honey.

Graphs A-C detail cells plated at 4x10° cells per well and incubated for 24 hr (graph A),
48 hr (graph B) and 72 hr (graph C) in the presence or absence of the indicated
concentrations of Thyme honey (range 0.5% to 5%), or control, respectively. At the end
of the incubation period, cell viability was determined using MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction assay.
Results are expressed as percentage viability in treated cultures compared to control.
One way ANOVA statistically differences in viability of experimental groups compared
to control (*, p < 0.05). Graph D was plated at 8 different concentrations of Thyme
honey (0.078125%, 0.15625%, 0.3125%, 0.625%, 1.25%, 2.5%, 5% and 10%) and
incubated for 72 hr. At the end of the incubation period, cell viability was determined
using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium
reduction assay. Results are expressed as percentage viability (%) vs Log Thyme

concentration (%). The 1C5=2.306% was calculated by the statistic software “GraphPad

Prism 6”.
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Figure 10: Inhibition of WiDr cancer cells proliferation by UMF+15 Manuka
honey.

Graphs A-C detail cells plated at 4x10° cells per well and incubated for 24 hr (graph A),
48 hr (graph B) and 72 hr (graph C) in the presence or absence of the indicated
concentrations of UMF+15 Manuka honey (range 0.5% to 5%), or control, respectively.
At the end of the incubation period, cell viability was determined using MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction assay.
Results are expressed as percentage viability in treated cultures compared to control.
One way ANOVA statistically differences in viability of experimental groups compared
to control (*, p < 0.05). Graph D was plated at 8 different concentrations of UMF+15
Manuka honey (0.078125%, 0.15625%, 0.3125%, 0.625%, 1.25%, 2.5%, 5% and 10%)
and incubated for 72 hr. At the end of the incubation period, cell viability was
determined using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
tetrazolium reduction assay. Results are expressed as percentage viability (%) vs Log

UMF concentration (%). The 1Cs0=3.292% was calculated by the statistic software
“GraphPad Prism 6”.
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Figure 11: Inhibition of WiDr cancer cells proliferation by Thyme honey.

Graphs A-C detail cells plated at 4x10° cells per well and incubated for 24 hr (graph A),
48 hr (graph B) and 72 hr (graph C) in the presence or absence of the indicated
concentrations of Thyme honey (range 0.5% to 5%), or control, respectively. At the end
of the incubation period, cell viability was determined using MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction assay.
Results are expressed as percentage viability in treated cultures compared to control.
One way ANOVA statistically differences in viability of experimental groups compared
to control (*, p < 0.05). Graph D was plated at 8 different concentrations of Thyme
honey (0.078125%, 0.15625%, 0.3125%, 0.625%, 1.25%, 2.5%, 5% and 10%) and
incubated for 72 hr. At the end of the incubation period, cell viability was determined
using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium
reduction assay. Results are expressed as percentage viability (%) vs Log Thyme
concentration (%). The 1C5=2.801% was calculated by the statistic software “GraphPad

Prism 6”.
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Chapter 4: Results of apoptotic effect
Induced by honey

In honey-treated cell lines, at time points of 24, 48 and 72 hours, different
morphological variation were observed under microscope at high honey concentration.
For example, chromatin condensation, fragmented nuclei and nuclear shrinkage were
observed. These morphological alterations are characteristic of an apoptotic cell. Cells
with blebbed membranes could also be identified. These are the morphological changes
typically seen in apoptosis (Pichichero, Cicconi, Mattei, & Canini, 2011). These
changes suggested that the Vitabeez honeys have the capacity to induce apoptotic cell
death in both WiDr and LoVo cell lines.

Flow Cytometric Analysis

Colorectal cancer cells were cultured in cell culture dishes at a concentration of 1 x 10*
cells/well with different concentrations of Vitabeez (0.5% to 2.5%) and oxaliplatin (20
uM). After 24, 48 and 72 hours incubation, cells were collected, washed and stained
with Annexin V-FITC apoptosis detection kit following manufacturer protocol, and
analysed on a Beckman Coulter MOFLO XDP flow cytometry machine.

The dual parameter fluorescent dot plots (Figure 12) shows the viable cell population in
quadrant 3, which is negative to the annexin-FITC and negative to the PI. The cells at
the early apoptosis are shown in quadrant 4, which is positive to the annexin-FITC and
negative to the Pl. Quadrant 2 represents the late apoptosis which is positive to the
annexin-FITC and positive to the Pl where population at quadrant 1 is considered as
non-sense or cells debris. Untreated control cells were mostly alive whereas when the
applications of honey treatment were applied, the percentage of the early apoptotic cells
were increased in correlation to honey concentration. The box plot percentages of the

cell population disclosed that the effects of honey were time and dose dependent.
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Q1: quadrant 1 (Non-sense, or cells
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Figure 13 to Figure 16.
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Table 11: The parameters from the apoptosis assay in LoVo cells Set 1 experiment.

Apoptotic Cell (%)

Necrotic Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 111 2.10 0.00 Control 0.95 201 0.00
Oxa 10.43 15.35 21.02 Oxa 2.56 12.20 9.09
UMF 0.5% 1.94 0.89 0.06 UMF 0.5% 3.46 1.34 011
UMF 1.25% 6.21 121 2.79 UMF 1.25% 2.89 0.98 1.32
UMF 2.5% 6.75 8.33 30.02 UMF 2.5% 6.63 10.04 1.69
Thyme 0.5% 4.79 3.94 1.90 Thyme 0.5% 3.23 0.37 1.83
Thyme 1.25% 2.15 1.40 2.28 Thyme 1.25% 3.94 0.12 1.35
Thyme 2.5% 491 27.90 30.04 Thyme 2.5% 10.38 1.85 2.39

Viable Cell (%0) Dead Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 95.89 93.00 98.85 Control 2.06 2.89 1.15
Oxa 82.48 72.05 65.63 Oxa 4.53 0.39 4.26
UMF 0.5% 93.50 97.10 98.57 UMF 0.5% 1.10 0.67 1.26
UMF 1.25% 90.46 97.12 95.50 UMF 1.25% 0.43 0.68 0.39
UMF 2.5% 82.89 79.91 68.29 UMF 2.5% 3.73 171 0.00
Thyme 0.5% 90.84 95.38 95.62 Thyme 0.5% 1.14 0.31 0.65
Thyme 1.25% 92.27 97.38 95.69 Thyme 1.25% 1.63 1.10 0.68
Thyme 2.5% 75.09 70.25 67.38 Thyme 2.5% 9.62 0.00 0.18

Table 12: The parameters from the apoptosis assay in LoVo cells Set 2 experiment.

Apoptotic Cell (%)

Necrotic Cell (%6)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 2.38 0.83 0.84 Control 0.96 1.76 0.89
Oxa 8.16 16.37 18.57 Oxa 4.85 14.60 12.86
UMF 0.5% 2.93 0.83 2.80 UMF 0.5% 3.74 1.76 0.35
UMF 1.25% 6.38 0.63 3.80 UMF 1.25% 3.85 0.63 0.90
UMF 2.5% 7.18 10.53 25.67 UMF 2.5% 7.66 2.63 3.98
Thyme 0.5% 4.97 1.52 2.09 Thyme 0.5% 0.99 1.45 0.97
Thyme 1.25% 5.67 247 2.93 Thyme 1.25% 1.67 1.93 1.37
Thyme 2.5% 14.79 28.25 28.53 Thyme 2.5% 8.03 141 2.26

Viable Cell (%0) Dead Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 96.32 93.42 97.70 Control 0.34 3.99 0.56
Oxa 84.40 69.03 64.29 Oxa 2.60 0.00 4.29
UMF 0.5% 91.54 93.42 96.83 UMF 0.5% 1.79 3.99 0.03
UMF 1.25% 89.46 98.42 95.10 UMF 1.25% 031 0.32 0.20
UMF 2.5% 81.75 83.04 70.11 UMF 2.5% 341 3.80 0.23
Thyme 0.5% 93.74 96.19 96.14 Thyme 0.5% 0.29 0.84 0.81
Thyme 1.25% 92.27 94.59 94.82 Thyme 1.25% 0.39 1.00 0.87
Thyme 2.5% 76.62 70.06 68.85 Thyme 2.5% 0.56 0.28 0.36
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Table 13: The parameters from the apoptosis assay in LoVo cells (average of both

sets).
Apoptotic Cell (%) Necrotic Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 1.75+0.90 1.47+0.90 0.42:059 | control 0.96+0.01 1.89+0.18 0.45+0.63
Oxa 9.30+1.61 15.86+0.72 19.80£1.73 | oxa 3.71+1.62 13.40£1.70 10.98+2.67
UME 0.5% 2.44+0.70 0.86+0.04 1.43+1.94 UMF 0.5% 3.60+0.20 1.55+0.30 0.23+0.17
UMF 1.25% 6.30£0.12 0.92+0.41 3.30x0.71 UME 1.25% 3.37+0.68 0.81+0.25 1.11+0.30
UME 2.5% 6.97+0.30 9.43+1.56 27.85+£3.08 UMF 2.5% 7.15+0.73 6.34+5.24 2.84+1.62
Thyme 0.5% 4.88+0.13 2.73+1.71 2.00+0.13 Thyme 0.5% 2.11+1.58 0.91+0.76 1.40£0.61
Thyme 1.25% 3.91+2.49 1.94+0.76 2.61+0.46 Thyme 1.25% 2.81+1.61 1.03+1.28 1.36+0.01
Thyme 2.5% 9.85+6.99 28.08+0.25 29.29+1.07 Thyme 2.5% 9.21+1.66 1.63+0.31 2.33+0.09

Viable Cell (%) Dead Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 96.11+0.30 93.21+0.30 98.28+0.81 | control 1.20£1.22 3.44+0.78 0.86+0.42
Oxa 83.44+1.36 70.54+£2.14 64.96+0.95 Oxa 3.57£1.36 0.20+0.28 4.28+0.02
UMEF 0.5% 92.52+1.39 95.26+2.60 97.70£1.23 | UMF 05% 1.45+0.49 2.33+2.35 0.65+0.87
UMEF 1.25% 89.96+0.71 97.77+0.92 95.30£0.28 | UMF 1.25% 0.37+0.08 0.50+0.25 0.30£0.13
UME 2.5% 82.32+0.81 81.48+2.21 69.20£1.29 | UMF 2.5% 3.57+0.23 2.76+1.48 0.12+0.16
Thyme 0.5% 92.29+2.05 95.79+0.57 95.88+0.37 Thyme 0.5% 0.72+0.60 0.58+0.37 0.73+0.11
Thyme 1.25% 92.27+0.00 95.99+1.97 95.26+0.62 Thyme 1.25% 1.01+0.88 1.05£0.07 0.78+0.13

75.86+1.08 70.16+0.13 68.12+1.04 5.09+6.41 0.14+0.20 0.27+0.13

Thyme 2.5%

Thyme 2.5%

Dose-dependent and time-dependent apoptosis was induced by UMF+15 and Thyme

honeys (Table 13). An increase of the apoptotic percentage (Annexin V-positive) in

LoVo cells were found after treatments with the NZ honeys.
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LoVo (Set 1) Control Oxa UMF 0.5 UMF 1.25 UMF 2.5 THYME 0.5 THYME 1.25 THYME 2.5
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Figure 13: Vitabeez honey induces apoptosis in a dose-dependent manner (Set 1).

LoVo cells were treated for 24 hours (1 row), 48 hours (2" row) and 72 hours (3™ row) with varying concentrations of Vitabeez (0.5% to 2.5%)
honey, Oxa (Oxaliplatin 20 uM as positive control). At the end of the incubation period, cells were harvested and stained with Annexin V and PI, and

analysed by flow cytometry. Data obtained from Table 11.
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Figure 14: Vitabeez honey induces apoptosis in a dose dependent manner (Set 2).

LoVo cells were treated for 24 hours (1% row), 48 hours (2" row) and 72 hours (3" row) with varying concentrations of Vitabeez (0.5% to 2.5%)

honey, Oxa (Oxaliplatin 20 uM as positive control). At the end of the incubation period, cells were harvested and stained with Annexin V and PI, and

analysed by flow cytometry. Data obtained from Table 12.
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Table 14: The parameters from the apoptosis assay in WiDr cells Set 1 experiment.

Apoptotic Cell (%)

Necrotic Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 0.14 0.27 0.23 Control 0.07 0.27 0.00
Oxa 7.13 4.89 2131 Oxa 2.28 12.21 53.01
UMF 0.5% 1.02 0.31 191 UMF 0.5% 1.93 2.00 0.09
UMF 1.25% 1.43 1.69 0.14 UMF 1.25% 2.75 1.10 0.00
UMF 2.5% 6.27 9.71 27.48 UMF 2.5% 1.44 3.55 36.04
Thyme 0.5% 0.70 1.45 1.87 Thyme 0.5% 0.75 0.87 0.26
Thyme 1.25% 173 0.23 0.42 Thyme 1.25% 0.21 0.08 0.80
Thyme 2.5% 8.06 12.10 47.33 Thyme 2.5% 4.00 5.17 18.42

Viable Cell (%0) Dead Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 99.21 98.41 99.17 Control 0.57 1.06 0.61
Oxa 88.32 77.16 25.68 Oxa 2.28 5.75 0.00
UMF 0.5% 95.29 96.38 97.68 UMF 0.5% 1.76 131 0.32
UMF 1.25% 95.31 97.07 99.10 UMF 1.25% 0.51 0.14 0.76
UMF 2.5% 91.70 86.30 36.49 UMF 2.5% 0.59 0.44 0.00
Thyme 0.5% 97.47 97.46 97.61 Thyme 0.5% 1.08 0.22 0.26
Thyme 1.25% 95.29 98.84 98.20 Thyme 1.25% 2.77 0.85 0.58
Thyme 2.5% 87.35 81.92 34.07 Thyme 2.5% 0.59 0.80 0.18

Table 15: The parameters from the apoptosis assay in WiDr cells Set 2 experiment.

Apoptotic Cell (%)

Necrotic Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 0.00 0.05 0.49 Control 0.00 0.09 0.21
Oxa 4.19 2.26 19.11 Oxa 7.29 8.13 50.00
UMF 0.5% 0.78 0.14 4.13 UMF 0.5% 2.78 0.00 0.08
UMF 1.25% 1.38 0.09 0.75 UMF 1.25% 2.86 0.09 0.40
UMF 2.5% 5.27 10.65 30.89 UMF 2.5% 1.34 4.29 29.59
Thyme 0.5% 0.00 0.10 0.00 Thyme 0.5% 0.00 0.00 0.00
Thyme 1.25% 0.85 0.17 1.10 Thyme 1.25% 0.28 0.25 0.28
Thyme 2.5% 6.15 11.52 40.74 Thyme 2.5% 3.66 7.18 15.79

Viable Cell (%) Dead Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 99.47 98.97 98.25 Control 0.53 0.89 1.05
Oxa 83.57 79.46 27.49 Oxa 4.96 10.16 3.40
UMF 0.5% 94.89 96.60 95.46 UMF 0.5% 1.55 3.26 0.33
UMF 1.25% 94.99 98.60 98.09 UMF 1.25% 0.77 1.22 0.75
UMF 2.5% 92.73 84.61 39.52 UMF 2.5% 0.67 0.45 0.00
Thyme 0.5% 98.88 98.92 99.12 Thyme 0.5% 1.12 0.98 0.88
Thyme 1.25% 96.72 97.90 97.07 Thyme 1.25% 2.15 1.68 1.55
Thyme 2.5% 89.21 81.08 39.38 Thyme 2.5% 0.98 0.21 4.09
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Table 16: The parameters from the apoptosis assay in WiDr cells (average of both
sets).

Apoptotic Cell (%) Necrotic Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 0.07+0.10 0.16+0.16 0.36+0.18 | Control 0.04+0.05 0.18+0.13 0.11+0.15
Oxa 5.66+2.08 3.58+1.86 20.21+1.56 | Oxa 4.79+3.54 10.17+2.88 51.51+2.13
UMF 0.5% 0.90+0.17 0.23+0.12 3.02+1.57 UMF 0.5% 2.36+0.60 1.00+1.41 0.09+0.01
UMF 1.25% 1.41+0.04 0.89+1.13 0.45+0.43 | UMF 1.25% 2.81+0.08 0.60+0.71 0.20+0.28
UMF 2.5% 5.77+0.71 10.18+0.66 29.19+2.41 | UMF 2.5% 1.39+0.07 3.92+0.52 32.82+4.56
Thyme 0.5% 0.35+0.49 0.78+0.95 0.94+1.32 | Thyme 0.5% 0.38+0.53 0.44+0.62 0.13+0.18
Thyme 1.25% 1.29+0.62 0.20+0.04 0.76+0.48 | Thyme 1.25% 0.25+0.05 0.17+0.12 0.54+0.37
Thyme 2.5% 7.11+£1.35 11.81+0.41 44.04+4.66 | Thyme 2.5% 3.83+0.24 6.18+1.42 17.11+1.86

Viable Cell (%0) Dead Cell (%)

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3
Control 99.34+0.18 98.69+0.40  98.71+0.65 | Control 0.55+0.03 0.98+0.12 0.83+0.31
Oxa 85.95+3.36 78.31+1.63  26.59+1.28 | Oxa 3.62+1.90 7.96+3.12 1.70+2.40
UMF 0.5% 95.09+0.28 96.49+0.16  96.57x1.57 | UMF 0.5% 1.66+0.15 2.29+1.38 0.33+0.01
UMF 1.25% 95.15+0.23 97.84+1.08 98.60£0.71 | UMF 1.25% 0.64+0.18 0.68+0.76 0.76+0.01
UMF 2.5% 92.22+0.73 85.46+1.20  38.01+2.14 | UMF 2.5% 0.63+0.06 0.45+0.01 0.00+0.00
Thyme 0.5% 98.18+1.00 98.19+1.03  98.37x1.07 | Thyme 0.5% 1.10+0.03 0.60£0.54 0.57+0.44
Thyme 1.25% 96.01+1.01 98.37£0.66  97.64%0.80 | Thyme 1.25% 2.46+0.44 1.27+0.59 1.07+0.69
Thyme 2.5% 88.28+1.32 81.50£0.59  36.73+3.75 | Thyme 2.5% 0.79£0.28 0.51+0.42 2.14+£2.76

Dose-dependent and time-dependent apoptosis was induced by both UMF+15 and
Thyme honeys (Table 16). An increase of the apoptotic percentage (Annexin V-positive)

in WiDr cells were found after the NZ honeys treatment.
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Figure 15: Vitabeez honey induces apoptosis in a dose dependent manner (Set 1).

WiDr cells were treated for 24 hours (1% row), 48 hours (2" row) and 72 hours (3™ row) with various concentrations of Vitabeez (0.5% to 2.5%) honey,
or Oxa (Oxaliplatin 20 pM as positive control). At the end of the incubation period, cells were harvested and stained with Annexin V and PI, and

analysed by flow cytometry. Data obtained from Table 14.
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Figure 16: Vitabeez honey induces apoptosis in a dose dependent manner (Set 2).

WiDr cells were treated for 24 hours (1% row), 48 hours (2" row) and 72 hours (3™ row) with various concentrations of Vitabeez (0.5% to 2.5%) honey
or Oxa (Oxaliplatin 20 pM as positive control). At the end of the incubation period, cells were harvested and stained with Annexin V and PI, and
analysed by flow cytometry. Data obtained from Table 15.

Page 88 of 247



Chapter 5: Discussion
Reasons for this research study

This study was performed in order to present an initial in vitro model to provide novel
information in terms of how New Zealand UMF+15 (Manuka) and Thyme honeys’ anti-
proliferative and pro-apoptotic activities affect WiDr and LoVo human colon cancer

cell lines.

Significance of this study

In this study, the cytotoxic and pro-apoptotic effects of honey in both WiDr and LoVo
cell lines were investigated. Our data confirmed that both UMF+15 Manuka honey and
Thyme honey have cytotoxic activity against carcinomic human colon cells, indicating
that these New Zealand honeys possesses anti-tumour and anti-carcinogenic activities.
Although similar honey-induced anti-tumour effects which have already observed by
the other researchers, the anti-tumour specificity of UMF+15 Manuka honey and
Thyme honey remain unknown towards LoVo and WiDr colorectal cancer cells.
Therefore, the significance of this study would provide the potency of anti-tumour
activity towards this specific types of honey. In addition, the results indicate that both
UMF+15 Manuka honey and Thyme honey possess not just an anti-proliferative effect,
but also an apoptotic effect, as shown by the apoptosis assays. Therefore, the
investigation of the cell cytotoxicity and cell apoptotic activity of a wide range of honey
concentrations against human colon cancer cells (WiDr and LoVo) are significant

findings in our study.

The advantages and disadvantages of the MTT assay

MTT assays are easy, cheap and relatively fast to perform and the results are reliable.
The MTT assay has been used widely especially for drug screening, and could be used
as a preliminary method for alternative screening purposes (Riss, 2014). It is essential
to ensure that the activity is measured at the most dynamic part of the cells’
proliferation stage. A growth optimisation curve is necessary for the study’s cells
before carrying out any drug screening. Unfortunately, the test is not delicate enough to
pick up minor changes in proliferation, since it is an absorbance based assay. The assay
works by measuring metabolic activity, not necessarily viability, because some cells can

be perfectly viable but not necessarily possess measureable metabolic activity (Riss,
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2014). 1t is therefore imperative to validate MTT outcomes by an additional assay that
can directly measures cell apoptosis and/ or necrosis. The assay itself should not be used
as primary evidence for cell cytotoxicity or the confirmation of the anti-proliferative
activity, because it gauges mitochondrial metabolic activity across a set number of cells
in an indirect measurement. Some compounds such as epigallocatechin gallate facilitate
mitochondrial function and biogenesis, and cause artificially high absorbance readings
due to the increased amount of mitochondrial metabolic activity (Riss, 2014). This
situation could nullify possible decreases in cell count, or be the reason that a compound

is mistaken as pro-proliferative.

Honey and its anti-proliferative activity

In terms of the anti-proliferative effect of honey, the linearity of MTT cell viability
assays of both cell lines tested was presented in Figure 5. Both R? values are relatively
close to 1 indicating that the experimental data were valid and the skill of handling
different cell types by the operator is acceptable. Figure 6 represents whether the trend
of the cell proliferation is linear among 24 hr, 48 hr and 72 hr populations. The
statistical analyses of the P values from both cell lines were less than 0.05, indicated the
data obtained from the experiments were statistically significant. Figure 7 illustrates the
relationship of honey concentration versus time. Increases in a proliferation effect were
found in graph A (Day 1 0.5%, P>0.05), graph B (Day 1 0.5%, P<0.05 and 1.25%,
P>0.05), graph C (Day 1 0.5%, P<0.05 and 1.25%, P<0.05) and graph D (Day 1 & 2
0.5%, P<0.05 and 1.25%, P<0.05), as the percentage of honey (UMF+15 Manuka
honey and Thyme) concentrations and times (24 hr, 48 hr and 72 hr) were increased, the
percentage of cell viability in both LoVo and WiDr cell lines were decreased. This
phenomenon of a proliferation inhibition activity of the types of honey used was time-
dependent and dose-dependent against both colorectal cancer cell lines used throughout
the study. Thyme honey appeared to be more potent than UMF+15 Manuka honey, as
the Thyme honey inhibitory concentration at 50% were lower in both cell lines (Figure
9D; 2.306, and 11D: 2.801) when compared to UMF+15 Manuka honey (Figure 8D;
2.583, and Figure 10D; 3.292).

In Figure 8 (graphs A-C), a significant decrease of cell viability was observed when
honey concentrations reached 2.5% and 5%. The inhibitory effect on cell viability
appeared to be dependent on both UMF+15 Manuka and Thyme honey concentration

and total incubation time. In contrast, a proliferative effect was observed in low honey
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concentration (0.5%) treatments in both cell types (Figure 8A, 9A, 10A, and 11A) at 24
hours. Some studies suggested that only when honey concentrations are above 1 or
1.5% that it would stimulate the release of cytokines (e.g., TNF-a, IL-1B, IL-6, etc.),
causing an anti-proliferative effect. In our results, honey concentration at 0.5% did have
a proliferative effect (Figure 8-11), but most of them were not statistically significant
(Tonks AJ, 2003) (C M. P., Honey as a topical antibacterial agent for treatment of
infected wounds, 2001). The results would suggest that the regulatory effects of honey
are related to components other than the sugar present, although the identity of the
actual component(s) that mediate these effects are as yet unknown. The effects are
possibly due to the phenolic compounds such as caffeic acid. Caffeic acid is a naturally
occurring phenolic compound present in the honey and plays an anti-oxidant role
(Ghashm, Othman, Khattak, Ismail, & Saini, 2010). An anti-proliferative effect was
found in the research conducted by Hirose et al. (Rao, et al., 1993) and carcinogenicity
studies complied with these phenolic compounds. Rao, et al. (1993) performed a
detailed study by synthesising three caffeic acid esters, namely methyl caffeate,
phenylethyl caffeate, and phenylethyl dimethylcaffeate, and examined them against the
3,2’ —dimethy;-4-aminobiphenyl (DMAB, a colon and mammary carcinogen)-induced
mutagenicity in Salmonella typhimurium. Concentration of the esters significantly
inhibited the DMAB-induced mutagenicity in both strains (Abubakar, Abdullah,
Sulaiman, & Suen, 2012).

Although there are numerous studies or reports suggesting that the components of
honey have an anti-tumour effect, the obtained results from our study were not exactly
in line with or similar to the other research studies. For example, while there is a
decrease in cell proliferation associated with high honey concentrations, honey
concentrations lower than 1.5% always have increased cell proliferation at 24 hours.
Some reports suggested that the anti-tumour effect is observed only when honey is
above 1 or 1.5% (Jaganathan, Mandal, Jana, Das, & Mandal, 2010). In addition, honey
possessing higher phenolic and tryptophan content was more potent in inhibiting colon
cancer cell proliferation. This could possibly be due to different types of cell lines used
and different types of honey with differing concentrations. = Moreover, the
concentrations of different polyphenols in honey and the interactions between them
have yet to be fully elucidated; therefore, more information is needed with regards to

the possible role of honey in cancer prevention and therapy.
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The apoptotic effect induced by honey

The capacity to cause tumour cell apoptosis is an essential property of any application
of an anti-cancer drug. Much effort has been coordinated toward the investigation of the
impact of honey on apoptosis and understanding the mechanisms of action (Hoff, 2012).
The apoptosis evoked by honey in our study was affirmed by the Annexin-V FITC
testing. Additionally, in the present study, the condition of apoptosis induced by honey
was always involved in cell death. Distinctive morphologic features were also
characterised for the stages of apoptosis, such as cell and nuclear shrinkage, oligo-
nucleosomal DNA fragmentation, membrane blabbing and chromatic condensation as
discussed by Erejuwa (2013).

The therapeutic activity is always a limitation for most of the anti-cancer drugs in
clinical usage because of their association with greater toxicity. Although novel
cytotoxic agents with unique and specific mechanisms of action are continuously in
development, many of these developments lack tumour specificity and selectivity (Farr,
2005). Therefore, many of these development are not therapeutically useful. New
targets for cancer therapy focus on interfering with specific targeted molecules needed
for carcinogenesis and tumour growth in order to overcome the problems of traditional
therapies. Natural or herbal products, without the side effects seen in modern
medication products, are often used as alternative therapies for many cancers or other
chronic diseases. Honey was used as a medicinal substance for a very long time in
history. It consists of a very complex carbohydrates mixture produced from a natural
environment. It is one of the best-known natural products with several biological
activities. A lot of bio-active components were found in honey that have been used as a

cancer preventive agents.

As shown by our flow cytometry results, when the concentration of honey was
increased, the percentage of early apoptotic cells was also increased (Figure 13 to 16).
For this reason, the mode of cell death appears to be the death pathway (Farr, 2005).
These apoptotic changes were also visible in the morphological studies which were
done using light and fluorescent microscopy where membrane blebs, chromatin and
nuclear condensation, DNA fragmentation and formation of apoptotic bodies were seen
(Blaser, Santos, Bode, Vetter, & Simon, 2007). A recent study was performed in order
to fully understand the molecular mechanism of action of honey by applying a honey

solution to colon cancer cells, and cell proliferation was inhibited. The authors had
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found that the apoptosis induced by honey was accompanied by the p53 tumour
suppression gene up-regulation and expressing of pro and anti-apoptotic proteins
modulation (Bharti, Donato, Singh, & Aggarwal, 2003). They also reported that un-
fractionated honey induced cell-growth arrest, resulting in cell cycle blockage at the
sub-G: phase (Bishayee, et al., 2013). Furthermore, it transduced the apoptotic signal
via initial depletion of intracellular non-protein thiols (GSH), consequently reducing the
MMP and increasing the ROS generation (Bishayee, et al., 2013). Such findings
indicate the potential pathways available for future studies to further elucidate the
actions of the New Zealand honeys utilised in this study. Additionally, the use of a non-
cancerous human colon cell line to act as a normal cell control for the effects of honeys
will also be beneficial to building the body of knowledge in this area of research.

Limitations

The choice of honey and growth medium
As of late, significant endeavours have been made to distinguish naturally occurring and

related manufactured reagents that could prevent the development and recurrence of
cancer (Abubakar, Abdullah, Sulaiman, & Suen, 2012). Our investigations present an
additional model to study honey as an anti-carcinogenic agent, by providing practical
approaches in which to identify potentially useful novel components that could inhibit
the development of colon cancer. In the past, several type of cancers were shown to be
inhibited by phenols, indoles, aromatic isothiocyanates inositol-6-phosphate and
dithiolethiones which were naturally occurring compounds. By illustrating the anti-
proliferative and pro-apoptotic properties of two New Zealand honeys against WiDr and
LoVo cell lines, there is a potential in future research to describe the components of
these honeys as a means of explaining their mechanisms of action.

The hyper-osmolarity of bee honey was addressed by performing dilutions so that the
concentrations used (max. 5%) in the experiment are relatively similar to the routinely
used antibiotic doses (Jaganathan, Mandal, Jana, Das, & Mandal, 2010). The same
guideline was applied in the choice of RPMI-1640 completed medium as the solvent
because of its capacity to buffer most of the acidity from the bee honey. Thus, the
acidity and hyper-osmolarity of bee honey alone cannot explain the drastic inhibitory
effect on tumours. There are two reasons for us to choose the pure unfractionated honey:
first, the collaboration between the different chemical constituents in honey has been
reported, and second, various volatile compounds were reported to be abundant in
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honey that might be lost during the fractionation process. Some of the observed
biological activities of honey may be traced to its chemical constituents. Therefore, this
might contribute to a limitation as pure unfractionated honey is difficult to get on hand

and the choice of choosing of the growth medium has been limited.

The coefficient of variation from DMSO
DMSO was used to solubilise the formazan crystals. We have found that DMSO

increased absorbance values, but also increased intra-experimental variation.
Furthermore, when DMSO is used, most of the medium must be removed from the
wells prior to the addition of DMSO. It would be difficult to avoid removing some cells
in the process, and this could contribute to the higher standard deviations observed.
Finally, since low seeding densities are used, there could be differential cell growth in

the wells during the assay period, thus increasing the coefficients of variation.

Future studies and related diseases

The results of our flow cytometry experiments show that both UMF+15 and Thyme
honey present an apoptotic effect towards both LoVo and WiDr colon cancer cells.
Further apoptosis assays which address different markers of apoptosis are recommended
for future studies, as well as cell cycle behaviour experiments. However it is notable
that the results of the apoptosis studies are positive results in indicating the anti-cancer

effects of the two honeys tested.

Our cell viability assay results also showed an anti-proliferative effect. Limitations of
the assay have not identified all possible explanations for the observed effect. The
cytotoxic effect could have been induced by honey through other additional signalling
pathways. This study did not show a specific component of the honeys tested as causing
the anti-proliferative or apoptotic effect. Therefore, extraction of components from the
honeys, along with isolation and characterisation of these agents by experimentation
and by mass spectroscopy or HPLC are required to further elucidate the mechanisms by
which they exert their actions. Such studies could be future areas of interest to identify

specific differences between honey components.

Erejuwa et al. (Erejuwa, Sulaiman, & Wahab, 2012) praise the anti-oxidant properties of
honey as a discovery that indicates honey may decrease oxidative stress in the

gastrointestinal tract, liver, pancreas, kidney, reproductive organs and plasma/serum.
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The synergistic anti-oxidant impact of honey and anti-diabetic drugs in the pancreas,
kidney and serum of diabetic rats are also proposed. Honey, administered alone or in
combination with conventional therapy, might be a novel anti-oxidant in terms of the
management of chronic diseases that are normally associated with oxidative stress. In
context with our studies, the findings of honey’s role in anti-proliferation and pro-
apoptotic processes may provide insight into management of disease associated with
oxidative stress. There is an urgent need to investigate this antioxidant effect of honey
from cellular models, to animal models, and finally in human subjects with chronic or

degenerative disease.

Our findings are building the pool of knowledge relative to honey being used as an anti-
metastatic agent in human colon cancer cellular studies. Future studies in animals are
plausible as a model for oral ingestion of New Zealand honeys. Studies in mice and rats
indicated that for specified carcinoma and adenocarcinoma targets, an effective
treatment of oral dosing of honey was statistically significant, and that immune system
activation and metastasis prevention was a result of honey ingestion (Ghashm, Othman,
Khattak, Ismail, & Saini, 2010).
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Chapter 6: Summary

With a rising number of new cases of all types of cancer (and particularly hematologic
malignancies), colorectal cancer contributed to a third of the cancer cases around the
world. Most colorectal cancers are sporadic, but a significant portion (5-6%) have a
clear genetic background. Colorectal cancer is a multi-step process involving the
inactivation of a variety of tumour suppression and DNA-repair genes and simultaneous
activation of certain oncogenes. Treatment of it usually comes with extremely adverse
side effects, and unfortunately, effective cancer treatment that can contributed directly
to the cancer cells without affecting the host is still unknown. Therefore, development
of novel agents that could cure or prevent cancers and reduce adverse side effects are

still very much needed.

Most anti-cancer agents act by induction of apoptosis, cell cycle arrest, as well as
inhibition and proliferation of cell growth. This study indicates that both UMF+15
Manuka honey and Thyme honey have been shown to have anti-cancer activities and
that they exert their effect through one of the aforementioned mechanisms. It is
expected that the effects of honey on cell cycle, cell growth and proliferation, as well as
induction of apoptosis in colon cancer cells, will provide clues for the prediction of

novel agents that may be useful in cancer chemoprevention or chemotherapy.

Honey-induced apoptosis was associated with caspase-3 and caspase-9 activation, and
PPAR cleavage. Our results shown an increase of apoptosis activity at high
concentration of honey after 72 hours. The apoptosis mechanisms studied by other
researchers suggested that honey-elevated caspase-3 activation and poly polymerase
cleavages in colon cancer cells is attributed to honey’s high phenolic content. Likewise,
apoptosis through up-regulating the expression of pro- or anti-apoptotic proteins within
the cancer cells also follows the caspase-8 or death receptor pathway and caspase-9 or

mitochondrial pathway for such apoptotic activities.

Evidence is developing that honey might have the possibility to be an anti-cancer
reagent through several mechanisms. In spite of the fact that the full components of
honey are yet to be described, studies have demonstrated that honey has anti-cancer
impact through its impedance of multiple cell-signalling pathways, such as inducing

apoptotic, anti-proliferative, anti-inflammatory and anti-mutagenic pathways. Honey
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modulates the body’s immune system, and with different floral sources may provide

different effects based on different targeted cancers.

Honey of different floral sources may give different health effects. More research is
required in order to improve our understanding of the positive effects or correlation
activities between honey and cancer behaviour. Results from cell culture experiments or
animal testing may not apply directly to the human condition. Prospective or properly
planned, randomised, and controlled clinical trials are expected to support the credibility

of honey being used either alone or as an adjuvant therapy.

Page 97 of 247



References

Abubakar, M. B., Abdullah, W. Z., Sulaiman, S. A., & Suen, A. B. (2012). A review of
molecular mechanisms of the anti-leukemic effects of phenolic compounds in honey.
International journal of molecular sciences, 13(11), 15054-15073.

Adams, C. J., Manley-Harris, M., & Molan, P. C. (2009). The origin of methylglyoxal in New
Zealand Manuka (Leptospermum scoparium) honey. Carbohydrate Research, 344(8),
1050-1053.

Ahmed, S., & Othman, N. H. (2013). Honey as a potential natural anticancer agent: A review of
its mechanisms. Evidence-based complementary and alternative medicine, 2013.
http://dx.doi.org/10.1155/2013/829070

Aliyu, M., Odunola, O. A., Farooq, A. D., Mesaik, A. M., Choudhary, M. I., Fatima, B., &
Erukainure, O. L. (2013). Acacia honey modulates cell cycle progression, pro-
inflammatory cytokines and calcium ions secretion in PC-3 cell lines. Journal of cancer
science & therapy, 4, 401-407.

Allen, K., Molan, P., & Reid, G. (1991). A survey of the antibacterial activity of some New
Zealand honeys. Journal of pharmacy & pharmacology, 43(12), 817-822.

Al-Ramadi, B. K., Fernandez-Cabezudo, M. J., El-Hasasna, H., Al-Salam, S., Attoub, S., Xu, D.
& Chouaib, S. (2008). Attenuated bacteria as effectors in cancer immunotherapy.
Annals of the New York Academy of Sciences, 1138(1), 351-357.

Al-Ramadi B. K., Fernandez-Cabezudo, M. J., El-Hasasna, H., Al-Salam, S., Bashir, G., &
Chouaib, S. (2009). Potent anti-tumour activity of systemically-administered IL2-
expressing Salmonella correlates with decreased angiogenesis and enhanced tumour
apoptosis. Clinical Immunology, 130(1), 89-97.

Al-Ramadi, B. K., Zhang, H., & Bothwell, A. L. (1998). Cell-cycle arrest and apoptosis
hypersusceptibility as a consequence of Lck deficiency in nontransformed T
lymphocytes. Proceedings of the national academy of sciences, 95(21), 12498-12503.

Alvarez-Suarez, J. M., Giampieri, F., & Battino, M. (2013). Honey as a source of dietary
antioxidants: Structures, bioavailability and evidence of protective effects against
human chronic disease. Current medicinal chemistry, 20(5), 621-638.

Al-Waili, N. S. (2004). Natural honey lowers plasma glucose, C-reactive protein, homocysteine
and blood lipids in healthy, diabetic, and hyperlipidemic subjects: comparison with
dextrose and sucrose. Journal of medicinal food, 7(1), 100-107.

Al-Waili, N. S, Salom, K., & Al-Ghamdi, A. A. (2011). Honey for wound healing, ulcers, and
burns; data supporting its use in clinical practice. The scientific world journal, 11, 766-787.

Alzahrani H. A., Boukraa, L., Bellik, Y., Abdellah, F., Bakhotmah, B. A., Kolayli, S., & Sahin,
H. (2012). Evaluation of the antioxidant activity of three varieties of honey from
different botanical and geographical origins. Global journal of health science, 4(6),
191-196.

Anklam, E. (1998). A review of the analytical methods to determine the geographical and
botanical origin of honey. Food chemistry, 63(4), 549-562.

Page 98 of 247



Antony, S. M., Han, I. Y., Rieck, J. R., & Dawson, P. L. (2000). Antioxidative effect of maillard
reaction products formed from honey at different reaction times. Journal of agricultural
and food chemistry, 48(9), 3985-3989.

Aysan E., Ayar, E., Aren, A., & Cifter, C. (2002). The role of intra-peritoneal honey
administration in preventing post-operative peritoneal adhensions. European journal of
obstetrics & gynecology and reproductive biology, 104(2), 152-155.

Ayyildiz, A., Akqul, K. T., Cebeci, O., Nuhoglu, B., Caydere, M., Ustun, H., & Germiyanoqlu,
C. (2007). Intraurethral honey application for urethral injury: an experimental study.
International urology and nephrology, 39(3), 815-821.

Batumalaie, K., Zaman, S. S., Mohd, Y. K., Shah, I. I., Devi, S. S., & Qist, R. (2013). Effect of
gelam honey on the oxidative stress-induced signalling pathways in pancreatic hamster
cells. International journal of endocrinology, 2013.
http://dx.doi.org/10.1155/2013/367312

Bedi, A., Pasricha, P. J., Akhtar, A. J., Barber, J. P., Bedi, G. C., Giardiello, F. M., & Jones, R. J.
(1995). Inhibition of apoptosis during development of colorectal cancer. Cancer
research, 55(9), 1811-1816.

Bhagat, S. S., Ghone, R. A., Suryakar, A. N., & Hundekar, P. S. (2011). Lipid peroxidation and
antioxidant vitamin status in colorectal cancer patients. Indian journal of physiology
and pharmacology, 55(1), 72-76.

Bharti A. C., Donato, N., Singh, S., & Aqggarwal, B. B. (2003). Curcumin (diferuloymethane)
down-regulates the constitutuve activation of nuclear factor-kappa b and ikappabalpha
kinase in human multiple myeloma cells, leading to suppression of proliferation and
induction of apoptosis. Blood, 101(3), 1053-1062. doi:10.1182/blood-2002-05-
13202002-05-1320]pii]

Bishayee, K., Ghosh, S., Mukherjee, A., Sadhukhan, R., Mondal, J., & Khuda-Bukhsh, A.R.
(2013). Quercetin induces cytochrome-c release and ROS accumulation to promote
apoptosis and arrest the cell cycle in G2/M, in cervical carcinoma: Signal cascade and
drug-DNA interaction. Cell proliferation, 46(2), 153-163.

Blaser, G., Santos, K., Bode, U., & Simon, A. (2007). Effect of medical honey on wounds
colonised or infected with MRSA. Journal of Wound Care, 16(8), 325-328.

Bodnar, A.G., Quellette, M., Frolkis, M., Holt, S. E., Chiu, C. P., Morin, G. B., & Wright, W. E.
(1998). Extension of life-span by introduction of telomerase into normal human cells.
Science, 279, 349-352.

Bohmer, R. M. (1979). Flow cytometric cell cycle analysis using the quenching of 33258
Hoechst fluorescence by bromodeoxyuridine incorporation. Cell proliferation, 12(1),
101-110.

Boo, H. J., Hyun, J. H,, Kim, S. C., Kang, J. I, Kim, M. K., Kim, S. Y., & Kang, H. K. (2011).
Fucoidan from Undaria pinnatifida induces apoptosis in A549 human lung carcinoma
cells. Phytotherapy research, 25(7), 1082-1086.

Bray, F., Ren, Jian-Song, Masuyer, E., & Ferlay, J. (2013). Global estimates of cancer
prevalence for 27 sites in the adult population in 2008. International journal of cancer,
132(5), 1133-1145.

Campling, B. G., Pym, J., Baker, H. M., Cole, S. P., & Lam, Y. M. (1991). Chemosensitivity
testing of small cell lung cancer using MTT assay. British journal of cancer, 63(1), 75-
83.

Page 99 of 247



Candiracci, M., Piatti, E., Dominguez-Barragan, M., Garcia-Antras, D., Morgado, B., Ruano, D.
& Castano, A. (2012). Anti-inflammatory activity of a honey flavonoid extract on
lipopolysaccharide-activated N13 microglial cells. Journal of agricultural and food
chemistry, 60(50), 12304-12311.

Caputo, J. L. (1996). Safety procedures. In Freshney, R. I., & Freshney, M. G. (Eds), Culture of
Immortalized Cells. New York: Wiley-Liss, pp. 25-51.

Carr, T., Evans, P., Campbell, S., Bass, P., & Albano, J. (1999). Culture of human renal tubular
cells: positive selectionof kallikrein-containing cells. Immunopharmacology, 44(1),
161-167.

Chan C., Deadman, B. J., Manley-Harris, M., & Wilkins, A. L. (2013). Analysis of the
flavonoid component of bioactive New Zealand Manuka (Leptospermum scoparium)
honey and the isolation, characterisation and synthesis of an unusual pyrrole. Food
chemistry, 141(3), 1772-1781.

Chen, C. N., Weng, M. S., Wu, C. L., & Lin, J. K. (2004). Comparison of radical scavenging
activity, cytotoxic effects and apoptosis induction in human melanoma cells by
Taiwanese propolis from different sources. Evidence-based complementary and
alternative medicine, 1(2), 175-185.

Chiang, L. C., Ng, L. T., Lin, I. C., Kuo, P. L., & Lin, C. C. (2006). Anti-proliferative effect of
apigenin and its apoptotic induction in human Hep G2 cells. Cancer letters, 237(2),
207-214.

Chiba, M., Idobata, K., Kobayashi, N., Sato, Y., & Muramatsu, Y. (1985). Use of honey to ease
the pain of stomatitis during radiotherapy. Kangogaku Zasshi, 49(2), 171-176.

Chidambaram, M, Manavalan, R., & Kathiresan, K. (2011). Nanotherapeutics to overcome
conventional cancer chemotherapy limitations. Journal of pharmacy & pharmaceutical
sciences, 14(1), 67-77.

Chien, S. Y., Wu, Y. C., Chung, J.G., Yang, J. S., Lu, H. F., Tsou, M. F., ... Chen, D. R. (2009).
Quercetin-induced apoptosis acts through mitochondrial- and caspase-3-dependent
pathways in human breast cancer MDA-MB-231 cells. Human & experimental
toxicology, 28(8), 493-503.

Collins, K. Jacks, T., & Pavletich, N. K. (1997). The cell cycle and cancer. Proceedings of the
national academy of sciences, 94(7), 2776-2778.

Cooper, R. A., Molan, P. C., & Harding, K. G. (1999). Antibacterial activity of honey against
strains of Staphylococcus aureus from infected wounds. Journal of the royal society of
medicine, 92(6), 283-285.

Cooper, R. A., Molan, P. C., Krishnamoorthy, L., & Harding, K. G. (2001). Manuka honey used
to heal a recalcitrant surgical wound. European journal of clinical microbiology &
infectious disease, 20(10), 758-759.

Cooper, R. A., Molan, P. C., & Harding, K. G. (2002). The sensitivity to honey of Gram
positive cocci of clinical significance isolated from wounds. Journal of applied
microbiology, 93(5), 857-863.

Coulston, A. M. (2000). Honey...how sweet it is! Nutrition today, 35(3), 96-100.

Crow, M. T., Mani, K., Nam, Y-J., & Kitsis, R. N. (2004). The mitochondrial death pathway
and cardiac myocyte apoptosis. Circulation Research, 95(10), 957-970.

Page 100 of 247



Cushnie, T. P. T., & Lamb, A. J. (2005). Antimicrobial activity of flavonoids. International
journal of antimicrobial agents, 26(5), 343-356.

D’Arcy, B. R. (2005). Antioxidants in Australian floral honeys-identification of health
enhancing nutrient components. Barton: Australian Government Rural Industries
Research and Development Corporation.

Doner, L. W. (1977). The sugars of honey - A review. Journal of the science of food and
agriculture, 28(5), 433-456.

Efem, S. E. E., Udoh, K. T., & Iwara, C. I. (1992). The antimicrobial spectrum of honey and its
clinical significance. Infection, 20(4), 227-229.

El-kott A. F., Kandell, A. A., Abed EI-Aziz, & Ribea, H. M. (2012). Anti-tumour effects of bee
honey on PCNA and p53 expression in the rat hepatocarcinogenesis. Internationl
journal of cancer research, 8, 130-139.

English, H. K., Pack, A. R., & Molan, P. C. (2004).The effects of Manuka honey on plaque and
gingivitis: a pilot study. Journal of the international academy of periodontology, 6(2),
63-67.

Enokizono, J., Kusuhara, H., & Sugiyama, Y. (2007). Effect of breast cancer resistance protein
(Bcrp/Abcg?) on the disposition of phytoestrogens. Molecular pharmacology, 72(4),
967-975.

Er, E., Oliver, L., Cartron, P. F., Juin, P., Manon, S., & Vallette, F. M. (2006 1301-1311).
Mitochondria as the target of the pro-apoptotic protein Bax. Biochimica et Biophysica
Acta (BBA)-Bioenergetics, 1757(9), 1301-1311.

Erejuwa, O. O., Sulaiman, S. A., Wahab, M. S., Sirajudeen, K. N. S., Salleh, M. M., & Gurtu, S.
(2010). Antioxidant protection of Malaysian tualang honey in pancreas of normal and
streptozotocin-induced diabetic rats. Annales d'endocrinologie, 71, 291-296.

Erejuwa, O. O., Sulaiman, S. A., Wahab, M. S. A,, Sirajudeen, K. N. S., Salleh, M. S. M., &
Gurtu, S. (2010). Antioxidant protective effect of glibenclamide and metformin in
combination with honey in pancreas of streptozotocin-induced diabetic rats.
International journal of molecular sciences, 11(5), 2056-2066.

Erejuwa, O. O., Sulaiman, S. A., & Ab Wahab, M. S. (2012). Honey: A novel antioxidant.
Molecules, 17(4), 4400-4423.

Erejuwa, O. O., Sulaiman, S. A., Ab Wahab, M. S, Sirajudeen, K. N., Salleh, S., & Gurtu, S.
(2012). Honey supplementation in spontaneously hypertensive rats elicits
antihypertensive effect via amelioration of renal oxidative stress. Oxidative medicine
and cellular longevity, 2012. http://dx.doi.org/10.1155/2012/374037

Erejuwa, O. O., Sulaiman, S. A., & Wahab, M. S. (2012). Honey - A novel antidiabetic agent.
Internal journal of biological sciences, 8(6), 913-934.

Erejuwa, O. O., Sulaiman, S. A., & Ab Wahab, M. S. (2013). Evidence in support of potential
applications of lipid peroxidation products in cancer treatment. Oxidative medicine and
cellular longevity, 2013, http://dx.doi.org/10.1155/2013/931251

Erejuwa, O. O., Sulaiman, S. A., Wahab, M. S,, Sirajudeen, K. N. S,, Salleh, M. S., & Gurtu, S.
(2012). Hepatoprotective effect of tualang honey supplementation in streptozotocin-
induced diabetic rats. International journal of applied research in natural products,
4(4), 37-41.

Page 101 of 247



Erejuwa, O. O., Sulaiman, S. A., & Wahab, M. S. A. (2014). Effects of honey and its
mechanisms of action on the development and progression of cancer. Molecules, 19(2),
2497-2522.

Fadeel, B., & Orrenius, S. (2005). Apoptosis: A basic biological phenomenon with wide-
ranging implications in human disease. Journal of internal medicine, 258(6), 479-517.

Farr, J. M. (2005). An investigation into some properties of the non-peroxide antibacterial
activity of Manuka honey (Master’s thesis). The University of Waikato, Hamilton, New
Zealand.

Fauzi, A. N., Norazmi, M. N., & Yaacob, N. S. (2011). Tualang honey induces apoptosis and
disrupts the mitochondrial membrane potential of human breast and cervical cancer cell
lines. Food chemical toxicology, 49(4), 871-878.

Fernandez-Cabezudo, M. J., EI-Kharrag, R., Torab, F., Bashir, G., George, J. A., EI-Taji, H., &
al-Ramadi, B. K. (2013, February). Intravenous administration of Manuka honey
inhibits tumour growth and improves host survival when used in combination with
chemotherapy in a melanoma mouse model. Plos one, 8(2).
http://dx.doi.org/10.1371/journal.pone.0055993

Fukuda, M., Kobayashi, K., Hirono, Y., Miyagawa, M., Ishida, T., Ejiogu, E. C., Sawai, M.,
Pinkerton, K. E., & Takeuchi, M. (2011). Jungle honey enhances immune function and
antitumour activity. Evidence-based complementary and alternative medicine, 2011.
http://dx.doi.org/10.1093/ecam/nen086

Geissman, T. A (1962). The occurrence of flavonoid compounds in nature. In Geissman T. A.,
(Ed.), The chemistry of flavonoid compounds, pp. 1-5. New York, NY: Macmillan

Gerhauser, C., Alt, A., Heiss, E., Gamal-Eldeen, A., Klimo, K., Knauft, J., Neumann, I., Scherf,
H., Frank, N., Bartsch, H., & Becker, H. (2002). Cancer chemopreventive activity of
Xanthohumol, a natural product derived from hop. Molecular cancer therapeutics,
1(11), 959-969.

Gethin, G., & Cowman, S. (2005). Case series of use of Manuka honey in leg ulceration.
International wound journal, 2(1), 10-15.

Ghashm, A. A., Othman, N. H., Khattak, M. N., Ismail, N. M., & Saini, R. (2010). Anti-
proliferative effect of Tualang honey on oral squamous cell carcinoma and
osteosarcoma cell lines. BMC complementary & alternative medicine, 10(1), 49.

Gogvadze, V., Orrenius, S., & Zhivotovsky, B. (2006). Multiple pathways of cytochrome ¢
release from mitochondria in apoptosis. Biochimica et biophysica acta (BBA) -
bioenergetics, 1757(5-6), 639-647.

Gomez-Casal, R., Bhattacharya, C., Ganesh, N., Bailey, N., Basse, P., Gibson, M., Epperly, M
& Levina, V. (2013). Non-small cell lung cancer cells survived ionizing radiation
treatment display cancer stem cell and epithelial-mesenchymal transition phenotypes.
Molecular Cancer, 12, 94.

Gratzner, H.G., & Leif, R. C. (1981). An immunofluorescence method for monitoring DNA
synthesis by flow cytometry. Cytometry, 1(6), 385-390.

Green, D. R. (2004). The pathophysiology of mitochondrial cell death. Science, 305, 626-629.

Greiner, J. W., Hand, P. H., Noguchi, P., Fisher, P. B., Pestka, S., & Schlom, J. (1984).
Enhanced expression of surface tumour-associated antigens on human breast and colon
tumour cells after recombinant human leukocyte alpha-interferon treatment. Cancer
research, 44(8), 3208-3214.

Page 102 of 247



Gribel, N. V., & Pashinskii, V. G. (1990). The antitumour properties of honey. Vopr Pnkol,
36(6), 704-7009.

Gribel, N. V., & Pashinskii, V. G. (1990). Antitumour properties of honey. Coprosy onkologii,
36, 704-707.

Griffin, T. W., Haynes, L. R., & Levin, L. V. (1982). Selective cytotoxicity of a ricin A-chain-
anti-carcinoembryonic antibody conjugate for a human colon adenocarcinoma cell line.
Journal of national cancer institute, 69(4), 799-805.

H, S. Y. (2009). Implication of mitogen-activated protein kinase in the induction of G1 cell cycle
arrest and gadd45 expression by the carotenoid fucoxanthin in human cancer cells.
Biochim Biophys Acta, 1790(4), 260-266.

H.C, P. (1993). The molecular biology of carcinogenesis. Cancer, 72, 962-970.

Ham, R. G., & McKeehan, W. L. (1978). Development of improved media and culture
conditions for clonal growth of normal diploid cells. In Vitro, 14, 11-22.

Hamdy, A. A, Ismail, H. M., Al-Ahwal, A-M., & Gomaa, N. F. (2009). Determination of
flavonoid and phenolic acid contents of clover, cotton and citrus floral honeys. The
journal of the Egyptian public health association, 84(3), 245-259.

Heimall, J, & Bielory, L. (2004). Defining complementary and alternative medicine in allergies
and asthma: Benefits and risks. Clinical reviews in allergy & immunology, 27(2), 93-
103.

Hermosin, 1., Chicon, R. M., & Cabezudo, M. D. (2003). Free amino acid composition and
botanical origin of honey. Food chemistry, 83(2), 263-268.

Hoff, P. M., & Machado, K. (2012). Role of angiogenesis in the pathogenesis of cancer. Cancer
treatment reviews, 38(7), 825-833.

Huang, H. L., Hsing, H. W, Lai, T. C., Chen, Y. W., Lee, T. R., Chan, H. T., Lyu, P. C., Wu, C.
L., Lu,Y.C,, Lin,S. T, Lin, C. W,, Lai, C. H., Chang, H. T., Chou, H. C., & Chan, H.
L. (2010). Trypsin-induced proteome alteration during cell subculture in mammalian
cells. Journal of biomedical science, 17(1), 36.

Hussein, S. Z., Mohd Yusoff, K., Makpol, S., & Mohd Yusof, Y. A. (2012). Gelam honey
inhibits the production of pro-inflammatory, mediators NO, PGE (2), TNF-alpha, and
IL-6 in carrageenan-induced acute paw edema in rats. Evidence-based complementary
and alternative medicine, 2012, 109636. http://dx.doi.org/10.1155/2012/109636

Hussein, S. Z., Yusoff, K. M., & Makpol, S. (2013). Gelam honey attenuates carrageenan-
induced rat paw inflammation via NF-kappaB pathway. Plos one, 8(8),
http://dx.doi.org/10.1371/journal.pone.0072365

Inoue, K., Murayama, S., Seshimo, F., Takeba, K., Yoshimura, Y., & Nakazawa, H. (2011).
Identification of phenolic compound in Manuka honey as specific superoxide anion
radical scavenger using electron spin resonance (ESR) and lipid chromatography with
coulometric array detection. Journal of the science of food and agriculture, 85(5), 872-
878.

lozzo, R. V. (1984). Biosynthesis of heparan sulfate proteoglycan by human colon carcinoma
cells and its localization at the cell surface. The journal of cell biology, 49, 403-417.

Jaganathan, S. K., & Mandal, M. (2009). Anti-proliferative effects of honey and of its
polyphenol: A Review. Journal of biomedicine and biotechnology, 2009.
http://dx.doi.org/10.1155/2009/830616

Page 103 of 247



Jaganathan, S. K., Mandal, S. M., Jana, S. K., Das, S., & Mandal, M. (2010). Studies on the
phenolic profiling, anti-oxidant and cytotoxic activity of Indian honey: in vitro
evaluation. Natural product research, 24(14), 1295-1306.

Jaganathan, S. K. (2012). Growth inhibition by caffeic acid, one of the phenolic constituents of
honey, in HCT 15 colon cancer cells. The scientific world Journal, 2012,
http://dx.doi.org/10.1100/2012/372345

Jaganathan, S. K., Mondhe, D., Wani, Z. A., Pal, H. C., & Mandal, M. (2010). Effect of honey
and eugenol on Ehrlich ascites and solid carcinoma. Journal of biomedicine and
biotechnology, 2010. http://dx.doi.org/10.1155/2010/989163

Jaruga, E., Sokal, A., Chrul, S., & Bartosz, G. (1998). Apoptosis independent alterations in
membrane dynamics induced by curcumin. Experimental cell research, 245(2), 303-312.
doi:S0014-4827(98)94225-2[pii]10.1006/excr.1998.4225

Jeddar, A., Kharsany, A., Ramsaroop, U. G., Bhamjee, A., Haffejee, I. E., & Moosa, A. (1985).
The antibacterial action of honey: an invitro study. South African medical journal, 67(7),
257-258.

Jemal, A., Bray, F., Center, M. M., Ferlay, J., Ward, E., & Forman, D. (2011). Global cancer
statistics. CA: a cancer journal for clinicians, 61(2), 69-90.

Jenkins, R, Burton, N., & Cooper, R. (2011). Effects of Manuka honey on the expression of
universal stress protein A in meticikkin-resistant Staphylococcus aureus. International
journal of antimicrobial agents, 37(4), 373-376.

Joganathan, S. K., & Mandal, M. (2009). Anti-proliferative Effects of Honey and of its
Polyphenols: A Review. Journal of Biomedicine and Biotechnology, 20009.
http://dx.doi.org/10.1155/2009/830616

Jubri, Z., Narayanan, N. N. N., Karim, N. A., & Ngah, W. Z. W. (2012). Anti-proliferative
activity and apoptosis induction by gelam honey on liver cancer cell line. International
journal of applied science and technology, 2, 135-141.

Kadir, E. A., Sulaiman, S. A, Yahya, N. K., & Othman, N. H. (2013). Inhibitory effects of
tualang honey on experimental breast cancer in rats: A preliminary study. Asian pacific
journal of cancer prevention, 14(4), 2249-2254.

Kanavos, P. (2006). The rising burden of cancer in the developing world. Annals of oncology,
17, 15-23.

Kassim, M., Achoui, M., Mustafa, M. R., Mohd, M. A., & Yusoff, K. M. (2010). Ellagic acid,
phenolic acids, and flavonoids in Malaysian honey extracts demonstrate in vitro anti-
inflammatory activity. Nutrition research, 30(9), 650-659.

Kelloff, G. J. (1999). Perspectives on cancer chemoprevention research and drug development.
Advances in cancer research, 78, 199-334.

Kelloff, G. J., & Boone, C. W. (eds) (1994). Cancer chemopreventive agents: drug development
status and future prospects. Journal of cellular biochemistry, 20, 1-303.

Knazek, R. A., Gullino, P. M., Kohler, P. O., & Dedrick, R. L. (1972). Cell culture on artifical
capillaries. An approach to tissue growth in vitro. Science, 178(4056), 65-67.

Kruse, P. J., Keen, L. N., & Whittle, W. L. (1970). Some distinctive characteristics of high
density perfusion cultures of diverse cell types. In vitro, 6(1), 75-88.

Page 104 of 247



Kwakman, P. H. S., te Velde, A. A, de Boer, L., Vandenbroucke-Gauls, C. M. J. E., & Zaat, S.
A. J. (2011). Two major medicinal honeys have different mechanisms of bactericidal
activity. Plos one, 6. http://dx.doi.org/10.1371/journal.pone.0017709

Kyselova, Z. (2011). Toxicological aspects of the use of phenolic compounds in disease
prevention. Interdisciplinary toxicology, 4 (4), 173-183.

Lachman, J., Hejtmankova, A., Sykora, J., Karban, J., Orsak, M., & Rygerova, B. (2010).
Contents of major phenolic and flavonoid antioxidants in selected Czech honey. Czech
journal of food science, 28(5), 412-426.

Latt, S.A., George, Y. S., & Gray, J. W. (1977). Flow cytometric analysis of
bromodeoxyuridine-substituted cells stained with 33258 Hoechst. Journal of
histochemistry & cytochemistry, 25, 927-934.

Leong, A. G., & Herst, P. M. (2011). Indigenous New Zealand honeys exhibit multiple anti-
inflammatory activities. Innate immunity, 18(3), 459-466.

Leong, A. G., Herst, P. M., & Harper, J. L. (2012). Indigenous New Zealand honey exhibit
multiple anti-inflammatory activities. Innate immunity, 18(3), 459-466.

Li, Y., Revalde, J. L., Reid, G., & Paxton, J. W. (2010). Interactions of dietary phytochemicals
with ABC transporters: possible implications for drug disposition and multidrug
resistance in cancer. Drug metabolism reviews, 42(4), 590-611.

Li, Y., Revalde, J. L., Reid, G., & Paxton, J. W. (2011). Modulatory effects of curcumin on
multi-drug resistance-associated protein 5 in pancreatic cancer cells. Cancer
chemotherapy and pharmacology, 68(3), 603-610.

Marcovic, O., & Markovic, N. (1998). Cell cross-contamination in cell cultures: the silent and
neglected danger. In vitro cellular & developmental biology - animal, 34(1), 1-8.

Markham, K. R., Mitchell, K. A., Wilkins, A. L., Daldy, J. A., Lu, Y. (1996). HPLC and GC-
MS identification of the major organic constituents in New Zealand propolis.
Phytochemistry, 42(1), 205-211.

Martos, 1., Cossentini, M., Ferreres, F., & Tomas-Barberan, F. A. (1997). Flavonoid
composition of Tunisian honey and propolis. Journal of agricultural and food chemistry,
45(8), 2824-2829.

Martos, I., Ferreres, F., & Tomas-Barberan, F. A. (2000). Identification of flavonoid markers for
the botanical origin of eucalyptus honey. Journal of agricultural and food chemistry,
48(5), 1498-1502.

Maurizio, A. (1962). From the raw material to the finished product: honey. Bee World, 43(3),
66-81.

Mavric, E., Wittmann, S., Barth, G., & Henle, T. (2008). Identification and quantification of
methylglyoxal as the dominant antibacterial constituent of Manuka (Leptospermum
scoparium) honeys from New Zealand. Molecular nutrition & food research, 52(4),
483-489.

Ministry of Health. (2013). Annual Report for the year ended 30 June 2013 including the
Director-General of Health’s Annual Report on the State of Public Health. Wellington:
Ministry of Health.

Ministry of Health. (2010). Annual Report for the year ended 30 June 2010 including the
Director-General of Health’s Annual Report on the State of Public Health. Wellington:
Ministry of Health.

Page 105 of 247



Molan, P, C. (2001). Honey as a topical antibacterial agent for treatment of infected wounds.
World Wide Wounds, 10.

Molan, P. C. (1992). The antibacterial activity of honey: Variation in the potency of the
antibacterial activity. Bee World, 73(2), 59-76.

Molan, P. C. (1995). The antibacterial properties of honey. Chemistry in New Zealand, July, 10-
14.

Molan, P. C. (1999). The role of honey in the management of wounds. Journal of Wound Care,
8(8), 415-418.

Molan, P. C. (2001). Potential of honey in the treatment of wounds and burns. American journal
of clinical dermatology, 2(1), 13-19.

Morales, C. F. (1991). Margarodidae (Insecta: Hemiptera). Fauna of New Zealand / Ko te
Aitanga Pepeke o Aotearoa, 21.

Morin, P. J., Vogelstein, B., & Kinzler, K. W. (1996). Apoptosis and APC in colorectal
tumourigenesis. Proceedings of the national academy of sciences of the United States of
America, 93, 7950-7954.

Mu, C., Jia, P., Yan, Z., Li, X., & Liu, H. (2007). Quercetin induces cell cycle G1 arrest through
elevating Cdk inhibitors p21 and p27 in human hepatoma cell line (HepG2). Methods
and findings in experimental and clinical pharmacology, 29(3), 179-183.

Naldini, A., & Carraro, F. (2005). Role of inflammatory mediators in angiogenesis. Current
drug targets - inflammation & allergy, 4, 3-8.

Nicoletti, I., Miglinrati, G., Pagliacci, M. C., Grignani, F., & Riccardi, C. (1991). A rapid and
simple method for measuring thymocyte apoptosis by propidium iodide staining and
flow cytometry. Journal of immunological methods, 139(2), 271-279.

Noguchi, P., Wallace, R., Johnson, J., Earley, E. M., O’Brien, S., Ferrone, S., Pellegrino, M. A.,
Milstien, J., Needy, C., Browne, W., & Petricciani, J. (1979). Characterization of WiDr:
A human colon carcinoma cell line. In Vitro, 33(6), 401-408.

Noguchi, P. D., Johnson, J. B. & Browne, W. (1981). Measurement of DNA synthesis by flow
cytometry. Cytometry, 1(6), 390-393.

Noguchi, P. D., Cunningham, R. E., Ridge, J., & Muller, J. (1985). The use of flow cytometry
and cell sorting in a human colon carcinoma model. Cytometry, 6(3), 254-259.

O’Connor, O. A. (2011). Apoptosis: From biology to therapeutic targeting. Annals of oncology,
22, 76-79.

Oh, B., Butow, P., Mullan, B., Beale, P, Pavlakis, N., Rosenthal, D., & Clarke, S. (2010). The
use and perceived benefits resulting from the use of complementary and alternative
medicine by cancer patients in Australia. Asia-pacific journal of clinical oncology, 6(4),
342-349.

Omotayo, E. O., Gurtu, S., Sulaiman, S. A., Wahab, M. S. A., Sirajudeen, K. N. S., & Salleh, M.
S. M. (2010). Hypoglycemic and antioxidant effects of honey supplementation in
streptozotocin-induced diabetic rats. International journal for vitamin and nutrition
research, 80, 74-82.

Orsolic, N., Knezevic, A., Sver, L., Terzic, S., Hanckenberger, B. K., & Basic, I. (2003).
Influence of honey bee products on transplantable murine tumours. Veterinary and
comparative oncology, 1(4), 216-226.

Page 106 of 247



Orsolic, N., Terzic, S., Sver, Lidija, & Basic, 1. (2005). Honey bee products in prevention and/or
therapy of murine transplantable tumours. Journal of the science of food and
agriculture, 85(3), 363-370.

Orsolic, N. (2009). Bee Honey and Cancer. Journal of ApiProduct and ApiMedical science, 1(4),
93-103.

Oryan A., & Zaker, S. R. (1998). Effects of topical application of honey on cutaneous wound
healing in rabbits. Journal of veterinary medicine series A. 45(1), 181-188.

Othman, N. H. (2012). Honey and cancer: Sustainable inverse relationship particularly for
developing nations - A review. Evidence-based complementary and alternative
medicine, 2012, http://dx.doi.org/10.1155/2012/410406

Parker, C., Water, R., Leighton, C., Hancock, J., Sutton, R., Moorman, A. V., Ancliff, P.,
Morgan, M., Masurekar, A., Goulden, N., Green, N., Revesz, T., Darbyshire, P., Love,
S., & Saha, V. (2010). Effect of mitoxantrone on outcome of children with first relapse
of actue lymphoblastic leukaemia: An open-label randomised trial. The lancet, 376,
2009-2017.

Parkin, D. M., Bray, F., Ferlay, J., & Pisani, P. (2005). Global cancer statistics, 2002. CA: A
cancer hournal for clinicians, 55(2), 74-108.

Patel, B.B., Sengupta, R., Qazi, S., Vachhani, H., Yu, Y., Rishi, A. K., & Majumdar, A. P. N.
(2008). Curcumin enhances the effects of 5-fluorouracil and oxaliplatin in mediating
growth inhibition of colon cancer cells by modulating egfr and igf-1r. Internal journal
of cancer, 122(2), 267-273.

Petrus, K., Schwartz, H., & Sontag, G. (2011). Analysis of flavonoids in honey by HPLC
coupled with coulometric electrode array detection and electrospray ionization mass
spectrometry. Analytical and bioanalytical chemistry, 400(8), 2555-2563.

Pichichero, E., Cicconi, R., Mattei, M., & Canini, A. (2011). Chrysin-induced apoptosis is
mediated through p38 and Bax activation in B16-F1 and A375 melanoma cells.
International journal of oncology, 38, 473-483.

Pitot, H. C. (1993). The molecular biology of carcinogenesis. Cancer, 72(S3), 962-970.

Placzek, W. J., Wei, J., Kitada, S., Zhai, D., Reed, J. C., & Pellecchia, M. (2010). A survey of
the anti-apoptotic Bcl-2 subfamily expression in cancer types provides a platform to
predict the efficacy of Bcl-2 antagonists in cancer therapy. Cell death and disease, 1,
e40.

Pretlow, T. G., & Pretlow, T. P. (1989). Cell separation by gradient centrifugation methods.
Methods in enzymology, 171, 462-482.

Pyrzynska, K., & Biesaga, M. (2009). Analysis of phenolc acids and flavonoids in honey.
Trends in analytical chemistry, 28(7), 893-902.

Rao, C. V., Desai, D., Simi, B., Kulkarni, N., Amin, S., & Reddy, B. S. (1993). Inhibitory effect
of caffeic acid esters on azoxymethane-induced biochemical changes and aberrant crypt
foci formation in rat colon. Cancer research, 53(18), 4182-4188.

Ren, J., Cheng, H., Xin, W. Q., Chen, X., & Hu, K. (2012). Induction of apoptosis by 7-
piperazinethylchrysin in HCT-116 human colon cancer cells. Oncology report, 28(5),
1719-1726.

Page 107 of 247



Rieger, A. M., Nelson, K. L., Konowalchuk, J. D., & Barreda, D. R. (2011). Modified Annexin
V/Propidium lodide Apoptosis Assay For Accurate Assessment of Cell Death. Journal
of visualized experiments, 50, e2597-e2597. http://dx.doi.org/10.3791/2597

Riss, T. (2014, Nov). Is your MTT assay really the best choice? Retrieved from
https://worldwide.promega.com/resources/pubhub/is-your-mtt-assay-really-the-best-
choice/#thowToCite?activeTab=0

Rivlin, N., Brosh, R., Oren, M., & Rotter, V. (2011). Mutations in the p53 tumour suppressor
gene: Important milestones at the various steps of tumourigensis. Genes and cancer, 2,
466-474.

Ruegg, M., Blanc, B. (1981). The water activity of honey and related sugar solutions.
Lebensmittel-wissenschaft + technologie. = food science + technology, 14(1), 1-6.

Salah, N., Miller, N. J., Paganga, G., Tijburg, L., Bolwell, G. P., & Riceevans, C. (1995).
Polyphenolic flavanols as scavengers of aqueous phase radicals and as chain-breaking
antioxidants. Archives of biochemistry and biophysics, 322(2), 339-346.

Salmon, J. T. (1991). Native New Zealand flowering plants. Auckland: Reed Books.

Samarghandian, S., Afshari, J. T., & Davoodi, S. (2011). Chrysin reduces proliferation and
induces apoptosis in the human prostate cancer cell line pc-3. Clinics, 66(6), 1073-1079.

Satomi, Y., & Nishino, H. (2009). Implication of mitogen-activated protein kinase in the
induction of G1 cell cycle arrest and gadd45 expression by the carotenoid fucoxanthin
in human cancer cells. Biochimica et biophysica acta (BBA) — general subjects, 1790(4),
260-266.

Sauer, H., Wartenberg, M., & Hescheler, J. (2011). Reactive oxygen species as intracellular
messengers during cell growth and differentiation. Cell physiology and biochemistry, 11,
173-186.

Saxena S. (2012). Suppression of error prone pathway is responsible for antimutagenic activity
of honey. Food and chemical toxicology, 50, 625-633.

Sergiel, 1., Pohl, P., & Biesaga, M. (2014). Characterisation of honeys according to their content
of phenolic compounds using high performance liquid chromatography/tandem mass
spectrometry. Food chemistry, 145, 404-408.

Sherr, C. J. (1994). G1 phase progression: Cycling on cue. Cell, 79(4), 551-555.

Simon, A., Sofka, P., Wiszniewsky, G., Blaser, G., Bode, U., & Fleischhack, G. (2006). Wound
care with antibacterial honey (Medihoney) in pediatric hematology-oncology. Support
care in cancer, 14(1), 91-97.

Spinner, D. M. (2001). MTT growth assays in ovarian cancer. Methods in molecular medicine,
39, 175-177.

Stephens, J. M. C. (2006). The factors responsible for the varying levels of UMF® in manuka
(Leptospermum scoparium) honey (Thesis, Doctor of Philosophy (PhD)). The
University of Waikato. Retrieved from http://hdl.handle.net/10289/2655

Subrahmanyam, M. (1988). Topical application of honey in treatment of burns. British journal
of surgery, 78(4), 497-498.

Sultana, A., Ghaneh, P., Cunningham, D., Starling, N., Neoptolemos, J. P & Smith, C. T. (2008).
Gemcitabine based combination chemotherapy in advanced pancreatic cancer-indirect
comparison. BMC Cancer, 8, 192.

Page 108 of 247



Swellam, T., Miyanaga, N., Onozawa, M., Hattori, K., Kawai, K., Shimasui, T., & Akaza, H.
(2003). Antineoplastic activity of honey in an experimentl bladder cancer implantation
model: In vivo and in vitro studies. International journal of urology, 10(4), 213-219.

Tait, S. W. G., Green, D. R. (2010). Mitochondria and cell death: Outer membrane
permeabilization and beyond. Nature reviews molecular cell biology, 11(9), 621-632.

Tan, H. T., Rahman, R. A., Gan, S. H., Halim, A. S., Hassan, S. A., Sulaiman, S. A., & Kaur, K.
(2009). The antibacterial properties of malaysian tualang honey against wound and
enteric microorganisms in comparison to Manuka honey. BMC Complementary and
alternative medicine, 9, 34.

Tan, K. W., Killeen, D. P., Li, Y., Paxton, J. W., Birch, N. P., & Scheepens, A. (2014). Dietary
polyacetylenes of the falcarinol type are inhibitors of breast cancer resistance protein
(BCRP/ABCG2). European journal of pharmacology, 723, 346-352.

Tan, K. W., Li, Y., Paxton, J. W., Birch, N. P., & Scheepens, A. (2013). Identification of novel
dietary phytochemicals inhibiting the efflux transporter breast cancer resistance protein
(BCRP/ABCG?2). Food chemistry, 138(4), 2267-2274.

Tan, S. T., Wilkins, A. L., Holland, P. T., & McGhie, T. K. (1989). Extractives from New
Zealand unifloral honeys. 2. Degraded carotenoids and other substances from heather
honey. Journal of Agricultural and Food Chemistry, 37(5), 1217-1221.

Tan, T. W., Cooney, J., Jensen, D., Li, Y., Paxton, J. W., Birch, N. P., & Scheepens, A. (2014).
Hop-derived prenylflavonoids are substrates and inhibitors of the efflux transporter
breast cancer resistance protein (BCRP/ABCG2). Molecular nutrition & food research,
58(11), 2099-2110.

Tonks, A.J., Cooper, R. A., Jones, K. P., Blair, S., Parton, J., & Tonks, A. (2003). Honey
stimulates inflammatory cytokine production from monocytes. Cytokine, 21(5), 242-
247.

Trainer, D. L., Kline, T., McCabe, F. L., Faucette, L. F., Feild, J., Chaikin, M., Anzano, M.,
Reiman, D., Hoffstein, S., Li, D.-J., Gennaro, D., Buscarino, C., Lynch, M., Poste, G.
and Greig, R. (1988), Biological characterization and oncogene expression in human
colorectal carcinoma cell lines. International journal of cancer, 41, 287-296.

Travelin, S., Grasjo, J., Taipalensuu, J., Ocklind, G., Artursson, P., 2002. Application of
epithelial cell culture in studies of drug transport. In Wise, C. (Ed.), Epithelial Cell
Culture Protocols (pp. 233-272). Totowa, NJ: Humana Press.

Triantafillidis, J. K., Nasioulas, G., & Kosmidis, P. A (2009). Colorectal cancer and
inflammatory bowel disease: Epidemiology, risk factors, mechanisms of carcinogenesis
and prevention strategies. Anticancer research, 29, 2727-2737.

Vermes, I., Haanen, C., Steffens-Nakken, H., & Reutellingsperger, C. (1995, March 16). A
novel assay for apoptosis flow cytometric detection of phosphatidylserine expression on
early apoptotic cells using fluorescein labelled Annexin V. Journal of immunological
methods, 184(1), 39-51.

Vidya Priyadarsini, R., Senthil Murugan, R., Maitreyi, S., Ramalingam, K., Karunagaran, D., &
Nagini, S. (2010). The flavonoid quercetin induced cell cycle arrest and mitochondria-
mediated apoptosis in human cervical cancer (HeLa) cells through p53 induction and
NF-kappa B inhibition. European journal of pharmacology, 649(1-3), 84-91.

Page 109 of 247



Visavadia, B. G., Honeysett, J., & Danford, M. H. (2006). Manuka honey dressing: An effective
treatment for chronic wound infections. British journal of oral and maxillofacial
surgery, 46(1), 55-56.

Vit, P., Soler, C., & Tomas-Barberan, F. A. (1997). Profiles of phenolic compounds of Apis
mellifera and Melipona spp. honeys from Venezuela. Zeitschrift fur Lebensmittel-
Untersuchung und —Forschung A, 204(1), 43-47.

Vogelstein, B., Sur, S., & Prives, C. (2010). p53: The most frequently altered gene in human
cancers. Nature education, 3(9), 6.

Wahdan, H. A. L. (1998). Causes of the antimicrobial activity of honey. Infection, 26(1), 26-31.

Wang, W., Heideman, L., Chung, C. S., Pelling, J. C., Koehler, K. J., & Birt, D. F. (2000). Cell-
cycle arrest at G2/M and growth inhibition by apigenin in human colon carcinoma cell
lines. Molecular carcinogenesis, 28(2), 102-110.

Wang, H., & Cho, C. H. (2010). Effect of NFkappaB signaling on apoptosis in chronic
inflammation-associated carcinogenesis. Current cancer drug targets, 10, 593-599.

Wang Y., Kim, N., Haince, J. F., Kang, H. C., David, K. K., Andrabi, S. A., Poirier, G. G,
Dawson, V. L., & Dawson, T. M. (2011). Poly (ADP-ribose) (PAR) binding to
apoptosis-inducing factor is critical for PAR polymerase-1-dependent cell death
(parthanatos). Science Signaling, 4(167), ra20.

Wang, S. K., Li, Y., White, W. L., & Lu, J. (2014). Extracts from New Zealand Undaria
pinnatifida containing Fucoxanthin as potential functional biomaterials against cancer in
vitro. Journal of functional biomaterials, 5(2), 29-42.

Warburg, O., Wind, F., & Negelein, E. (1926). The metabolism of tumours in the body. The
journal of general physiology, 8(6), 519-530.

Ward, C. (2000). Kanuka and Manuka. Forest and Bird, 295, 24-27.

Weston, R. J., & Brocklebank, L. K. (1999). The oligosaccharide composition of some New
Zealand honeys. Food chemistry, 64(1), 33-37.

Weston, R. J., Brocklebank, L. K., & Lu, Y. (2000). Identification and quantitative levels of
antibacterial components of some New Zealand honeys. Food chemistry, 70(4), 427-
435.

Weston, R.J., Mitchell, K. R., & Allen, K. L. (1999). Antibacterial phenolic components of New
Zealand Manuka honey. Food chemistry, 64(3), 295-301.

White, J. W. J. (1992). Honey. In Graham J. M. (Ed.), The hive and the honey bee. (pp.869-925).
Hamilton, lllinois: Dadant and Sons Inc.

White, J. W. J. (1980). Detection of honey adulteration by carbohydrate analysis. The
association of official analytical chemists, 63(1), 11-18.

White, J. W. J., & Rudyj, O. N. (1978). The protein content of honey. Journal of apicultural
research, 17(2), 234-238.

White, J. W. J., (1978). Honey. Advances in Food Research, 24, 287-375.

White, J. W. J., (1975). Composition of honey. In Crane, E. (Ed.), Honey: a comprehensive
Survey (pp. 157-206). London: Heinemann.

Page 110 of 247



White, J. W. J., Riethof, M. L., Subers, Mary. H., & Kushnir, 1. (1962). Composition of
American honey. Washington, DC: United States Department of Agricultures.

William, G. H., & Stoeber, K. (2012). The cell cycle and cancer. Journal of pathology, 226(2),
352-364.

Wilson, A. P. (2000). Chapter 7: Cytotoxicity and viability. In Master, J. R., Animal cell culture:
A practical approach, 3(1), (pp. 410-489). Oxford, England: Oxford University Press.

Xie, F., Su, M., Qiu, W., Zhang, M., Guo, Z., Su, B., & Liu, J.(2013). Kaempferol promotes
apoptosis in human bladder cancer cells by inducing the tumour suppressor, PTEN.
International journal of molecular sciences, 14(11), 21215-21226.

Yaacob, N. S., Nengsih, A., & Norazmi, M. N. (2013). Tualang honey promotes apoptotic cell
death induced by tamoxifen in breast cancer cell lines. Evidence-based complementary
and alternative medicine, 2013. http://dx.doi.org/10.1155/2013/989841

Yu, R, Hu, X,, Xu, X., Jiang, Z., & Yang, W. (2011). Effects of fucoxanthin on proliferation
and apoptosis in human gastric adenocarcinoma MGC-803 cells via JAK/STAT signal
pathway. European journal of pharmacology, 657(1-3), 10-19.

Zand, R. S. R., Jenkins, D. J. A., & Diamandis, E. P. (2000). Steroid hormone activity of
flavonoids and related compounds. Breast cancer research and treatment, 62 (1), 35-49.

Zhang, Q., Zhao, X. H., & Wang, Z. J. (2008). Flavones and flavonols exert cytotoxic effects on
a human oesophageal adenocarcinoma cell line (OE 33) by causing G2/M arrest and
inducing apoptosis. Food chemistry toxicology, 46, 2042-2053.

Zhang, S., Yang, X., & Morris, M. E. (2004). Flavonoids are inhibitors of breast cancer
resistance protein (ABCG2)-mediated transport. Molecular pharmacology, 65(5), 1208-
1216.

Page 111 of 247



LoVo raw data section

Appendix

Anti-proliferative effect of honey
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Figure 17: Absorbance at 540nm vs time
(24 hours, 48 hours and 72 hours) on
LoVo cells (Set 1).

Cells were treated with UMF+15 from 0.5% to
5% for 24, 48 and 72 hours. Data were

obtained as means + standard errors (n=6).

Figure 18: Absorbance at 540nm vs time
(24 hours, 48 hours and 72 hours) on
LoVo cells (Set 2).

Cells were treated with UMF+15 from 0.5%
to 5% for 24, 48 and 72 hours. Data were

obtained as means + standard errors (n=6).
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Figure 19: Absorbance at 540nm vs time
(24 hours, 48 hours and 72 hours) on
LoVo cells (Set 1).

Cells were treated with Thyme from 0.5% to
5% for 24, 48 and 72 hours. Data were

obtained as means * standard errors (n=6).

Cells were treated with Thyme from 0.5% to

5% for 24, 48 and 72 hours. Data were
obtained as means + standard errors (n=6).

Figure 20: Absorbance at 540nm vs time

(24 hours, 48 hours and 72 hours) on
LoVo cells (Set 2).
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Figure 21: Cell viability (%) vs time (24
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u Control Figure 25: Cell viability (%) vs time
(48 hours) on LoVo cells (Set 2).
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Statistical data analysis by Prism

Table 17: Control Comparison (1way ANOVA)
Table Analyzed

ANOVA summary

F

P value

P value summary

Are differences among means statistically significant? (P < 0.03)
F. square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary
Significantly different standard deviations? (P = 0.03)

Bartlett's test
Bartlett's statistic (corrected)
P value

P value summary

Significantly different standard deviations? (P = 0.03)
ANOVA table

Treatment (between columns)

Fesidual (within columns)

Total

Data summary

Number of treatments (columns)
MNumber of values (total)

Control
Comparison

951.4
= 0.0001

R g

Yes
0.983

9.563 (2, 33)
0.0005

e

Yes

5.047
0.0802

No
55 DF MS
16.09 2 8.045

0.279 33
1637 35

0.008456

36

F (DEn, DEd)
F(2.33)=9514

P value

P=0.0001
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Table 18: Control Comparison (1way ANOVA Multiple Comparison)

Number of families

Number of comparisons per family

Alpha

Dunnett's multiple comparisons test

Control (Day 1) vs. Control (Day 2)

Control (Day 1) vs. Control (Day 3)

Test details

Control (Day 1) vs. Control (Day 2)
Control (Day 1) vs. Control (Day 3)

0.05

Mean Diff.

Mean 1

0.8913
0.8913

95% CI of diff.

LA
=
&~

-0.6688 to -
0.4953

-1.703 to -1.530

Mean 2

1.473
2508

Significant?

Yes

Yes

Mean Daff.

-0.582
-1.617

Summary

R

R

SE of diff.

0.03754
0.03754

nl

12
12

12

155
43.06

DF

33
33
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Table 19: UMF+15 vs Control Day 1 (1way ANOVA)

Table Analyvzed
ANOVA summary
F

P value

P value summary

Are differences among means
statistically significant? (P = 0.05)

E square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard
deviations? (P < 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard
deviations? (P < 0.03)
ANOVA table

Treatment (between columns)
Residual (within columns)
Total

Data summary

Number of treatments (columns)
Number of values (total)

UME+15 vs Control Day 1

4627
=0.0001

A

Yes

09711

2.776 (4. 55)
0.0358

o

Yes

1997
0.0005

O

Yes

55 DF MS
40476 4 10119
1203 5 21.87
41679

LA
LY =R

LM

60

F (DFn. DFd)
F(4,55)=462.7

P value
P =0.0001
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Table 20: UMF+15 vs Control Day 1 (lway ANOVA Multiple Comparison)

Number of families 1
Number of comparisons per family 4
Alpha 0.05
-y - - 0.5
Bonferroni's multiple comparisons Mean Diff 95 Yo CI of Significant? S ary
test daff.
Control vs. UME+15 0.5% 477 e No ns
Control vs. UME+15 125% 02943 et No ns
Control vs. UMF+15 2.5% 10.75 3817 to 15.68 Yes Hkokk
Control vs. UMF+15 5% 65.25 60.32 to 70.18 Yes ok
Test details Mean 1 Mean 2 Mean Diff. SE of diff. nl n2 t DF
Control vs. UMF+15 0.5% 100 104.8 -4.77 1.909 12 12 2.499 35
Control vs. UMF+15 1.25% 100 99.71 0.2943 1.909 12 12 0.1542 35
Control vs. UMF+15 2.5% 100 8925 10.75 1.909 12 12 5.629 35
Control vs. UMF+13 5% 100 3473 65.25 1.909 12 12 34.18 55
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Table 21: UMF+15 vs Control Day 2 (lway ANOVA)

Table Analyzed
ANOVA summary
E

P value

P value summary

Are differences among means statistically significant?
(P =0.05)

R square
Brown-Forsythe test
F (DFn, DEd)

P value

P value summary
Significantly different standard deviations? (P = 0.05)

Bartlett's test
Bartlett's statistic (correctad)
P value

P value summary

Significantly different standard dewviations? (P = 0.03)
ANOVA table

Treatment (between columns)

Residual (within columns)

Total

Data summary

Number of treatments {columns)
Number of values (total)

UMF+15 vs Control Day 2

717.7
= (0.0001

3 26 e
Yes
09812
2953 (4, 55)

0.0278

=

Yes

2193
0.0002

2 2 ok
Yes
S5 DF MS

36591 4 14148

1084
37676

19.71

LhoLAa
oL

60

F (DFn, DFd)

F (4,55)=717.7

P value

P =0.0001
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Table 22: UMF+15 vs Control Day 2 (1way ANOVA Multiple Comparison)

Number of families

Number of comparisons per
family
Alpha

Bonferrom's multiple
comparisons test

Control vs. UMF+15 0.5%
Control vs. UMF+15 1.25%
Control vs. UMF+15 2.5%

Control vs. UMF+15 5%

Test details

Control vs. UMF+15 0.5%
Control vs. UMF+15 1.25%
Control vs. UMF+15 2 5%
Control vs. UMF+15 5%

1
4
0.03

Mean Daff.

7911

11.82

31

85.1

Mean 1

100
100
100
100

95% CI of diff.

LA
=

323010 12,59

7.135t0 16.50

26.32 to 35.68

8042 10 89.79

Mean 2

92.09
88.18
69
14.9

Significant?

Yes

Yes

Yes

Yes

Mean Daff.

7911
11.82
31
851

Summary

O

OO

OO

O

SE of
diff.

1.813
1.813
1.813
1813

nl

12
12
12
12

12
12
12
12

4364

6.518
171

46.95

DF

55
55
55
55
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Table 23: UMF+15 vs Control Day 3 (lway ANOVA)

Table Analyzed
ANOVA summary
F

P value

P value summary

Are differences among means statistically significant? (P <

0.03)

R square
Brown-Forsythe test
F (DFn, DFd)

P value

P value summary
Significantly different standard deviations? (P < 0.03)

Bartlett's test
Bartlett's statistic (corrected)
P value

P value summary

Significantly different standard deviations? (P = 0.05)
ANOVA table

Treatment (between columns)

Residual (within columns)

Total

Data summary

Number of treatments (columns)
Number of values (total)

UMF+15 vs Control Day 3

1924
=0.0001

e e

Yes
0.9929

4.588 (4, 55)
0.0029

s

Yes

4537
< 0.0001

L 2 E

Yes
S8 DF MS

74397 4 18599

531.7 35 9.668
74928 59

60

F (DFn,
DEd)
F(4,55) =
1924

P value

P=0.0001
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Table 24: UMF+15 vs Control Day 3 (1way ANOVA Multiple Comparison)

Number of families
Number of comparisons per family
Alpha

Bonferroni's multiple comparisons test

Control vs. UMF+15 0.5%

Control vs. UMF+15 1.25%
Control vs. UMF+15 2.5%

Control vs. UMF+15 5%

Test details

Control vs. UMF+15 0.5%
Control vs. UMF+15 1.25%
Control vs. UMF+15 2.5%
Control vs. UMF+15 5%

1
4
0.05

Mean Diff.

3.278

17.97

4432

9526

Mean 1

100
100
100
100

95% Clof . . 5 )
diff Significant? Summary
0.0001583
t0 6.556 Yes :
ETE CR
S
) SE of
Mean 2 Mean Dhff. diff
96.72 3278 1.269
82.03 17.97 1.269
55.68 44 32 1.269
4736 9526 1.269

nl

12
12
12
12

12
12
12
12

2583
14.15
3491
75.05

DF

55
55
55
55
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Table 25: Thyme vs Control Day 1 (1lway ANOVA)

Table Analyzed

ANOVA summary

F

P value

P value summary

Are differences among means
statistically significant? (P = 0.035)
R square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard
deviations? (P < 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard
deviations? (P < 0.03)
ANOVA table

Treatment (between columns)

Residual (within columns)

Total

Data summary

Number of treatments (columns)
Number of values (total)

THYME vs Control Day 1

7163
=0.0001

A

Yes
09812

2339 (4, 55)
0.0664
ns

No

25.13
=0.0001

A

Yes
85
68402

1313
69715

60

DF

55
39

MS
17100
2387

F (DFn. DFd)
F (4, 55) =
716.3

P value
P < 0.0001
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Table 26: Thyme vs Control Day 1 (lway ANOVA Multiple Comparison)

Number of families 1
Number of comparisons per 4
famaly
Alpha 0.05
. E 0
Bcnferrgm s multiple Mean Diff 95 " Clof Significant?  § -
comparisons test diff.
Control vs. THYME 0.5% 9011 —lﬂ;’_lgl;[t}o ) Yes Ak
- -9.975 to

- {174 I £
Control vs. THYME 1.25% -4.824 0.3279 No ns
Control vs. THYME 2 5% 10.3 5.149t0 15.45 Yes AR
Control vs. THYME 3% 8198 76.83 to 87.13 Yes FrE
Test details Mean 1 Mean 2 Mean Daff. SE of diff. nl nl t DF
Control vs. THYME 0.5% 100 109 -9.011 1.995 12 12 43517 35
Control vs. THYME 1.25% 100 1048 -4 824 1.995 12 12 2418 35
Control vs. THYME 2 5% 100 897 103 1.995 12 12 5.164 35
Control vs. THYME 3% 100 18.02 8198 1.995 12 12 411 35
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Table 27: Thyme vs Control Day 2 (lway ANOVA)

Table Analyzed
ANOVA summary
F

P value

P value summary

Are differences among means statistically sigmficant? (P < 0.03)

E. square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard deviations? (P < 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
ANOVA table

Treatment (between columns)
Residual (within columns)
Total

Data summary

Number of treatments (columns)
Number of values (total)

THYME vs Control Day 2

8919
= 0.0001
L8 8 8
Yes
09848

2.911 (4, 55)
0.0295

*

Yes

2333
0.0001

WO

Yes
sS DFE MS

65101 4 17025

1050 55 19.09
69151 59

60

F (DFn. DFd)
F (4. 55) =
891.9

P value
P <
0.0001
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Table 28: Thyme vs Control Day 2 (lway ANOVA Multiple Comparison)

Number of families 1
Number of compansons per family :
Alpha 0.05

S0y e mm
Bonferrom's multiple companisons test Mean Duff. 3 ';igl of Slgm?ﬁ cant 8 v o
Control vs. THYME 0.5% 1.493 —3610193;0 No ns
Control vs. THYME 1.25% 6428 1'1812(13.;0 Yes o
Control vs. THYME 2.5% 1531 1?';3,}0 Yes b
Control vs. THYME 5% 8896 8436 1o Yes Rk

9357

Test details Mean 1 Mean 2 Mean Daff. Sfﬁ;f nl n?
Control vs. THYME 0.5% 100 98.51 1493 1.784 12 12
Control vs. THYME 1.25% 100 9357 6428 1.784
Control vs. THYME 2 5% 100 8469 1531 1.784 2 2
Control vs. THYME 5% 100 11.04 88.96 1.784 12 12

0.837
3.604
8584
4988

DF

33
35
35
35

Page 128 of 247



Table 29: Thyme vs Control Day 3 (lway ANOVA)

Table Analvzed

ANOVA summary

F

P value

P value summary

Are differences among means statistically significant? (P < 0.03)
R square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard deviations? (P < 0.05)
ANOVA table

Treatment (between columns)

Residual (within columns)

Total

Data summary

Number of treatments (columns)

Number of values (total)

THYME vs Control Day 3

1315
= 0.0001
HOHOHH
Yes
0.9897

8.158 (4. 53)
<0.0001

RO

Yes

60.58
< 0.0001
ok
Yes

S8 DF MS
78456 19614
8203 5 1492
79276

o+

Ll
p=}

Ln

60

F (DFn, DFd)
F (4, 55)=1315

P value
P =0.0001
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Table 30: Thyme vs Control Day 3 (lway ANOVA Multiple Comparison)

Number of families
Number of compansons per family
Alpha

Bonferrom's multiple comparisons test

Control vs. THYME 0.3%
Control vs. THYME 1.23%
Control vs. THYME 2.3%

Control vs. THYME 5%

Test details

Control vs. THYME 0.5%
Control vs. THYME 1.25%
Control vs. THYME 2.5%
Control vs. THYME 3%

Mean Daff.

2,78

1538

53.24

o477

Mean 1

100
100
100
100

95%

daff.

-1.291 to
6.852
1131to
1945
4917 to
5732
90.70 to
98 .84

Mean 2

9722
8462
46.76
5.228

Clof

Sigmficant
a

No
Yes
Yes

Yes

Mean Daff.

278
1538
53.24
o477

Summar
}?

ns

LS

0

0

nl

12
12
12
12

12
12
12
12

1.763
9.756
33.77
60.11

DF

La lh Lh Lh
La Lh Lh LA
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Table 31: Transform of LoVo IC50 with UMF+15 and Thyme honey.

Transform of UME+15 ICs,

log(inhibitor) vs. response -- Vanable slope
(four parameters)

Best-fit values
Bottom

Top

LogIC50

HillSlope

I1C50

Span

Std. Error

Bottom

Top

LogIC50

HillSlope

Span

95% Confidence Intervals
Bottom

Top

LogIC50

HillSlope

1C50

Span

Goodness of Fit
Degrees of Freedom
R square

Absolute Sum of Squares
Sv.x

Number of points
Analyzed

Cell Viability (%)

-1.169
101.5
04121
-3.037
2583
1027

6422
2877
0.03767
0.7675
7.543

-19.00 to 16.66
9352101095
0.3075 to 0.5167
-5.168 to -0.9066
2.030t03.286
81.741t0 1236

4
0.9908
1208
5.495

Transform of THYME ICsq

log(inhibitor) vs. response — Varable
slope (four parameters)

Best-fit values
Bottom

Top

LogIC50

HillSlope

IC30

Span

Std. Error

Bottom

Top

LoglIC350

HillSlope

Span

95% Confidence Intervals
Bottom

Top

LogIC350

HillSlope

IC30

Span

Goodness of Fit
Degrees of Freedom
R square

Absolute Sum of Squares
Sv.x

Number of points
Analyzed

Cell Viability (%)

0.6798
99.45
03629
-3.243
2306
98.77

3.052
1.636
0.01951
0.4591
3.699

-7.793 to0 9.153
9491 to 104.0
03087 to 0.4171
-4.517 to -1.969
2.036 to 2.613
88.50t0 109.0

4
0.997
3821
3.091
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Apoptotic effect of honey

1. Day 1 Control

Apoptosis Annexin V + Pl (151111) - Plot Sheet 1

[A] 55C Height / S55C Area

[Ungated] F5C Height / 55C Height
=T 1000} 4
BOD—~
& 3 oo
L =
3 R o]
200
o T T T T T
] 00 400 600 BOO 1000
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[B] F5C Height / FSC Area [C] FL1
1000 TR
PR 15
o 10
£ s ]
E S
5_
o T T T T T T - ]
i} 00 400 B0 B 1000 101 10° 0! 107 10°
FSC Height FL1
[C] FL4
5
L=}
]

Figure 27: Apoptosis annexin V + Pl data plot. Untreated LoVo cells for 24 hours

(Set 1).
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2. Day 1 Oxa
Apoptosis Annexin V + P1 (151111) - Plot Sheet 1
[Ungated] FSC Height / S5C Height [A] 55C Hoight / 55C Area

1000 e e ST 1000
a00-]
]
5 oo S
o =
R w0 :
200 .
o — — T T T o — T T T T T 1T
o 700 400 &00 200 1000 o 200 400 &00 &0 1000
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[B] FSC Height / FSC Area [C] FL1
1000 ) T ]
s00-{C/ ]
@ 00— e I
< | /ot § ]
5] CRl ]
i 00 L - ]
200 f ' “:
o+— 1 1 1 D‘-
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Figure 28: Apoptosis annexin V + Pl data plot. LoVo cells treated with oxaliplatin
for 24 hours (Set 1).
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3. Day 1 UMF 0.5

Apoptosis Annaxin V + Pl {151111) - Plot Sheet 1

[Ungated] FSC Height / SSC Height

[A] SSC Height / S5C Area

e i
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10—
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et
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Figure 29: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15

0.5% for 24 hours (Set 1).
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4. Day 1 UMF 1.25
Apoptosis Annexin V + PI (151111) - Plot Sheet 1
[Ungated] FSC Height / S5C Height [A] S5C Height / 55C Area
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1000 B T |
10
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S
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Figure 30: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
1.25% for 24 hours (Set 1).
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5. Day 1 UMF 2.5
Apoptosis Annexin V + Pl {151111) - Plot Sheeot 1
[Ungated] FSC Height 7 S5C Height [A] S5C Height / 55C Area
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Count
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Figure 31: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
2.5% for 24 hours (Set 1).
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6. Day 1 THYME 0.5
Apoptosis Annexin V + PI (151111) - Plot Sheet 1

[Ungated] FSC Height / S5C Height [A] S5C Height ¢ 55C Area
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10
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Count
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Figure 32: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme
0.5% for 24 hours (Set 1).
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S5C Height

FSC Area

7. Day 1 THYME 1.25

Apoptosis Annexin V + PI {151111) - Plot Sheet 1

[Ungated] FSC Height / S5C Height
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Figure 33: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme
1.25% for 24 hours (Set 1).
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8. Day 1 THYME 2.5
Apoptosis Annexin V + Pl (151111) - Plot Sheet 1
[Ungated] FSC Height ¢ S5C Height [A] S5C Height / 55C Arca
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Figure 34: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme
2.5% for 24 hours (Set 1).
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1. Day 2 Control
Apoptosis Annexin V + PI (151111) - Plot Sheet 1

[Ungated] FSC Height / S5C Height [A] S5C Height / 55C Arca
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Figure 35: Apoptosis annexin V + Pl data plot. Untreated LoVo cells for 48 hours
(Set 1).
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2. Day 2 Oxa (2)

Apoptosis Annexin V + PI {(151111) - Plot Sheet 1
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Figure 36: Apoptosis annexin V + Pl data plot. LoVo cells treated with oxaliplatin

for 48 hours (Set 1).
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3. Day 2 UMF 0.5
Apoptosis Annexin V + Pl (151111) - Plot Sheeot 1

[Ungated] FSC Height / 55C Height

1000 - e
&00
)
& s00
[
T
2 0
00
o
4] 00 S G0o0 800 1000
F5C Height
[B] FSC Hoight / F5C Arca
1000 AT S
e
&
T
L
i
O — 1
1] 00 400 &00n 800 1000
FSC Height
[C] FL4
e
{ =
- |
38

SSC Area

Count

1000

&S00~

600

Z00—

[A] S5C Height /7 S5C Area

Rl

15

10+

200 400 600 500 1000
SSC Height
[C] FL1
1o 10° 101 10¢ 102
FL1

Figure 37: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15

0.5% for 48 hours (Set 1).
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S5C Height

FSC Area

Count

4. Day 2 UMF 1.25

Apoptosis Annexin ¥V + PI (151111) - Plot Sheet 1
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Figure 38: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
1.25% for 48 hours (Set 1).
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5. Day 2 UMF 2.5 (2)
Apoptosis Annexin V + PI (151111) - Plot Sheset 1
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Figure 39: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
2.5% for 48 hours (Set 1).
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6. Day 2 THYME 0.5
Apoptosis Annexin V + Pl (151111) - Plot Sheet 1
[Ungated] FSC Height / S5C Height [A] S5C Height / S5C Area
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Figure 40: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme
0.5% for 48 hours (Set 1).
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7. Day 2 THYME 1.25

Apoptosis Annexin V + Pl {151111) - Plot Sheet 1
[A] 55C Height / 55C Area
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Figure 41: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme
1.25% for 48 hours (Set 1).
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&. Day 2 THYME 2.5

Apoptosis Annaxin V + PI (151111) - Plot Shest 1
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Figure 42: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme
2.5% for 48 hours (Set 1).
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1. Day 3 Control
Apoptosis Annexin V + Pl (151111) - Plot Sheet 1
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Figure 43: Apoptosis annexin V + Pl data plot. Untreated LoVo cells for 72 hours
(Set 1).
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2. Day 3 Oxa
Apoptosis Annexin V + PI (151111) - Plot Sheet 1
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Figure 44: Apoptosis annexin V + Pl data plot. LoVo cells treated with oxaliplatin

for 72 hours (Set 1).
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3. Day 3 UMF 0.5

Apoptosis Annexin ¥V + PI {151111) - Plot Sheet 1
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Figure 45: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15

0.5% for 72 hours (Set 1).
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4. Day 3 UMF 1.25 (2)
Apoptosis Annexin V + PI (151111) - Plot Sheet 1
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Figure 46: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
1.25% for 72 hours (Set 1).
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5. Day 3 UMF 2.5
Apoptosis Annexin V + PI (151111) - Plot Shoot 1
[Ungated] FSC Height / S5C Height [A] SSC Height 7 S5C Area
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Figure 47: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
2.5% for 72 hours (Set 1).
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6. Day 3 THYME 0.5

Apoptosis Annexin V + Pl (151111) - Plot Sheet 1
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Figure 48: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme

0.5% for 72 hours (Set 1).
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7. Day 3 THYME 1.25

Apoptosis Annexin V + PI (151111) - Plot Sheet 1
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Figure 49: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme

1.25% for 72 hours (Set 1).
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8. Day 3 THYME 2.5

Apoptosis Annexin V + PI {151111) - Plot Sheet 1
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Figure 50: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme

2.5% for 72 hours (Set 1).
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Figure 51: Apoptosis annexin V + Pl data plot. Untreated LoVo cells for 24 hours

(Set 2).
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2. Day 1 Oxa
Day 1 Protocol - Plot Sheet 1
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Figure 52: Apoptosis annexin V + Pl data plot. LoVo cells treated with oxaliplatin
for 24 hours (Set 2).
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3. Day 1 UMF 0.5
Day 1 Protocol - Plot Sheot 1
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Figure 53: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
0.5% for 24 hours (Set 2).
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4. Day 1 UMF 1.25
Day 1 Protocol - Plot Shest 1
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Figure 54: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
1.25% for 24 hours (Set 2).

Page 159 of 247



5. Day 1 UMF 2.5
Day 1 Protocol - Plot Sheet 1
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Figure 55: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15

2.5% for 24 hours (Set 2).
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6. Day 1 THYME 0.5
Day 1 Protocol - Plot Shesat 1
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Figure 56: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme
0.5% for 24 hours (Set 2).
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7. Day 1 THYME 1.25

Day 1 Protocol - Plot Sheet 1
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Figure 57: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme

1.25% for 24 hours (Set 2).
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8. Day 1 THYME 2.5

Day 1 Protocol - Plot Sheet 1
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Figure 58: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme

2.5% for 24 hours (Set 2).
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1. Day 2 Control
Day 2 Protocol - Plot Sheet 1
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Figure 59: Apoptosis annexin V + Pl data plot. Untreated LoVo cells for 48 hours
(Set 2).
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2. Day 2 Oxa

Day 2 Protocol - Plot Sheet 1
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Figure 60: Apoptosis annexin V + Pl data plot. LoVo cells treated with oxaliplatin
for 48 hours (Set 2).
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3. Day 2 UMF 0.5
Day 2 Protocol - Plot Sheet 1
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Figure 61: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15

0.5% for 48 hours (Set 2).
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4. Day 2 UMF 1.25
Day 2 Protocol - Plot Shest 1
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Figure 62: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
1.25% for 48 hours (Set 2).
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5. Day 2 UMF 2.5

Day 2 Protocol - Plot Sheet 1
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Figure 63: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15

2.5% for 48 hours (Set 2).
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6. Day 2 THYME 0.5
Day 2 Protocol - Plot Sheet 1
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Figure 64: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme
0.5% for 48 hours (Set 2).
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7. Day 2 THYME 1.25

Day 2 Protocol - Plot Sheet 1
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Figure 65: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme

1.25% for 48 hours (Set 2).
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8. Day 2 THYME 2.5
Day 2 Protocol - Plot Sheet 1
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Figure 66: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme
2.5% for 48 hours (Set 2).
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1. Day 3 Control
Day 3 Protocol - Plot Sheet 1
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Figure 67: Apoptosis annexin V + Pl data plot. Untreated LoVo cells for 72 hours
(Set 2).
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2. Day 3 Oxa
Day 3 Protocol - Plot Sheet 1
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Figure 68: Apoptosis annexin V + Pl data plot. LoVo cells treated with oxaliplatin
for 72 hours (Set 2).
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3. Day 3 UMF 0.5
Day 3 Protocol - Plot Sheat 1
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Figure 69: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15

0.5% for 72 hours (Set 2).
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4. Day 3 UMF 1.25
Day 3 Protocol - Plot Sheet 1
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Figure 70: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
1.25% for 72 hours (Set 2).
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5. Day 3 UMF 2.5
Day 3 Protocol - Plot Sheet 1
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Figure 71: Apoptosis annexin V + Pl data plot. LoVo cells treated with UMF+15
2.5% for 72 hours (Set 2).

Page 176 of 247



[Ungated] FSC Height / SSC Height

6. Day 3 THYME 0.5
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Figure 72: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme

0.5% for 72 hours (Set 2).
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7. Day 3 THYME 1.25
Day 3 Protocol - Plot Sheet 1
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Figure 73: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme

1.25% for 72 hours (Set 2).
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8. Day 3 THYME 2.5
Day 3 Protocol - Plot Sheet 1
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Figure 74: Apoptosis annexin V + Pl data plot. LoVo cells treated with Thyme

2.5% for 72 hours (Set 2).
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WIDr raw data section

Anti-proliferative effect of honey
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Cells were treated with UMF+15 from 0.5% to 5%

for 24, 48 and 72 hours. Data were obtained as
means + standard errors (n=6).

Figure 75: Absorbance at 540nm vs time (24

hours, 48 hours and 72 hours) on WiDr cells
(Set 1).

Cells were treated with UMF+15 from 0.5% to 5%

for 24, 48 and 72 hours. Data were obtained as
means + standard errors (n=6).

Figure 76: Absorbance at 540nm vs time (24

hours, 48 hours and 72 hours) on WiDr cells
(Set 2).
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Figure 77: Absorbance at 540nm vs time (24
hours, 48 hours and 72 hours) on WiDr cells
(Set 1).

Cells were treated with Thyme from 0.5% to 5% for

24, 48 and 72 hours. Data were obtained as means

standard errors (n=6).

Figure 78: Absorbance at 540nm vs time (24
hours, 48 hours and 72 hours) on WiDr cells
(Set 2).

Cells were treated with Thyme from 0.5% to 5% for

24, 48 and 72 hours. Data were obtained as means +

standard errors (n=6).
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Figure 79: Cell viability (%) vs time
(24 hours) on WiDr cells (Set 1).

Data were obtained as means *

standard errors (n=6).

Figure 80: Cell viability (%) vs time
(48 hours) on WiDr cells (Set 1).

Data were obtained as means *

standard errors (n=6).
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Figure 83: Cell viability (%) vs time (48
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260
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Figure 84: Cell viability (%) vs time
" Croxa (72 hours) on WiDr cells (Set 2).
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BUMF+15 (2.5%) errors (n=6).
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Statistical data analysis by Prism
Table 32: Control Comparison (lway ANOVA)

Table Analyzed

ANOVA summary

F

P value

P value summary

Are differences among means statistically significant? (P < 0.05)
R square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
ANOVA table

Treatment (between columns)

Residual (within columns)

Total

Data summary

Number of treatments (columns)
Number of values (total)

Control Comparison

2399
=0.0001
e e e e
Yes
0.9356

8.764 (2. 33)
0.0009

R

Yes

4.06
0.1313
ns
No
S8 DF MS

33.66 16.83

g

2315 33 0.07016
3598 35

36

F (DFn, DFd)
F(2.33)=
239.9

P value
P=
0.0001

Page 185 of 247



Table 33: Control Comparison (1way ANOVA Multiple Comparison)

Number of families
Number of comparisons per family

Alpha

Dunnett's multiple comparisons test

Control (Day 1) vs. Control (Day 2)

Control (Day 1) vs. Control (Day 3)

Test details

Control (Day 1) vs. Control (Day 2)
Control (Day 1) vs. Control (Day 3)

0.05

Mean Diff.

-0.8367

-2.337

Mean 1

1.067
1.067

95% CI of
diff.

-1.087 to -
0.5869
-2.587 to -
2.088

Mean 2

1.904
3.405

Significant?

Yes

Yes

Mean Dhiff.

-0.8367
-2.337

Summary
e
ook
SE of ol
diff.
0.1081 12
0.1081 12

12
12

1.737
21.61

DF

33
33
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Table 34: UMF+15 vs Control Day 1 (1way ANOVA)

Table Analyzed
ANOVA summary
F

P value

P value summary

Are differences among means statistically significant?

(P=10.05)

E square

Brown-Forsythe test

F (DFn, DEd)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
ANOVA table

Treatment (between columns)
Residual (within columns)

Total

Data summary

Number of treatments (columns)
Number of values (total)

UMF+15 ws Control Day 1

171.9
=0.0001

e

Yes
0.9259

1.196 (4, 535)
0.3228
ns
No

5238
0.2638

ns

S5 DF MS
28370

Eo

7092

2270
30640

41.27

[
MO oLh

60

F (DFn, DFd)
F(4.55) =
1719

P value
P=0.0001
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Table 35: UMF+15 vs Control Day 1 (lway ANOVA Multiple Comparison)

Number of families 1
Number of comparisons per 4
famaly
Alpha 0.03
. . <o
Bonferront's multiple Mean Diff 95% Cl of Significant? S v
comparisons test duff.
Control vs. UMF+15 0.5% -9.097 _152832;0 - Yes w®
Control vs. UMF+15 1.25% -11.89 _1*2.6;6;;0 - Yes E
Control vs. UMF+13 2.3% 1.884 _45';868;,"0 No ns
Control vs. UMF+15 5% 48 4%'22 to Yes EEEE
5477
Test details Mean 1 Mean 2 Mean Diff SE of diff. nl n2 t DF
Control vs. UMF+15 0.3% 100 109.1 -9.097 2.623 12 12 3.469 35
Control vs. UMF+15 1.25% 100 1119 -11.89 2623 12 12 4.532 35
Control vs. UMF+15 2.5% 100 98.12 1.884 2.623 12 12 0.7183 35
Control vs. UMF+153 3% 100 32 48 2623 12 12 183 35
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Table 36: UMF+15 vs Control Day 2 (lway ANOVA)

Table Analyzed
ANOVA summary
F

P value

P value summary

Are differences among means statistically significant? (P < 0.03)

R square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
ANOVA table

Treatment (between columns)
Residual (within columns)
Total

Data summary

Number of treatments (columns)
Number of values (total)

UME+15 vs Control Day 2

1779
=0.0001

2 2

Yes
09283

1.928 (4. 55)
0.1188
ns

No

6.654
0.1553

S8 DF MS
25280 4 6320

1954 55 35.53
27234 59

LM

60

F (DFn. DFd)
F (4.55) =
1779

P value
P<
0.0001
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Table 37: UMF+15 vs Control Day 2 (lway ANOVA Multiple Comparison)

Number of families
Number of comparisons per family 4
Alpha 0.03
o
Bonferront's multiple comparisons test Mean Diff 9 ’;ii{;fl of
-4.193 to
i 114
Control vs. UMF+15 0.5% 2.092 8376
Control vs. UMF+15 1.25% 4519 L
Control vs. UMF+15 2.5% 2198 13_681;0
2825
- 4834 to
o 0.
Control vs. UMF+15 3% 54.63 6091
Test details Mean 1 Mean 2
Control vs. UMF+15 0.5% 100 9791
Control vs. UMF+15 1.25% 100 9548
Control vs. UMF+15 2.5% 100 78.04
Control vs. UMF+15 3% 100 4537

Significant?

No
Yes

Yes

Mean Duff.

2092
4519
2196
54.63

Summary

ns

ns

L 2]

L 2]

SE of
diff.

2433
2.433
2433
2433

nl

12
12
12
12

12
12
12
12

t DFE
0.8596 35
1.857 55
9.026 35
2245 35
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Table 38: UMF+15 vs Control Day 3 (lway ANOVA)

Table Analyzed
ANOVA summary
F

P value

P value summary

Are differences among means statistically significant? (P < 0.03)

E square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
ANOVA table

Treatment (between columns)
Residual (within columns)
Total

Data summary

Number of treatments (columns)
Number of values (total)

UMFE+15 vs Control Day 3

761.7
=(0.0001
S
Yes
0.9823

4771 (4, 55)
0.0022

L

Yes

28.22
=0.0001
EEE T
Yes
58 DF

MS
13207
17.34

F (DFn. DFd)
F (4, 55) =
761.7

P value
P=
0.0001
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Table 39: UMF+15 vs Control Day 3 (lway ANOVA Multiple Comparison)

Number of families
Number of compansons per family 4
Alpha 0.05

0.
Bonferromi's multiple comparisons test Mean Diff % gif(‘:fl of Significant? Summary
Control vs. UMF+13 0.5% 1.627 —2(.57"06 13 ?to No ns
Control vs. UMF+15 1.25% 4459 oogﬁgg; to Yes ®
Control vs. UMF+15 2 5% 3297 2858103736 Yes HEAE
Control vs. UMF+15 5% 77.53 73.14 10 81.92 Yes HEAE
Test details Mean 1 Mean 2 Mean Daff SdEif;.)f nl n2 t DF
Control vs. UMF+15 0.5% 100 9837 1.627 1.7 12 12 09571 55
Control vs. UMF+15 1.25% 100 95 54 4459 17 12 12 2623 55
Control vs. UMF+15 2 5% 100 67.03 3297 17 12 12 194 55
Control vs. UMF+13 3% 100 2247 7753 1.7 12 12 45.61 35
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Table 40: Thyme vs Control Day 1 (lway ANOVA)

Table Analyzed
ANOVA summary
F

P value

P value summary

Are differences among means statistically significant? (P <

0.03)

E square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard deviations? (P < 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard deviations? (P < 0.03)
ANOVA table

Treatment (between columns)

Residual (within columns)

Total

Data summary

Number of treatments (columns)

Number of values (total)

THYME vs Control Day 1

775.9
= 0.0001

O

Yes
0.9826

3.291 (4, 55)
0.0173

*

Yes

194
0.0007

O

Yes

S5 DF MS

770935 4 19274

1366 35 24 84
78462 59

60

F (DFn, DFd)
F (4,55)=775.9

P value
P =0.0001
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Table 41: Thyme vs Control Day 1 (lway ANOVA Multiple Comparison)

Number of families
Number of comparisons per fanuly

Alpha

Bonferroni's multiple comparisons
test

Control vs. THYME 0.3%
Control vs. THYME 1.25%

Control vs. THYME 2.3%
Control vs. THYME 5%

Test details

Control vs. THYME 0.3%
Control vs. THYME 1.25%
Control vs. THYME 2.3%
Control vs. THYME 3%

Mean Diff.

-10.04
-5.847

6.045
86.12

Mean 1

100
100
100
100

95% CI of diff.

-15.30 to -4.790

-11.10 to -
0.5926

0.7906 to 11.30
80.86 to 91.37

Mean 2

110
105.8
9395
13.88

Sigmificant?

Yes
Yes

Yes
Yes

Mean Diff.

-10.04
-5.847
6.045
86.12

Summary

LT T

LT T

SE of diff.

2033
2033
2035
2035

nl

12
12
12
12

12
12
12
12

4.937
2.874
297
4233

DF

LM LA
LM LA

L LS
L LS
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Table 42: Thyme vs Control Day 2 (lway ANOVA)

Table Analyzed

ANOVA summary

F

P value

P value summary

Are differences among means statistically sigmificant? (P < 0.03)
R square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
ANOVA table

Treatment (between columns)

Residual (within columns)

Total

Data summary

Number of treatments (columns)

Number of values (total)

THYME vs Control Day 2

7422
=0.0001
W
Yes
0.9818

3.498 (4. 55)
0.0129

*

Yes

38.05
=0.0001
ok
Yes
S8 DF MS
83307 4 20827
1543 33 28.06
84850 59

60

F (DFn, DFd)
F(4.55)=7422

P value
P =0.0001
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Table 43: Thyme vs Control Day 2 (1lway ANOVA Multiple Comparison)

Number of families 1
Number of comparisons per fanuly 4
Alpha 0.05

. . . . 95% CI of .
Bonferroni's multiple comparisons test Mean Diff. Giff Significant? Summary
Control vs. THYME 0.5% -7.035 ) 121'?%{;0 ) Yes w*
Control vs. THYME 1.25% 4267 _gigéa{zgm No 1s
Control vs. THYME 2.5% 15.68 lg.lﬁggo Yes HEAE
Control vs. THYME 5% 92.15 865710 Yes HAAE

97.74

Test details Mean 1 Mean 2 Mean Diff. SdEifgf nl n2 t DF
Control vs. THYME 0.5% 100 107 -7.035 2.163 12 12 3.253 55
Control vs. THYME 1.25% 100 104.3 -4.267 2.163 12 12 1.973 55
Control vs. THYME 2.5% 100 8432 15.68 2.163 12 12 7.249 55
Control vs. THYME 5% 100 7.846 92.15 2.163 12 12 42.61 55
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Table 44: Thyme vs Control Day 3 (lway ANOVA)

Table Analyzed
ANOVA summary
F

P value

P value summary

Are differences among means statistically significant? (P < 0.03)

E square

Brown-Forsythe test

F (DFn, DFd)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
Bartlett's test

Bartlett's statistic (corrected)

P value

P value summary

Significantly different standard deviations? (P = 0.03)
ANOVA table

Treatment (between columns)

Residual (within columns)

Total

Data summary

Number of treatments (columns)

Number of values (total)

THYME vs Control Day 3

1223
=(.0001
O
Yes
0.9889

4563 (4. 55)
0.003

o

Yes

5042
=0.0001
B R
Yes
58 DF MS

78818 4 19705
8863 55 16.11
79704 59

60

F (DFn, DFd)
F (4.55)=1223

P value
P =0.0001
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Table 45: Thyme vs Control Day 3 (1lway ANOVA Multiple Comparison)

Number of families 1
Number of comparisons per family 4
Alpha 0.05
S0
Bonferrom's multiple comparisons test Mean Duff 95 :-_Iljigl of Significant? Summary
Control vs. THYME 0.5% 1623 A No ns
Control vs. THYME 1.25% 3.48 OB No ns
Control vs. THYME 2.5% 2895 2;3?%;0 Yes EAER
Control vs. THYME 5% 9515 9092 to Yes xrxn
9939
) i SE of
Test details Mean 1 Mean 2 Mean Diff. diff nl n2 t DF
Control vs. THYME 0.5% 100 9838 1623 1.639 12 12 0.9904 53
Control vs. THYME 1.25% 100 96.52 348 1.639 12 12 2.123 53
Control vs. THYME 2.5% 100 71.05 2895 1.639 12 12 17.66 53
Control vs. THYME 5% 100 4 846 9515 1.639 12 12 58.06 53

Page 198 of 247



Table 46: Transform of WiDr IC50 with UMF+15 and Thyme honey.

parameters)

Best-fit values
Bottom

Top

LoglCs0

HillSlope

I1C50

Span

Std. Error

Bottom

Top

LoglC30

HillSlope

Span

95% Confidence Intervals
Bottom

Top

LogICs0

HillSlope

IC50

Span

Goodness of Fit
Degrees of Freedom
E square

Absolute Sum of Squares
Sv.x

Number of points
Analvzed

Transform of UMF+15 ICs,
log(inhibitor) vs. response —- Variable slope (four

Cell Viability (%)

-1.159
101.8
0.5175
-2.57
3.292
103

2165
0.657
0.01224
0.1464
2397

-7.170 to 4 851
100.0 to 1037
04835 to 0.5515
-2.977 to -2.164
3.045 to 3.560
96.35 to 109.7

4
0.9994
6333
1258

(four parameters)
Best-fit values
Bottom

Top

LogICs0

HillSlope

IC50

Span

Std. Error

Bottom

Top

LogIC350

HillSlope

Span

95% Confidence Intervals
Bottom

Top

LogIC50

HillSlope

IC30

Span

Goodness of Fit
Degrees of Freedom
E. square

Absolute Sum of Squares
Swv.ox

Number of points
Analvzed

Transform of THYME ICs,
log(inhibitor) vs. response - Variable slope

Cell Viability (%)

3.683
9831
0.4473
-8.596
2.801
94.62

1.386
0.6248
0.02577
4.347
1.555

-0.1641 to 7.531
96.57 to 100.0
03757 t0 05188
-20.66to 3.472
2373103302
90.30 to0 98.94

4
0.9994
7.725
1.39
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Apoptosis effect of honey

1. Day 1 Control
Day 1 Protocol - Plot Sheet 1

[Ungated] FSC Height / SSC Haight

[A] SSC Height / SSC Area
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Figure 85: Apoptosis annexin V + Pl data plot. Untreated WiDr cells for 24 hours

(Set 1).
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2. Day 1 Oxa
Day 1 Protocol - Plot Sheet 1
[A] 55C Height / SSC Area
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Figure 86: Apoptosis annexin V + Pl data plot. WiDr cells treated with oxaliplatin
for 24 hours (Set 1).
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3. Day 1 UMF 0.5

Day 1 Protocol - Plot Sheet 1
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Figure 87: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15

0.5% for 24 hours (Set 1).
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4. Day 1 UMF 1.25
Day 1 Protocol - Plot Sheet 1
[Ungated] FSC Height / S5C Height
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Figure 88: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15

1.25% for 24 hours (Set 1).
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5. Day 1 UMF 2.5
Day 1 Protocol - Plot Sheet 1
[Ungated] FSC Height / S5C Height
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Figure 89: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15

2.5% for 24 hours (Set 1).
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6. Day 1 THYME 0.5

Day 1 Protocol - Plot Sheet 1

[Ungated] FSC Height / 55C Height

1000 o —
E
on
7]
i
7
T
1000
F5C Height
[B] FSC Height / FSC Area
1000 R
3
=
U
i
o — 1 — 1 1
1] 200 40 &00 800 1000
F5C Height
[C] FL4
et
=
=
S
W ;
1° 107 10¢ 10}
FL4

S5C Area

;

1000

200

8
|

100+

[A] S5C Height / 55C Area

o

107

] 200 400 600 800 1000
5SC Height
[C] FL1
101 109 10! 108
FL1

Figure 90: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme

0.5% for 24 hours (Set 1).
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7. Day 1 THYME 1.25
Day 1 Protocol - Plot Sheet 1
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Figure 91: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme

1.25% for 24 hours (Set 1).
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&. Day 1 THYME 2.5

Day 1 Protocol - Plot Sheet 1
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Figure 92: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme

2.5% for 24 hours (Set 1).
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1. Day 2 Control
Day 2 Protocol - Plot Sheot 1
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Figure 93: Apoptosis annexin V + Pl data plot. Untreated WiDr cells for 48 hours

(Set 1).
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2. Day 2 Oxa
Day 2 Protocol - Plot Sheet 1
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Figure 94: Apoptosis annexin V + Pl data plot. WiDr cells treated with oxaliplatin
for 48 hours (Set 1).
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3. Day 2 UMF 0.5
Day 2 Protocol - Plot Sheet 1
[Ungated] FSC Height / S5C Height [A] S5C Height / 55C Area
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Figure 95: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15
0.5% for 48 hours (Set 1).
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4. Day 2 UMF 1.25
Day 2 Protocol - Plot Sheet 1
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Figure 96: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15
1.25% for 48 hours (Set 1).
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Figure 97: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15
2.5% for 48 hours (Set 1).
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Figure 98: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme

0.5% for 48 hours (Set 1).
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Figure 99: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme

1.25% for 48 hours (Set 1).
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Figure 100: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme
2.5% for 48 hours (Set 1).
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Figure 101: Apoptosis annexin V + Pl data plot. Untreated WiDr cells for 72 hours

(Set 1).
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Figure 102: Apoptosis annexin V + Pl data plot. WiDr cells treated with

oxaliplatin for 72 hours (Set 1).
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Figure 103: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15
0.5% for 72 hours (Set 1).
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Figure 104: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15
1.25% for 72 hours (Set 1).
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Figure 105: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15
2.5% for 72 hours (Set 1).
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Figure 106: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme

0.5% for 72 hours (Set 1).
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Figure 107: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme
1.25% for 72 hours (Set 1).
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Figure 108: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme

2.5% for 72 hours (Set 1).
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Figure 109: Apoptosis annexin V + Pl data plot. Untreated WiDr cells for 24 hours

(Set 2).
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Figure 110: Apoptosis annexin V + Pl data plot. WiDr cells treated with oxaliplatin
for 24 hours (Set 2).
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Figure 111: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15
0.5% for 24 hours (Set 2).
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Figure 112: Apoptosis annexin V + PI data plot. WiDr cells treated with UMF+15
1.25% for 24 hours (Set 2).
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Figure 113: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15

2.5% for 24 hours (Set 2).
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Figure 114: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme
0.5% for 24 hours (Set 2).
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Figure 115: Apoptosis annexin V + PI data plot. WiDr cells treated with Thyme

1.25% for 24 hours (Set 2).
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Figure 116: Apoptosis annexin V + Pl data plot. WiDr cells treated with THYME
2.5% for 24 hours (Set 2).

Page 231 of 247



1. Day 2 Control

Day 2 Protocol - Plot Sheet 1

1000

so0-{ -

&o0—-

55C Height

200

[Ungated] FSC Heoigh

t / S5C Height

o 200 400 600 800 1000
FSC Height
[B] FSC Height 7 F5C Area
10004 — T
5
=
o
rid
o 1 t 1 1 1 1
o 200 400 600 800 1000
FSC Height
[C] FL4
e
=
- |
S
'| Sl : :
10° 10 10° 10?
FL4

Count

[4] 55C Height / 55C Area
: e

1000

S00—

T T T T
00 00 G600 800 1000

S5C Height
[C] FL1

0+

10+

10° 10?

Figure 117: Apoptosis annexin V + Pl data plot. Untreated WiDr cells for 48 hours

(Set 2).
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Figure 118: Apoptosis annexin V + Pl data plot. WiDr cells treated with oxaliplatin
for 48 hours (Set 2).
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Figure 119: Apoptosis annexin V + PI data plot. WiDr cells treated with UMF+15
0.5% for 48 hours (Set 2).
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Figure 120: Apoptosis annexin V + Pl data plot. WiDr cells treated with UMF+15
1.25% for 48 hours (Set 2).
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Figure 121: Apoptosis annexin V + PI data plot. WiDr cells treated with UMF+15

2.5% for 48 hours (Set 2).
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Figure 122: Apoptosis annexin V + PI data plot. WiDr cells treated with Thyme

0.5% for 48 hours (Set 2).
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Figure 123: Apoptosis annexin V + PI data plot. WiDr cells treated with Thyme
1.25% for 48 hours (Set 2).
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Figure 124: Apoptosis annexin V + PI data plot. WiDr cells treated with Thyme

2.5% for 48 hours (Set 2).
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Figure 125: Apoptosis annexin V + Pl data plot. Untreated WiDr cells for 72 hours
(Set 2).
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Figure 126: Apoptosis annexin V + Pl data plot. WiDr cells treated with oxaliplatin

for 72 hours (Set 2).
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Figure 127: Apoptosis annexin V + PI data plot. WiDr cells treated with UMF+15
0.5% for 72 hours (Set 2).
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Figure 128: Apoptosis annexin V + PI data plot. WiDr cells treated with UMF+15
1.25% for 72 hours (Set 2).
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Figure 129: Apoptosis annexin V + PI data plot. WiDr cells treated with UMF+15

2.5% for 72 hours (Set 2).
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[Ungated] FSC Height / S5C Height

6. Day 3 THYME 0.5
Day 3 Protocol - Plot Sheet 1
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Figure 130: Apoptosis annexin V + PI data plot. WiDr cells treated with Thyme

0.5% for 72 hours (Set 2).
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7. Day 3 THYME 1.25
Day 3 Protocol - Plot Sheet 1
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Figure 131: Apoptosis annexin V + PI data plot. WiDr cells treated with Thyme
1.25% for 72 hours (Set 2).
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8. Day 3 THYME 2.5
Day 3 Protocol - Plot Sheeot 1
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Figure 132: Apoptosis annexin V + Pl data plot. WiDr cells treated with Thyme
2.5% for 72 hours (Set 2).
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