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ABSTRACT 

 

Honey is a sweet and readily assimilable carbohydrate compound produced by bees using 

nectar from flowers. It possesses several properties, including anti-bacterial, anti-fungal, 

immunostimulatory, anti-inflammatory, antioxidant and gastroprotective activities. Medical 

honey is useful in the healing of wounds and burns, in particular New Zealand manuka 

honey, which is widely used for this purpose in hospitals in Western countries. There is a 

resurgence in the use of medical honey to heal wounds due to the growing clinical problem of 

antibiotic-resistant bacteria. Manuka honey dressings have been approved for use as medical 

devices by the Food and Drug Administration (FDA), in the treatment of wounds and burns. 

Nevertheless, our poor understanding of the bioactives in honey, their properties, and their 

distribution within different floral varieties of honey, is a major obstacle to optimizing the 

application of honey for medical purposes.  

 

This study investigated the immunomodulatory properties of honey. A better understanding 

of how honey affects the immune response will lead to advances in its application to treat 

wounds and infections. The aim of this study was to investigate the mechanisms by which 

honey exerts its immunomodulatory activities, and to identify the bioactives responsible. 

Honey arabinogalactans proteins (AGPs) were  partially characterized for their ability to 

stimulate the release of tumour necrosis factor (TNF)-α from macrophages during my MSc 

study, and remained a major focus of this study.  

 

A central question addressed in various sections of the thesis was “what contribution does 

lipopolysaccharide (LPS) make to the immunostimulatory activity of honey?” LPS and honey 

AGPs were shown to share various properties including binding to polymyxin B (PmB), heat 

stability, and inhibition by lactoferrin which confounds analyses. In contrast, irradiation 

reduced the immunostimulatory activity of LPS, but had no effect on the immunostimulatory 

activity of honey. The latter could arise if honey contains components that protect against the 

effects of radiation. New Zealand kanuka, manuka and clover honeys and LPS induced the 

release of TNF-α, interleukin (IL)-1β, and IL-6 from monocytes, whereas LPS induced the 

release of a far greater number of different cytokines and growth factors, suggesting LPS is 

less selective in its mechanism of activation.  
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The active moiety of kanuka honey AGPs could be released by phospholipase C from kanuka 

honey AGPs that had been bound to polymixin B (PmB) conjated agarose, unlike that of LPS 

where the active component is the lipid A moiety that cannot be cleaved by phospholipase C. 

 

This study quantified the levels of AGPs in different floral varieties of New Zealand honeys, 

revealing that kanuka honey has the highest AGP content, followed by manuka, and then 

clover honey. Royal Jelly had no detectable AGP content.  The three New Zealand honeys 

stimulated the release of very similar levels of TNF-α from blood monocytes. In contrast, 

Royal Jelly failed to stimulate TNF-α release. Honey AGPs were shown to be structurally 

different from gum arabic AGPs, as evidenced by their different migration patterns in crossed 

gel electrophoresis.  

 

Apisimin, a short 5.8 kDa polypeptide secreted from the head glands of honey bees, was 

identified as a novel immunostimulatory component of honey. Quantification using 

especially prepared anti-apisimin antisera revealed that kanuka honey has the highest content 

of apisimin, followed by manuka, and then clover honey. Apisimin synergized with honey 

AGPs to stimulate the release of TNF-α from fresh blood leukocytes. Thus, while honey 

AGPs and apisimin individually have comparatively low immunostimulatory activity, when 

combined together their activity provides a considerable contribution to the overall 

immunostimulatory activity of honey. In contrast, apisimin did not synergize with gum arabic 

AGPs. 

 

New Zealand commercial honeys and the “international” honeys were compared for their 

ability to stimulate monocytes. All the honeys, except for a Malaysian “amber honey” 

stimulated the release of TNF-α from monocytes. However, they differed greatly in their 

immunostimulatory activity presumably due to their content of different amounts of 

bioactives. Amber honey appeared to lack proteins altogether, including the major 

apalbumins, suggesting it had been adulterated or concocted. 

 

This study compared the gel clot and chromogenic Limulus amoebocyte lysate (LAL) assays 

for their ability to measure endotoxin levels in Medihoneys. The data revealed that endotoxin 

levels obtained using the chromogenic method were overall much lower (up to 45-fold less) 
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than those obtained using the gel clot assay. The reason for such large differences in 

measurement warrants further investigation as it is an issue that is highly relevant for the 

quality control of medical honeys. 

 

New Zealand honeys were shown to stimulate TNF-α release from monocytes in a Toll-like 

receptor (TLR)1/2-dependent fashion, and also potentially in a TLR-4-dependent fashion if 

the marked effects of the TLR4 antagonists CLI-095 and LPS-RS are due to antagonism 

rather than cytotoxicity.  

 

Finally, the honey components methylglyoxal (MGO) and chrysin were shown to be potent 

immune suppressors capable of antagonizing the immunostimulatory activities of honey 

AGPs and apisimin. Thus, the overall immunoregulatory property of a particular honey 

depends upon a balance between its components that are immunostimulatory and those that 

are immunosuppressive.  

 

A pilot study was designed to determine ability of commercial honey products to release 

cytokines and growth factors from the oral cavity, and to deplete the caries-forming bacteria 

Streptococcus mutans and Lactobacilli. Ethics approval was obtained to test the response of 

40 participants to the honey products. A practise run involving just two volunteers was 

undertaken prior to performing the trial in order to become familiar with the treatment and 

analysis procedures. Whilst the assays may need optimising, the data indicated that 

commercial honey and olive leaf products marketed by Comvita have no marked effect on the 

mucocal immunity of the oral cavity (refer to Appendix I). For this reason the intended pilot 

study was not undertaken. 

 

The data gained from this thesis are important for identifying and understanding the bioactive 

components in honey and their mechanism of action. The results could have use in improving 

wound healing and other applications.  
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CHAPTER ONE 

 INTRODUCTION  

 

Natural products represent a rich source of bioactives with potentially therapeutic and/or 

health-promoting immunomodulatory properties. They represent more than 50% of all the 

drugs in global use (Balick et al., 1996). In the 1980s, reports began appearing in the 

published literature on the immunomodulatory properties of compounds isolated from fungi 

(particularly mushrooms) and plants. Some of these compounds in plants include alkaloids, 

glucans, isoflavonoids, lectins, phenolic extracts, phytosterols, polysaccharides, 

sesquiterpenes, tanins, vitamins and a variety of other phytochemical substances (Lien et al., 

2003; Panigrahi et al., 2012; Souza et al., 2013). Research focused on the development of 

compounds with immunostimulatory or immunosuppressive properties, and on understanding 

their mechanisms of action (Leong et al., 2012; Majtan, 2014). It wasn’t until the new 

millennium that reports on the immunomodulatory activities of bioactives in honeybee 

products such as honey, Royal Jelly and propolis began appearing in the literature (Jamnik et 

al., 2012); hence research on honey is still largely in its infancy. Normally, the major 

components of bee pollen, which is used as a food source for young bees and can become 

incorporated into honey, are plant carbohydrates, crude fibers, lipids and proteins. Minor 

components include minerals, trace elements carotenoids, flavonoids, phenolic compounds, 

sterols, terpenes and vitamins (Feás et al., 2012).  

 

Bee products have been used in traditional medicine throughout society since antiquity, with 

honey having been attributed with beneficial effects in the treatment and prevention of ulcers, 

bed sores, and skin infections resulting from burns and wounds (Mandal and Mandal, 2011). 

Bee pollen was reported to boost energy and stamina (Feás et al., 2012), propolis helps in 

maintaining oral health (Więckiewicz et al., 2013), and Royal Jelly supports the immune 

system and increases energy (Terada et al., 2011). Honey exerts both immunostimulatory and 

immunosuppressive activities. It stimulates cytokine production by immune cells, which 

might contribute to the effects of honey in the treatment of infection, and wounds (Simon et 

al., 2009; Othman, 2012b). However, a lack of knowledge of the immunoregulatory 

components responsible is a major obstacle to understanding the properties of different floral 

varieties of honey, and optimizing their clinical application. 
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1.1 Bee products 

 

1.1.1 Honey and its composition 

 

Honey is a sweet and readily assimilable carbohydrate compound produced by bees that 

collect nectar from flowers.  Nectar is mainly composed of water containing dissolved sugars, 

where the amount of sugar varies greatly depending on the nectar and environmental 

conditions (Olaitan et al., 2007). The majority of the sugar in nectar is sucrose (Pais et al., 

1986). Bees produce invertase to break down sucrose to fructose and glucose (White, 1975). 

Nectar is harvested by honeybees by inserting their proboscis into the nectar of a flower, and 

the collected material is passed through the oesophagus to the thorax and finally to the 

abdomen. Nectar is transported within the stomach of the honeybee. On return to the hive the 

nectar is regurgitated into the honeycomb cells formed from wax, and the excess water 

evaporates until the honey is approximately 83% sugar. This process may take several days. 

The cells containing the ripened honey are covered with a layer of wax.  The wax layer is 

removed when the bees need access to the honey store for food (Figure 1.1). 

 

 

 

Figure 1.1 Formation of honey from nectar. 
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1.1.1.1 Composition of honey 

 

Honey is predominantly made up of carbohydrates, with 95% to 99.9% of the solids being 

sugars; other constituents include water, organic acids, amino acids, enzymes, vitamins, 

proteins, and phytochemicals (White, 1975; Ball, 2007; Molan, 2001b). The average 

composition of 100 grams of honey is shown in Table 1.1. The major sugars in honey are 

fructose (38%), glucose (31%) and sucrose (1.5%) (White, 1975; Echigo et al., 1986), and the 

exact ratio of different sugars differs due to the floral source and level of invertase synthesis 

by the bees. Other sugars present in smaller quantities include disaccharides such as maltose, 

sucrose, maltulose, turanose, isomaltose, trehalose, nigerose, laminaribiose, gentiobiose and 

kojibiose (White and Hoban, 1959). Trisaccharides in honey include l-kestose, centose, 

erlose, melezitose, maltotriose, isopanose, theanderose, 3-a-isomaltosylglucose, panose, 

isomaltotriose, isomaltotetraose and isomaltopentaose (Siddiqui, 1971). There is no 

appreciable lipid component in honey. 

 

Table 1.1 Composition of floral honey 
a
 average amount of each component in 100 grams of 

honey (White, 1975).  

 

Component 
a
Average amount in 100 grams of honey 

Water 17.2 g 

Fructose 38.2 g 

Glucose 31.3 g 

Maltose 7.2 g 

Sucrose 1.5 g 

Minerals 0.2 g 

Amino acids, Proteins 0.3 g 

Lipid 0 g 

Vitamins 0.1 g 

Acids 0.5 g 

Other disaccharides 5.0 g 

 

Water in honey contributes to the quality, granulation and body, but after extraction the water 

content may change due to storage conditions. Its content may also change because of 

environmental factors such as the weather and humidity inside the hives (Olaitan et al., 

2007).  
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Several acids are present in honey giving honey a low pH of ~3.4. They include acetic, -

ketoglutaric, butyric, citric, glycolic, gluconic, lactic, maleic, oxalic, pyruvic, pyroglutamic, 

and 2- or 3-phosphoglyceric acid (Nozal et al., 2003). Gluconic acid is the major acid, which 

is derived from glucose through the action of bee-derived glucose oxidase. Honey contains 

hydroxyl- and methoxy-derivatives of benzoic and cinnamic acids. These ingredients 

contribute to the sensory quality of the product and may also indicate the floral origin 

(Anklam, 1998). 

 

Eleven to twenty one essential and non-essential amino acids are present in honey, including 

glutamic acid, alanine, aspartic acid, leucine, isoleucine, tyrosine and proline, which vary 

according to floral source (Del Nozal et al., 1998). Proline is the most prevalent amino acid 

with lysine being the second most prevalent. By heating honey the amino acids can react with 

sugars slowly or more rapidly, causing a color change from yellow to brown. This is one of 

the reasons why honey darkens with age or heating (White and Doner, 1980). 

 

In recent years, researchers have identified a number of phytochemicals in honey, many of 

which may possess properties beneficial to health (Fahey and Stephenson, 2002; Gheldof et 

al., 2002b; Baltrusaityte et al., 2007). The major phytochemicals are antioxidants, which 

reduce the risk of oxidative damage to tissues. These include ascorbic acid, alkaloids and 

flavonoids (Baltrusaityte et al., 2007). Honey that is made by bees fed with herbal extracts 

has greater antioxidant activity than normal honey (Rosenblat et al., 1997; Zidan et al., 

2006). Components with high antioxidant activity are found in dark honey that contains 

higher water content (Gheldof et al., 2002b). 

 

Honey contains several enzymes including invertase, catalase, diastase (amylase), acid 

phosphatase and glucose oxidase (Molan, 1992a; White, 1975). Invertase converts sucrose to 

fructose and glucose. Diastase is a mixture of enzymes, which splits starch into simple 

compounds to produce dextrins and maltose, and is added by bees during honey production. 

The reaction catalyzed by glucose oxidase converts glucose to a gluconolactone intermediate 

that in turn forms gluconic acid. Glucose oxidase also produces glutamic acid and hydrogen 

peroxide which is partly responsible for the heat-sensitive anti-microbial properties of honey. 

Honey also contains a small amount of catalase, which produces oxygen and water from 

hydrogen peroxide (Jeffrey and Echazarreta, 1996). 
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Honey contains low levels of minerals, trace elements (Rashed and Soltan, 2004) and other 

proteins (White, 1975). Their nutritional significance is likely to be negligible because of 

their low concentrations (Haydak, 1970). Fresh honey contains small amounts of 

hydroxymethylfurfural (HMF). It is formed in honey by the breakdown of monosaccharides 

in the presence of honey acids (Jiménez et al., 1994). HMF content in honey is directly 

related to its quality, aging and heating (Mar Cavia et al., 2007). Honey is generally a stable 

product (White Jr et al., 1961), but changes can occur over time, which suggests that honeys 

can also vary in their composition due to the continuous action of the enzymes they contain.  

 

1.2 Other bee products 

 

1.2.1 Royal Jelly 

 

Royal Jelly is secreted from the hypopharyngeal and mandibular glands of the worker 

honeybees, mainly between the 6
th

 and 12
th

 days of their life (Haydak, 1970) (Figure 1.2). It 

is fed to all bee larvae until they are destined to become drones (males), workers (sterile 

females) or queens (fertile females). After three days, the drone and worker larvae are no 

longer fed with Royal Jelly but queen larvae continue to be fed throughout their development. 

It is composed of 50-60% water, 18% proteins, 15% carbohydrates, 3-4% lipids, 1.5% 

mineral salts and vitamins (Nagai and Inoue, 2004), hence is much richer in protein and lipid 

than honey, but has a much reduced amount of carbohydrate. It contains a large number of 

bioactive substances such as 10-hydroxyl-2-decenoic acid (Blum et al., 1959; Caparica-

Santos and Marcucci, 2007), anti-bacterial proteins (Fujiwara et al., 1990), fatty acids 

(Vucevic et al., 2007) and peptides (Matsui et al., 2002; Tokunaga et al., 2004).  
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Figure 1.2 Royal cell filled with Royal Jelly produced by the pharyngeal glands of young worker 

honey bees. Sourced from http://www.thehoneygatherers.com/html/photolibrary10.html 

 

1.2.2 Propolis 

 

Propolis is a resinous honeybee product collected by honeybees from plants to seal small 

gaps in their hives in order to stabilize the hive, and protect it against intruders, and infection 

(Burdock, 1998). The basic composition of propolis consists of 50% resin and vegetable 

balsam, 30% beeswax, 10% essential and aromatic oils, 5% pollen and 5% various other 

substances such as organic debris (Burdock, 1998).  

 

1.3 Usage of honey 

 

1.3.1 Historical usage of honey  

 

Honey has been used by humans since antiquity as a food and medicine (Eteraf-Oskouei and 

Najafi, 2013). It is a flavorful food of high nutritional value and health benefits (White and 

Doner, 1980; Bogdanov et al., 2008). Around 2,500 BC, Egyptians treated eye and skin 

diseases using a standard salve containing honey (Al-Waili, 2003). It was mentioned in the 

Holy Quran 1400 years ago that honey possesses healing properties (Crane, 1975). The 

ancient Greeks used honey for the treatment of fatigue (Willson and Crane, 1975). 

Hippocrates mentioned that honey helps in the cleansing of sores, and ulcers of the lips, and 

heals carbuncles, and running sores (Jones, 2001). In addition it was reported that it is a 

remedy for inflammation of the kidneys due to kidney stones. The Hindus and Chinese used 

honey as a component of medicinal foods and medicine for cough, gastric disorders and 

http://www.thehoneygatherers.com/html/photolibrary10.html
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pulmonary issues (Chepulis, 2008). It is even written in the Bible “Eat honey my son, 

because it is good” (Ajibola et al., 2012; Bansal et al., 2005).   

 

1.3.2 Current medicinal usage of honey  

 

Honey possesses many potential health benefits derived from its antibacterial, antifungal, 

antioxidant and anti-inflammatory properties (French et al., 2005; Weston, 2000; Postmes et 

al., 1993; Nasuti et al., 2006; Yaghoobi and Kazerouni, 2013) as reviewed by Alvarez-Suarez 

et al. (2013), and from its immunostimulatory properties (Pipicelli and Tatti, 2009). 

 

(a) Wound and burn management 

 

A major use of honey is in the management of wounds and burns where it is topically applied 

(Benhanifia et al., 2011; Song and Salcido, 2011; Bittmann et al., 2010; Yaghoobi and 

Kazerouni, 2013; Vandamme et al., 2013; Old, 2013).  It is used as a wound dressing to treat 

diabetic foot ulcers (Makhdoom et al., 2009), and other skin ulcers (Subrahmanyam, 1998; 

Molan, 2000). The medical literature on treating wounds, burns and ulcers with honey has 

been reviewed with a focus on both the medical evidence and the clinical aspects (Al-Waili et 

al., 2011). Honey exhibits very promising antimicrobial effects against wound infecting 

bacteria and thereby helps to heal infected skin wounds (Tasleem et al., 2011). Refer to 

Section 1.6 for a more detailed description. 

 

(b) Honey as an anti-cancer agent 

 

Honey also possesses anti-cancer activity (Othman, 2012a; Ahmed and Othman, 2013b; 

Othman, 2012b; Erejuwa et al., 2014). Numerous studies have demonstrated its anticancer 

effects in tissue cultures (Tsiapara et al., 2009; Fauzi et al., 2011; Jaganathan and Mandal, 

2009), animal models (Tomasin and Cintra Gomes‐Marcondes, 2011; Fukuda et al., 2010; 

Orsolić et al., 2003) and clinical trials (Smirnova et al., 1999). Honey was shown to inhibit 

the proliferation of T24, RT4, 253J and MBT-2 bladder cancer cell lines in vitro (Swellam et 

al., 2003). It is highly cytotoxic against cancer cells, but not against normal cells (Erejuwa et 

al., 2014). Different floral honeys from Poland inhibited the proliferation of the glioblastoma 

multiforme U87MG tumor cell line, being effective at concentrations as low as 0.5% 
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(Moskwa et al., 2014). The honeys also inhibited the activities of matrix metalloproteinase 

(MMP) 2 and MMP9 which are required for tumour cell invasion (Moskwa et al., 2014). It 

was reported that Tualang honey reduced the apoptosis of human breast and cervical cancer 

cell lines (Fauzi et al., 2011). Intraperitoneal injection of Jungle honey in female C57BL/6 

mice inhibited the incidence and growth of lung tumorus (Fukuda et al., 2010). Oral 

administration of honey before tumour inoculation inhibited the metastasis of colon 

adenocarcinoma in Y59 rats (Oršolić and Basic, 2004). Supplementation of diet with honey 

improved upon the effects of Nigella sativa grains i.e. Nigella sativa grains in protecting 

against methylnitrosourea (MNU)-induced colon adenocarcinoma in rats (Mabrouk et al., 

2002)  

 

(c) Wider uses of honey 

 

Honey was shown to have an anti-angiogenic effect in the air-pouch model of inflammation 

in rats where carrageenan is injected into the pouches formed by injecting air subcutaneously 

(Eteraf-Oskouei et al., 2013). It reduced granulation tissue weight and angiogenesis and 

inhibited the activities of prostaglandin (PG) E2 and vascular endothelial growth factor 

(VEGF). It has been proposed to have potential in the treatment of eye diseases including dry 

eye disease, age-related macular degeneration, cataracts and bullous keratopathy (Majtánová 

et al., 2013). The scientific data supports investigations of honey in clinical and preclinical 

studies of diabetes mellitus, hypercholesteremia, hypertension, obesity and cardiovascular 

diseases because ingestion of honey increases blood plasma, vitamin C, β-carotene, copper, 

glutathione reductase, nitric oxide (NO), and zinc, and decreases C-reactive protein (CRP), 

homocysteine, prostaglandin (PG) E2, PGF2α and thromboxane B2 concentrations. In 

addition it also improves lipid profiles and modulates the secretion of C-peptide and insulin 

(Al-Waili et al., 2013). Ajibola et al. (2012) reported that honey is useful in the treatment of 

gastric and intestinal problems, especially as a laxative. Honey has been proposed to be 

useful as a hepatoprotective agent against paracetamol-induced liver damage (Galal et al., 

2012). Tualang honey, which is a Malaysian multifloral jungle honey, may have application 

as an alternative treatment for postmenopausal osteoporosis (Mohd Effendy et al., 2012). A 

comparison of the medicinal properties of Tualang honey with New Zealand manuka honey 

suggested that their properties are similar (Ahmed and Othman, 2013a). Tualang honey 

differs in having a higher content of phenols, flavonoids and 5-(hydroxymethyl) furfal (HMF) 
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contents compared with manuka honey, and it is more effective against some Gram-negative 

bacteria that infect burn wounds. Hence, it is important to determine the properties of 

individual floral varieties of honeys, which may be quite different and possess clinical utility. 

 

1.4 Properties of honey 

 

1.4.1 Anti-microbial properties of honey and the bioactives responsible 

 

Honey was reported as long ago as 1892 by Van Ketel to have anti-microbial properties (as 

cited by Dustmann, 1919). The mode of bacterial inhibition by honey is both bactericidal and 

bacteriostatic (Wahdan, 1998; Cooper et al., 2002). Many major bacterial species including 

Staphylococcus aureus, Enterococci, Klebsiella pneumoniae, Pseudomonas species, 

Escherichia coli, Enterobacter aerogenes, and Salmonella typhimurium are susceptible to 

inhibition by honey (Cooper et al., 2002; Allen et al., 2000; Lusby et al., 2005; Visavadia et 

al., 2008). Yeasts and fungi are also susceptible to the inhibitory effects of honey (Brady et 

al., 1996).  

 

1.4.1.1 Anti-microbial components in honey 

 

Factors contributing to the anti-bacterial activity of honeys include high sugar concentration, 

low pH, and content of hydrogen peroxide, flavonoids, phenolic acids, methylglyoxal (MGO) 

and anti-microbial peptides (Israili, 2014; Mohapatra et al., 2011; White, 2005). In 1919 

Sackett showed that the anti-microbial activity of honey was not solely due to its high sugar 

content, as the anti-microbial activity was increased on dilution of honey with water (Molan, 

1992a). Hydrogen peroxide (H2O2) was subsequently identified as a major anti-microbial 

agent (White Jr et al., 1963; Molan, 1992a). The concentration of H2O2 in honey is around 1 

mM (0.034%), which is far less than the concentration of H2O2 used as a clinical aseptic 

solution (3%). Hence, the harmful effects of this component in honey are minimal (Molan, 

2001a). H2O2 is heat and light sensitive and is produced by honey bee-derived glucose 

oxidase on dilution of honey (Figure 1.3). H2O2 has a more potent anti-bacterial effect when 

present in honey than on its own, and because of its slow release it causes little cytotoxic 

damage to cells (Bang et al., 2003). Neutralization of H2O2 by the addition of catalase 
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demonstrated its key contribution (Kwakman and Zaat, 2012). Some honeys, such as New 

Zealand manuka honey, retain anti-microbial activity even after neutralization of H2O2 by 

catalase (Allen et al., 1991; Mundo et al., 2004). 

 

 

Figure 1.3 Formation of gluconic acid and H2O2. 

 

In 2008, Mavric identified MGO as being the dominant anti-bacterial bioactive in manuka 

honey (Mavric et al., 2008). New Zealand manuka honeys in general contain high amounts of 

MGO (Atrott and Henle, 2009). MGO is formed from sugars during heat treatment, or 

following prolonged storage of carbohydrate-containing foods and beverages (Weigel et al., 

2004). MGO in manuka honey is produced from conversion of the precursor, 

dihydroxyacetone phosphate (DHAP) via a non-enzymatic reaction which occurs slowly 

during the storage of honey (Adams et al., 2009). MGO activity was subsequently 

neutralized, revealing that it is not solely responsible for the anti-microbial activity of 

manuka honey (Kwakman et al., 2011).  

 

Several studies have reported that anti-microbial peptides can be isolated from different 

honey varieties, and are partly responsible for the anti-microbial properties of honey (Lee et 

al., 2008; Azim and Sajid, 2009). An anti-microbial peptide called bee defensin-1 was 

identified in Revamil honey (Kwakman et al., 2010).  

 

1.4.2 Anti-fungal properties of honey 

 

Honey also possesses anti-fungal properties that inhibit Candida species (Irish et al., 2006; 

Koc et al., 2009; Theunissen et al., 2001). Sissons et al reported that manuka honey may be 
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beneficial for treating oral infections where Candida albicans is prominent (Sissons et al., 

2004). Further research is required to investigate the anti-fungal activities of honey, and 

potential applications. 

 

1.4.3 Immunostimulatory properties of honey, and the bioactives responsible 

 

Honey appears to function as an immunomodulator during wound healing. It has been 

reported that honey stimulates cells of the immune system that infiltrate the wound site (Al-

Waili et al., 2011). Concentrations of honey as low as 0.1% stimulates the proliferation of B- 

and T-lymphocytes in cell culture, and activate blood-derived phagocytes (Abuharfeil et al., 

1999). It was suggested that honey may contain a mitogen derived from higher plants that 

activates cells (Abuharfeil et al., 1999). Honey stimulates antibody production during 

primary and secondary immune responses (Al-Waili and Haq, 2004). Tonks et al. reported 

that honey at a concentration of 1% stimulated monocytes in cell culture to release TNF-α 

(Tonks et al., 2001; Tonks et al., 2003). It was reported that deproteinized honey has no 

immunostimulatory activity, as measured by the release of TNF-α from treated macrophages, 

suggesting the immunostimulatory components are largely protein-based (Majtan et al., 

2006). It was suggested that the immunomodulatory activity of honey is highly complex with 

involvement of multiple quantitatively variable compounds among honeys of different origin 

(Majtan, 2014). In accord, a number of protein components of honey have been demonstrated 

to stimulate leukocytes, as described below. 

 

(a) 5.8 kDa component 

 

Tonks et al. isolated a PmB-insensitive component of 5.8 kDa by gel fractionation of manuka 

honey, which stimulated a human monocytoid cell line to release TNF-α via a TLR4-

mediated mechanism (Tonks et al., 2007). The 5.8 kDa component was analyzed to 

determine whether it contained monosaccharides and amino acids. The analysis revealed the 

presence of monosaccharides, but not amino acids, hence indicating the 5.8 kDa component 

was probably not a protein. The nature and identity of the component remains obscure.  
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(b) Apalbumins 

 

The major glycoproteins in honey are apalbumin1 (Apa1), apalbumin2 (Apa2; 49 kDa), and 

apalbumin3 (Apa3; 70 kDa) which stimulate macrophages to release TNF-α (Šimúth et al., 

2004; Majtan et al., 2006; Okamoto et al., 2003). Apa1 is an acidic 55 kDa protein, which 

forms an oligomeric complex (Furusawa et al., 2008; Tamura et al., 2009a; Li et al., 2007). 

Majtan et al. reported that a 55 kDa glycoprotein present in honey (Majtan et al., 2006) is 

partly responsible for honey’s immunostimulatory activity (Majtan et al., 2010).  

 

(c) Arabinogalactans and arabinogalactan proteins 

 

Arabinogalactans (AGs) are essential structural polysaccharide polymers in the cell walls of 

all higher plants (Cipriani et al., 2004). They have been isolated from traditional medicinal 

plants including cell-culture exudates of Echinacea purpurea (Classen et al., 2000), the 

leaves of Maytenus ilicifolia (Cipriani et al., 2004), Diospyros kaki (Duan et al., 2003), 

Nerium indicum (Dong and Fang, 2001), and the roots of Curcuma longa (Kundu et al., 

2005). They are present in both edible and inedible plants including carrots, radish, wheat, 

black gram, pears, beans, and tomatoes (D'Adamo, 1996). Traditional healers in Mali use a 

number of plants, which contain type II AGs (rich in arabinose and galactose), for wound 

healing (Diallo et al., 2003; Inngjerdingen et al., 2005; Inngjerdingen et al., 2006; 

Inngjerdingen et al., 2007; Togola et al., 2008). AGs are immunologically active, as reported 

by Wagner, et al., who showed that an AG from Echinacea purpurea stimulates macrophages 

to produce TNF-α (Wagner et al., 1988). Botanical polysaccharides have been reported to 

exert therapeutic effects by modulating innate immunity, in particular macrophage function 

(Schepetkin et al., 2005). A pectic arabinogalactan from the herb Vernonia kotschyana used 

in Mali folk medicine modulated the immune response through CD19, TLR4, TLR2 and 

CD79b receptors, displaying broader receptor specificity than does lipopolysaccharide (LPS) 

(Nergard et al., 2005). In 1965 Siddiqui reported on the structure of an arabinogalactomannan 

he found in honey which consisted of D-mannose, L-arabinose and D-galactose (Siddiqui, 

1965). 

 

AG-containing proteins (AGPs) are the most widely-spread representatives of plant tissue 

proteins (Classen et al., 2006; Duan et al., 2003). Type II AGPs isolated from New Zealand 
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manuka honey contain 2 to 10% (w/v) of protein that is typically rich in hydroxyproline and 

serine residues (Steinhorn et al., 2011). Taguchi et al. (2004) showed that type II AGs from 

the Chinese medicinal herb Atracylodes lancea stimulated cytokine production by bone 

marrow cells, whereas larchwood AGs and gum arabic did not (Taguchi et al., 2004). 

However, in these studies the interpretation of the structure-activity relationships are limited 

because the extracts are complex mixtures of polysaccharides that contain varied amounts of 

AGPs as judged by interaction with the β-glucosyl Yariv reagent (van Holst and Clarke, 

1985). AGPs purified from the roots of the North American plant Baptisia tinctoria and from 

Echinacea pallida stimulated the proliferation of mouse spleen cells, IgM-production by 

mouse lymphocytes, and IL-6 and nitrite production in mouse alveolar macrophage cultures 

whereas in contrast AGPs from Echinacea purpurea had only weak activity (Classen et al., 

2006). It was suggested that the different structural features of the AGPs may be responsible 

for their differing immunomodulatory properties.  

 

Gannabathula et al. (2012) recently reported that kanuka (Kunzea ericoides), manuka 

(Leptospermum scoparium), and clover (Trifolium spp.) honeys from New Zealand 

stimulated TNF-α release from the monocyte cell line THP-1, with kanuka honey being the 

most active. The immunostimulatory activity of kanuka honey was associated with a high 

molecular weight (>30 kDa) component that was partially heat-labile and inhibitable with 

PmB.  LPS concentrations in the honeys were too low to adequately explain the level of 

immunostimulation. The contribution of type II AGPs previously identified in kanuka honey 

(Steinhorn et al., 2011) was tested, given that AGPs are known immunostimulators as 

described above. AGPs purified from kanuka honey stimulated the release of TNF-α from the 

monocytic cell lines THP-1 and U937 (Gannabathula et al., 2012).  

 

(d) Lipopolysaccharide, an immunostimulatory bacterial contaminant of honey 

 

LPS (also referred to as endotoxin) is a component of the outer membrane of Gram negative 

bacteria, that are mostly human and plant pathogens (Naik et al., 2001; Raetz et al.; 2002). 

LPS is a highly immunogenic compound that stimulates the production of cytokines by 

macrophages, including IL-1, IL-6 and TNF-α (Li et al., 2003). The lipid A portion of LPS 

activates the CD14/TLR4 receptor complex (Naik et al., 2001; Tapping et al., 2000), and 

thereby stimulates the production of cytokines. Honey samples can become contaminated 
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with microorganisms such as spore-forming aerobic and anaerobic bacteria, and hence be 

contaminated with LPS (Snowdon and Cliver, 1996; Olaitan et al., 2007; Rozanska, 2011). 

Timm et al. reported that the immunostimulatory activity of manuka honey can be explained 

solely by its endotoxin content, a notion that was inferred from the observation that the 

immunostimulatory activity of honey was inhibited by PmB, a known inhibitor of LPS 

(Timm et al., 2008). In contradiction, other studies reported that honey contains very low 

amounts of LPS, which do not correlate with the immunostimulatory activity of honey 

(Tonks et al., 2007; Gannabathula et al., 2012).  

 

Gannabathula et al. proposed that the immunostimulatory properties of individual honeys 

relate to their particular content of LPS, apalbumins, an unidentified 5 kDa component, and 

AGPs, which have each been reported to stimulate TNF-α release from monocytes 

(Gannabathula et al. 2012). The immunomodulatory properties of honey are highly complex 

because each honey variety contains different amounts of a number of different 

immunomodulatory components. Identification of individual honey bioactives that either 

stimulate or suppress the immune response is crucial to the honey industry and consumers in 

understanding the properties of different honey varieties.   

 

1.4.4 Anti-inflammatory properties of honey and the bioactives responsible 

 

Honey has anti-inflammatory properties that could potentially be useful in combating 

inflammation. A reduction in inflammation was observed when honey was applied to 

unbroken skin indicating that the anti-inflammatory effectors of honey can diffuse through 

the skin (Molan, 1992b). Though the processes by which honey acts as an anti-inflammatory 

agent have yet to be fully elucidated, the effects have been widely observed clinically 

(Molan, 2006).  

 

Honey stimulates leukocytes that have infiltrated a wound to produce anti-inflammatory 

cytokines and factors, including IL-10, and IL-1 receptor antagonist (IL-1ra) (Bean, 2012). 

The antioxidant properties of honey (Erejuwa et al., 2012; Ali and Al-Swayeh, 1997) partly 

account for its anti-inflammatory activity (Grimble, 1994). Honey antioxidants reduced 

inflammation associated with superficial burn injury in a study of 104 cases (Subrahmanyam, 

1991). A honey ethyl acetate extract was demonstrated to exhibit greater anti-inflammatory 
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activity than a honey methanol extract despite the finding that the latter extract contains 

higher amounts of phenolic compounds (Kassim et al., 2010). A flavonoid extract of honey 

was shown to inhibit the release of the proinflammatory cytokines TNF-α and IL-1β from 

LPS-activated microglial cells (Candiracci et al., 2012). Honey reduced oxidative stress in 

metanil-yellow injured liver tissue and downregulated the expression of TNF-α and IL-1β 

(Al-Malki and Sayed, 2013). 

 

Tualang honey inhibited ultraviolet B (UVB) radiation-induced inflammation in a model 

using a murine keratinocyte cell line (Ahmad et al., 2012). It inhibited UVB-induced 

expression of inflammatory cytokines, nitric oxide synthase, cyclooxygenase (COX)-2, and 

PGE2 (Ahmad et al., 2012). Gelam honey suppressed the expression of NF-kB and IkBα in 

inflamed rat tissues with subsequent reductions of the inflammatory mediators COX-2 and 

TNF-α (Hussein et al., 2013). Gelam honey also reduced carrageenan-induced acute paw 

edema in rats, and inhibited the production of proinflammatory mediators including NO, 

PGE2, TNF-α and IL-6 (Hussein et al., 2012). It inhibited  LPS-induced endotoxemia in rats 

by reducing heme oxygenase-1, and expression of TNF-α, IL-1β, IL-10, and high-mobility 

group protein B1 (Kassim et al., 2012). Indigenous New Zealand rewarewa, manuka and 

kanuka honeys exhibited potent, dose-dependent reduction of human neutrophil superoxide 

production (Leong et al., 2012). Isolated phenolic and crude extracts of kanuka and manuka 

honeys exhibited anti-inflammatory effects on lipopeptide-stimulated human embryonic 

kidney cells due to their phenolic content, whereas manuka/kanuka blend and clover honeys 

had no significant anti-inflammatory effect (Tomblin et al., 2014). The results indicated that 

the anti-inflammatory effects of honey may partly act through the TLR1/2 receptor signalling 

pathway. Bean (2012) reported that honey reduced phagocytosis by the monocyte cell line 

THP-1, and that manuka honey was superior in this respect compared to other honey varieties 

tested. 

 

Oral administration of Nigerian honey to Wistar rats injured with carrageenan, formaldehyde 

or N(G)-nitro-L-arginine methyl ester (L-NAME) revealed that honey reduced inflammation 

by inhibiting nitric oxide release (Owoyele et al., 2011).  The anti-inflammatory effects of 

orally administered honey in a carrageenan paw oedema model in rats were demonstrated to 

involve autonomic nervous system receptors (Owoyele et al., 2014). Topical application of 

honey made by the Melipona marginata bee from Brazil inhibited inflammation of the ears of 
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mice injected with 12-o-tetradecanoylphorbol-13-acetate (Borsato et al., 2014). The honey 

reduced ear edema and reactive oxygen species (ROS) production (Borsato et al., 2014).  

 

(a) Identified anti-inflammatory components in honey 

 

The ability of manuka honey to inhibit phagocytosis by monocytes correlated with MGO-

mediated modification of Apa-1, which increased upon storage of honey (Bean, 2012). It had 

previously been reported that MGO is a potent suppressor of myeloid and T-cell immune 

function (Price et al., 2010). It inhibited T-cell proliferation and production of IFN- and 

TNF-. Chrysin is another compound present in honey and propolis which possesses anti-

inflammatory and antioxidant properties. Chrysin inhibited the release of multiple 

proinflammatory molecules from LPS-stimulated microglial cells including NO, TNF-α and 

IL-1β, and also inhibited the expression of inducible NO synthase and COX2 (Ha et al., 

2010). It also inhibited the activation of c-Jun N-terminal kinase (JNK) and NFkB (Ha et al., 

2010). Chrysin prevented the development of diabetic nephropathy in high fat 

diet/streptozotocin (HFD/STZ)-induced type 2 diabetic rats through suppressing the 

expression of TGF-β, fibronectin and collagen-IV protein in renal tissues, and by reducing 

IL-1β and IL-6 expression (Ahad et al., 2014). 

 

 

1.5 Properties of Royal Jelly and propolis 

 

1.5.1 Royal Jelly 

 

Royal Jelly possesses vasodilative and hypotensive activities (Shinoda et al., 1978), anti-

microbial activity (Fujiwara et al., 1990), antioxidant activities (Nagai et al., 2001), anti-

tumor activity (Townsend et al., 1961; Tamura et al., 1987), anti-inflammatory activity (Fujii 

et al., 1990; Kohno et al., 2004), and immunomodulatory activity (Majtan et al., 2006). 

 

The major glycoproteins in Royal Jelly, as in honey, are apalbumin1 (Apa1; 55 kDa) 

apalbumin2 (Apa2; 49 kDa), and apalbumin3 (Apa3; 70 kDa) which stimulate macrophages 

to release TNF-α (Šimúth et al., 2004; Majtan et al., 2006; Okamoto et al., 2003). Majtan et 

al. reported that a 55 kDa glycoprotein present in Royal Jelly (Schmitzova et al., 1998) is 
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partly responsible for honey’s immunostimulatory activity (Majtan et al., 2010). A 57 kDa 

protein from Royal Jelly stimulated the growth of human lymphocytic cell lines in serum-free 

medium (Watanabe et al., 1996). In Royal Jelly, Apa1 was associated with a small honeybee-

derived peptide named apisimin (see below) (Bilikova et al., 2002) and possibly with other 

compounds in a large 420 kDa complex (Kimura et al., 1996; Simúth, 2001). 

 

Apisimin is a functional peptide present in Royal Jelly (Shen et al., 2007).  It is produced by 

glands in the heads of both nurse and forager honeybees and associates with high molecular 

weight proteins in Royal Jelly (Bilikova et al., 2002). Tamura et al., 2009 demonstrated that 

apisimin forms a complex with the Royal Jelly protein Apa1, which stimulates the 

proliferation of T cells (Tamura et al., 2009b). 

 

1.5.2 Propolis 

 

Propolis is known for its biological and pharmacological properties including 

immunomodulatory (Rindt et al., 2009; Sforcin, 2007), anti-tumor (Chan et al., 2013b), anti-

microbial, anti-fungal, anti-viral, anti-protozoan (Grange and Davey, 1990; Kujumgiev et al., 

1999), anti-inflammatory, and anti-oxidant (Bankova et al., 2000) activities. Its anti-

inflammatory and immunomodulatory properties were recently subjected to review (Araujo et 

al., 2012).  

 

Propolis is very effective against both Gram negative and Gram positive bacteria (Velazquez 

et al., 2007; Seidel et al., 2008). It inhibits the glycan synthesis and glucosyltransferase 

activities of the caries-forming bacteria S. sorbinus, S. mutans, and S. cricetus (Ikeno et al., 

1991). The anti-bacterial activity of an ethanol extract of propolis against anaerobic oral 

bacteria was shown to be due in part to its content of flavonoids and aromatic compounds 

(Koru et al., 2007). Propolis samples from different geographic origins were investigated for 

their anti-bacterial activities against S. aureus and E. coli, antifungal activity against C. 

albicans, and anti-viral activity against avian influenza virus (Kujumgiev et al., 1999). They 

were all active against the fungal and Gram positive bacterial strains and most samples 

showed anti-viral activity. 
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In terms of anti-cancer activity, red propolis was shown to be more cytotoxic against human 

leukemia cells than green propolis (Franchi et al., 2011). Its anti-cancer activity was proposed 

to relate to its content of anti-oxidant phenolic compounds (da Silva Frozza et al., 2013). 

 

Caffeic acid phenethyl ester (CAPE) is an anti-oxidant component of propolis shown to be 

effective in reducing aminodarone-induced pulmonary fibrosis (Zaeemzadeh et al., 2011). A 

study suggested that the anti-inflammatory and anti-oxidative effects of CAPE were similar 

to N-acetylcysteine. CAPE inhibited inflammation induced by H2O2 via inhibiting the 

expression of proinflammatory cytokines including TNF-α and COX-2 (Song et al., 2012). A 

critical review described and provided evidence for the anti-inflammatory, neuroprotective, 

hepatoprotective and cardioprotective effects of CAPE (Tolba et al., 2013).  

 

1.6. Properties of honey that promote wound healing  

 

Honey is applied topically as a wound dressing or skin-care agent, and has a number of 

properties which explain its therapeutic effects on wounds, particularly on infected non-

healing chronic wounds.  They include high viscosity, which helps to provide a protective 

barrier that inhibits the growth of microorganisms (Ndip et al., 2008), high sugar content and 

osmolarity (Molan, 2001a), acidity, hydrogen peroxide, flavonoids, phenolic acids (Sato and 

Miyata, 2000), and MGO (Mavric et al., 2008), and an ability to maintain a moist wound 

environment (Lusby et al., 2002). Although the medical use of honey has been documented 

for many years, only recently have the specific bioactives responsible for its healing effects 

been investigated and elucidated. The anti-microbial activity of honey has been the property 

most widely accepted, and claimed to improve wound healing (Molan, 2001b).  

 

H2O2 in honey stimulates the proliferation of fibroblasts and epithelial cells to enable repair 

of the wound (Burdon, 1995). Low concentrations of H2O2 activate insulin receptor 

complexes that stimulate the uptake of glucose and amino acids, promoting anabolic 

metabolism and thereby supporting cell growth (Czech et al., 1974; Helm and Martyn Gunn, 

1986; Koshio et al., 1988). Honey activates proteins involved in wound repair such as matrix 

MMPs and serine proteases that are produced by neutrophils (Weiss et al., 1985; Peppin and 

Weiss, 1986), yet it doesn’t cause excessive protease activity in a wound that would 

otherwise impede healing (Molan, 2002). MGO diffuses deeply into skin tissues and together 
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with H2O2 prevents or combats infection (Sherlock et al., 2010). Honey possesses anti-

inflammatory activities capable of inhibiting ROS production, leukocyte infiltration, COX2, 

inducible NO synthase (iNOS) expression, pro-inflammatory cytokines secretion and MMP-9 

expression (Hadagali and Chua, 2014). 

 

1.7 The wound healing process 

 

Wound healing is a dynamic process involving resident cells, signaling molecules, and 

components of the extracellular matrix (ECM), which is orchestrated to restore homeostasis 

and replace lost or dead tissues with viable tissues after injury (Singer and Clark, 1999; 

Gillitzer and Goebeler, 2001). Appropriate healing requires the spatiotemporal management 

of an array of different cell populations and cellular responses. This is accomplished by a 

complex intercellular communication network, which involves indirect cell-cell signalling 

through soluble mediators, including cytokines, growth factors and chemokines. These 

signalling mediators activate both negative and positive feedback mechanisms, which 

promote and regulate local cellular responses in a temporal and spatial manner. Biomolecules 

interact with cell-surface receptor pairs to trigger intracellular cell signalling pathways that 

regulate the expression of downstream factors. Physiological responses in wound healing can 

be readily modified by altering cell signalling events. A balance between inhibitory and 

stimulatory mediators is important to achieve the desired rate of healing. Inflammation is a 

necessary early event in the healing process, which needs to be properly controlled. 

 

1.7.1 Acute wounds 

 

Successful healing of acute wounds can be separated into four clearly defined phases, namely 

coagulation, inflammation, cell proliferation, and tissue or scar remodelling (Park and Barbul, 

2004; Wynn, 2011). The sequential phases in wound healing are discussed below and 

illustrated in Figure 1.4. 
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Figure 1.4 Sequential phases in the wound healing process. The time-scale for the healing process is 

shown (original drawing). 

 

1.7.2 Coagulation phase 

 

Normally, tissue injury causes rupture of blood vessels, with extravasation of blood 

constituents (Clark, 1996; Singer and Clark, 1999). This results in the stimulation of blood 

clotting followed by aggregation of platelets and activation of the intrinsic and extrinsic 

pathways of coagulation (Witte and Barbul, 1997). The locally formed fibrin clot quickly 

serves as a provisional ECM for initiating scar refolding.  

 

1.7.3 Inflammatory phase 

 

The inflammatory phase is defined as the activation of host defense mechanisms required to 

combat potentially pathological substances and eliminate undesired substances of injury in 

order to initiate an effective healing response. The inflammatory phase begins at the time of 

injury and lasts for 2 to 4 days, although it may persist for up to 2 weeks in some cases 

(Stroncek and Reichert, 2007). It presents as erythema, swelling, heat and pain. It is 

characterized by the influx of different leukocyte subtypes into the area of injury (illustrated 
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in Figure 1.5) (Singer and Clark, 1999). Neutrophils and monocytes/macrophages are 

predominant in the early stages of inflammation. 

 

 

Figure 1.5 Inflammatory phase three days after injury. The figure illustrates the cell types such as 

macrophages, neutrophils and fibroblast within the wound, and the growth factors they secrete 

including transforming growth Factor (TGF)-α,TGF-β1, TGF-β2, TGF-β3, fibroblast growth factor, 

VEGF, platelet-derived growth factor (PDGF), PDGF-AB, PDGF-BB, insulin-like growth factor and 

keratinocyte growth factor that are necessary for cell movement into the wound (Singer and Clark, 

1999). 

 

(a) Role of neutrophils 

 

Neutrophils form the first wave of cells that migrate into the wound, appearing within 24 h 

after injury (Steed, 1997; Mackay and Miller, 2003). Resident neutrophils engulf and remove 

the initial debris at the wound site by synthesizing and secreting hydrolases and reactive 

oxygen intermediates (ROIs), providing the first line of defense against infection. They 

release proteases such as proteinase 3 and elastase, which are capable of cleaving elastin and 

ECM proteins including fibronectin, laminin, vitronectin and collagen IV (Levine et al., 

1989; Dovi et al., 2004). Neutrophils themselves produce a variety of pro- and anti-

inflammatory cytokines, and hence are considered to be both inflammatory effector and 
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immunoregulatory cells (Cassatella, 1999). It is still debated whether or not neutrophils are 

essential for proper wound healing (Wilgus et al., 2013). Neutrophils are proposed to play an 

important role in the regulation of the innate immune response during healing through 

modulation of macrophage differentiation and activation (Daley et al., 2005). Wound healing 

is delayed by a lack of neutrophils, which are required to activate macrophages to produce 

TGF-β1, a key mediator involved in repair (Peters et al., 2005). Clearly, further investigation 

is required to understand the role of neutrophils in the regulation of innate immune responses 

during the wound healing process. 

 

(b) Role of monocytes/macrophages 

 

Monocytes/macrophages are important to wound healing as they bridge the phases of 

inflammation and cell proliferation (DiPietro, 1995; Dale et al., 2008). They adopt different 

functional phenotypes and release a wide range of soluble mediators due to their plasticity 

and versatility. Macrophages are involved in both pro-defense and pro-healing mechanisms. 

They migrate into tissue spaces upon injury, transform into larger phagocytic macrophages, 

and become the predominant cell type during the later part of the inflammatory phase. 

Macrophages release macrophage colony-stimulating factor (M-CSF), which serves as an 

autocrine factor for their own survival, and regulates their proliferation and inflammatory 

responses (Brugger et al., 1991; Fang et al., 2007). Macrophages are activated by interferon 

(IFN)-γ, alone or in concert with bacterial products such as LPS, or with cytokines such as 

TNF-α (Mantovani et al., 2004). They secrete the MMP-1, -3, and -9 (Webster and Crowe, 

2006). 

 

Human monocytes that have been differentiated with M-CSF have two phenotypes, 

designated M1 and M2, which play diverse roles in cellular immunity (Mantovani et al., 

2002; Verreck et al., 2004). M1 macrophages are present during the early phases of acute 

inflammation (Topoll et al., 1989), whereas M2 macrophages are present during the later 

phases and during states of chronic inflammation (Djemadji-Oudjiel et al., 1996; Sica et al., 

2006). The primary function of M1 macrophages is to propagate inflammation, eliminate 

bacteria, and promote cell-mediated immunity, whereas M2 macrophages have an immune-

regulatory function (Tatano et al., 2014). In general, M1 macrophages produce pro-

inflammatory cytokines, whereas M2 macrophages produce anti-inflammatory cytokines 
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(Seruga et al., 2008; Allavena et al., 2008). M1 macrophages are characterized by expression 

of high levels of cytokines such as IL-12, IL-23, and production of high levels of toxic 

molecules such as NO and ROIs. They secrete large amounts of pro-inflammatory Th1 

cytokines such as TNF-α, IL-1β, IL-6 and IL-12. In contrast, M2 macrophages are 

characterized by secretion of chemokine (c-c motif) ligand (CCL) 17, CCL22 and CCL24, 

and the anti-inflammatory cytokines IL-4, IL-13 and IL-10 (Shen et al., 2011; Través et al., 

2012). M2 macrophages are also characterized by the expression of TGF-β, VEGF, and 

insulin-like growth factor (IGF)-1, and accordingly they inhibit T-cell proliferation and 

protease activity, and increase ECM protein deposition (Loercher et al., 1999; Gustafsson et 

al., 2008; Tjiu et al., 2008).  

 

Thus, the Th1 immune response, which is associated with classical macrophage activation, 

leads to a predominance of the M1 phenotype of macrophages and the production of 

proinflammatory cytokines. In contrast, a Th2 response, which is associated with alternative 

macrophage activation, leads to a predominance of the M2 phenotype of macrophages and 

inhibition of the expression of proinflammatory cytokines. It has been suggested that M1 and 

M2 macrophages are two extremes of a continuum of phenotypic behaviours (Mantovani et 

al., 2002). In summary, macrophages appear to play important dual roles in both promoting 

and enabling inflammation, as well as resolving inflammation and promoting tissue repair. 

 

Accordingly, significant reductions of neutrophils and macrophages at the wound site were 

reported to cause dramatic delays in wound closure (Subramaniam et al., 1997; Nagaoka et 

al., 2000; Mori et al., 2004). Inhibition of wound debridement due to macrophage depletion 

from sterile wounds was shown to cause a delay in fibrosis (Leibovich and Ross, 1975). 

 

(c) Helper T lymphocytes 

 

T-lymphocytes play a pivotal role in wound healing and scar formation (Martin and Muir, 

1990). T-cell depletion in mice significantly impairs wound healing, causing a decrease in 

fibroblast activity (Peterson et al., 1987). T-lymphocytes play a pivotal role in severe injuries 

or diseases where inflammatory responses persist (Barbul et al., 1989; Keen, 2008; Peterson 

et al., 1987). In mice, a Thy-1.2+, L3T4-, Lyt2- T-cell subpopulation was shown to stimulate 

wound healing by promoting matrix deposition (Efron et al., 1990; Martin and Muir, 1990; 
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Peterson et al., 1987). Th1 and Th2 T cells regulate the wound microenvironment by 

secreting regulatory cytokines (Szabo et al., 2003; Azouz et al., 2004; Park and Barbul, 

2004). Th1 cells produce IFN-γ, IL-2 and TNF-β, whereas Th2 cells produce IL-4, -5 -10 and 

-13 (Mosmann and Coffman, 1989; Romagnani, 1995). Both cell types produce IL-3, IL-6, 

TNF-α and GM-CSF (Prete, 1992; De Carli et al., 1993). Th1 cells activate macrophages, T 

cells, and cell-mediated immunity, whereas Th2 cells activate B-cells and humoral immunity 

(Stout and Suttles, 1997; Barbul et al., 1989). Th1 cells provide host immunity against 

intracellular microbes, whereas Th2 cells provide host immunity against extracellular 

parasites (Mak and Saunders, 2005). Over-activation of Th1-mediated immune responses is 

seen in cell-mediated delayed-type hypersensitivity and autoimmunity, whereas over-

activation of Th2-mediated immune responses causes Ig-mediated hypersensitivity including 

allergy (Kidd, 2003).  

 

1.7.4 Molecular responses during the inflammatory phase of acute wound healing: a 

signaling network 

 

Although wound inflammation and repair mostly occur along a proscribed course, the 

sensitivity of the process to disruption is underscored by the consequences of disruption of 

the balance of regulatory cytokines. The success of wound healing depends on growth factors 

and cytokines which are involved in complex integration of signals that coordinate cellular 

processes.  

 

1.7.4.1 Growth factors and cytokines that play a key role in wound healing 

 

Growth factors possess an ability to stimulate mitosis of quiescent cells (Bennett and Schultz, 

1993).They control the growth, differentiation and metabolism of cells and interact with 

specific cell-surface receptors to control the process of tissue repair (Hunt and La Van, 1989; 

Lawrence and Diegelmann, 1994).  

 

Cytokines are non-enzymatic proteins that co-ordinate communications between target cells. 

Nearly all nucleated cells produce cytokines in response to autoimmunity, infection, or 

wound healing (Monaco and Lawrence, 2003). Cytokines are central for the constellation of 

events that take place during wound healing, and are key targets for therapeutic intervention. 
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Cytokine balance has an important and central role to play in initial regulation, progression 

and completion of wound healing. 

 

(a) Platelet derived growth factor (PDGF) 

 

PDGF is produced and released by endothelial cells, fibroblasts, keratinocytes, macrophages 

and platelets (Bennett et al., 2003; Niessen et al., 2001). There are five different isoforms 

termed PDGF-AA, PDGF-AB, PDGF-BB, PDGF-CC and PDGF-DD (Uutela et al., 2004).  

PDGF plays an important role in each stage of wound healing. Upon injury, PDGF is released 

from degranulating platelets and stimulates the proliferation and chemotaxis to the wound site 

of neutrophils, macrophages, fibroblasts and smooth muscle cells (Trengove et al., 2000; 

Vogt et al., 1998; Heldin and Westermark, 1999). It also stimulates macrophages to secrete 

TGF-β (Barrientos et al., 2008). In an in vitro study, it was reported that PDGF increases the 

expression of VEGF in ischemic injury (Stavri et al., 1995b). In in vivo experiments, it was 

shown that PDGF was involved in the recruitment of pericytes to the capillaries and increased 

the structural integrity of blood vessels (Lindahl et al., 1997; Sundberg et al., 1997). In 

addition, it also plays an important role in reepithelization by upregulating the production of 

IGF-1 and thrombospondin-1 (Rabhi-Sabile et al., 1996). It was reported that PDGF 

enhances the proliferation of fibroblasts and stimulates their production of ECM (Lin et al., 

2006). It also stimulates fibroblasts to contract collagen matrices and induces the 

myofibroblast phenotype in these cells (Rhee and Grinnell, 2006). Further in tissue 

remodeling, PDGF helps to break down old collagen by upregulating MMPs (Jinnin et al., 

2005). 

 

The levels of PDGFs are decreased in chronic wounds suggesting that certain levels of 

PDGFS and their receptors are essential for normal wound healing (Robson, 1997; Werner 

and Grose, 2003). Adenoviral delivery of PDGF-BB was shown to be effective for the 

treatment of nonhealing diabetic foot ulcers (Mulder et al., 2009). PDGF-BB is the only FDA 

approved drug for chronic wound treatment (Barrientos et al., 2008). 
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(b) Fibroblast growth factors (FGFs) 

 

FGFs are produced and released by chondrocytes, endothelial cells, fibroblasts, keratinocytes, 

mast cells and smooth muscle cells (Bennett et al., 2003; Wu et al., 1996; Ceccarelli et al., 

2007). There are 23 members of the FGF family, where FGF-2, FGF-7 and FGF-10 are 

particularly important for cutaneous wound healing. FGF-2 plays a role in reepithelization, 

granulation tissue formation, and tissue remodeling (Powers et al., 2000; Clark, 1996). It 

regulates the synthesis and deposition of various ECM components, increases keratinocyte 

motility during reepithelialization, promotes the migration of fibroblasts, and stimulates 

fibroblasts to produce collagenase (Sogabe et al., 2006; Di Vita et al., 2006; Sasaki, 1992). 

FGF-2 stimulates the production of VEGF by vascular endothelial cells (Seghezzi et al., 

1998). In chronic wounds the levels of FGF-2 are decreased (Robson, 1997). Treatment of 

pressure ulcers with FGF-2 was shown to enhance wound closure (Robson et al., 1992). 

 

FGF-7 and FGF-10, which are also referred to as keratinocyte growth factor (KGF)-1 and 

KGF-2, respectively, are both expressed in acute wounds (Werner et al., 1992; Ornitz et al., 

1996). They both play an important role in reepithelialization by stimulating the proliferation 

and migration of keratinocytes (Werner and Grose, 2003). In addition, they increase the 

expression of transcription factors that are involved in the detoxification of ROS (Sivamani et 

al., 2006). FGF-7 stimulates endothelial cells to produce VEGF, MMP-9 and urokinase-type 

plasminogen activator that are required for neovascularization (Niu et al., 2007). Wound 

healing was delayed in diabetic mice lacking FGF-7 (Peng et al., 2011). 

 

(c) Epidermal growth factor (EGF) family 

 

EGF family members are produced and released by platelets, macrophages, keratinocytes and 

fibroblasts (Schultz et al., 1991; Hsu and Mustoe, 2010). The EGF family includes EGF 

itself, heparin binding EGF (HB-EGF), TGF-α, epiregulin, betacellulin, amphiregulin, 

epigen, and neuregulin (NRG)-1, NRG-2, NRG-3, NRG-4, NRG-5 and NRG-6 (Higashiyama 

et al., 2008). The main members involved in wound healing are EGF, TGF-α, HB -EGF and 

amphiregulin which are similar in their structure, biological effects and act upon the same 

cell-surface receptor (Prigent and Lemoine, 1992). EGF plays an important role in 

reepithelialization by stimulating the proliferation and migration of keratinocytes (Martin, 
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1997; Rheinwald and Green, 1977; Hudson and McCawley, 1998). It is a potent mitogen not 

only for keratinocytes, but also fibroblasts (Nanney, 1990; Rheinwald and Green, 1977; 

Lembach, 1976). It increases the tensile strength of incisions (Brown et al., 1988). In 

addition, it increases the expression of keratins k6 and k16 which are involved in cell 

activation and proliferation (Jiang et al., 1993). The addition of EGF to chronic wounds in a 

clinical trial increased wound epithelialization, and enhanced the speed of healing of skin 

grafts, venous ulcers and diabetic foot ulcers (Brown et al., 1989; Falanga et al., 1992; 

Mohan, 2007). In contrast, another study reported that EGF had limited efficacy in the 

treatment of chronic wounds (Franklin and Lynch, 1979).  

 

(d) Vascular endothelial growth factors (VEGFs) 

 

VEGF family members are produced and released by platelets, endothelial cells, fibroblasts, 

keratinocytes, macrophages, neutrophils and smooth muscle cells (Namiki et al., 1995; Banks 

et al., 1998; Gaudry et al., 1997; Berse et al., 1992). The members of the VEGF family 

include VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and placental growth factor 

(PLGF) (Saaristo et al., 2006). VEGF-A and VEGF-C play important roles in wound healing. 

VEGF-A promotes the proliferation and migration of endothelial cells, and angiogenesis 

(Nissen et al., 1998; Suzuma et al., 1998; Senger et al., 1996; Morbidelli et al., 1996; Pepper 

et al., 1992; Goto et al., 1993; Gerber et al., 1998). Macrophages secrete TNF-α, which 

induces VEGF-A expression by keratinocytes and fibroblasts during wound healing (Frank et 

al., 1995; Brown et al., 1992). VEGF-A is also expressed in response to cell stimulation by 

other cytokines and growth factors including bFGF, EGF, KGF, IL-1β, PDGF-BB, TGF-α, 

and TGF-β1 (Frank et al., 1995; Brogi et al., 1994; Stavri et al., 1995a). VEGF-A promotes 

tissue repair-associated lymphatic vessel formation during wound healing (Hong et al., 2004). 

It restores impaired angiogenesis in the ischemic limbs of diabetic animals (Walder et al., 

1996; Bauters et al., 1995; Bauters et al., 1994; Takeshita et al., 1994a; Takeshita et al., 

1994b). It improved reepithelialization of diabetic wounds through increased angiogenesis, 

by mobilizing and recruiting bone marrow-derived cells associated with enhanced vessel 

formation (Galiano et al., 2004). VEGF controls retinal endothelial cell migration in the 

presence of other growth factors including bFGF and IGF-1 (Deissler et al., 2013). 
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VEGF-C, which is released mainly by macrophages, plays a pivotal role during the 

inflammatory stage of the wound healing process (Schoppmann et al., 2002). It facilitates 

hematopoietic and inflammatory cell recruitment by binding to VEGFR-2, and increases 

vascular permeability (Cao et al., 1998; Witzenbichler et al., 1998). VEGF-C promotes 

angiogenesis by binding to VEGFR-2, and promotes lymphoangiogenesis by binding to 

VEGFR-3 (Joukov et al., 1997; Witzenbichler et al., 1998; Karkkainen et al., 2003). It 

accelerated wound healing in diabetic mice (Saaristo et al., 2006). PLGF also plays a role 

during the inflammatory stage of the wound healing process (Clauss et al., 1996; Hattori et 

al., 2002). It stimulates fibroblast migration, which plays a direct role in accelerating 

granulation tissue maturation (Cianfarani et al., 2006). 

 

(e) Hepatocyte growth factor (HGF) 

 

HGF plays multiple roles at different stages of the wound healing process (Conway et al., 

2006). It is produced and released mainly by mesenchymal cells, including fibroblasts, glial 

cells, macrophages, T-lymphocytes and smooth muscle cells (Rosen et al., 1994; Matsumoto 

and Nakamura, 1997). Its expression by keratinocytes is strongly upregulated within the 

wounded epidermis (Werner and Grose, 2003), and by cells in the granulation tissue during 

the healing process (Cowin et al., 2001). HGF stimulates the proliferation and migration of 

keratinocytes (Yoshida et al., 2003), and regulates MMP production by keratinocytes during 

wound repair (Dunsmore et al., 1996). It promotes reepithelialization through 

dedifferentiation of epidermal cells by the integrin-linked kinase (ILK) pathway (Li et al.). In 

addition, it promotes vascularization and granulation tissue formation via VEGF (Toyoda et 

al., 2001). HGF possesses lymphangiogenic activities both in in vitro and in vivo (Jiang et al., 

2005).  

 

(f) Transforming growth factor (TGF)-β 

 

TGF-β is produced and released by platelets, fibroblasts, bone cells, keratinocytes, 

lymphocytes and macrophages (Lee et al., 1997; Eppley et al., 2004; Rolfe et al., 2007; 

Bennett and Schultz, 1993). Other members of the TGF-β family include the TGF- isoforms 

TGF-β1, TGF-β1-3, TGF-β2, TGF-β3, as well as bone morphogenic proteins (BMPs), 
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activins and inhibins. TGF-β1, TGF-β2, and TGF-β3 have been shown to play a key role in 

the wound healing process (Barrientos et al., 2008). Monocyte chemoattractant protein 

(MCP)-1 induces TGF- expression by fibroblasts, and in turn TGF- induces MCP-1 

expression in an autoregulatory loop (Henry and Garner, 2003). TGF-β stimulates 

reepithelialization, angiogenesis, tissue regeneration, and matrix deposition during wound 

healing (Roberts et al., 1986). TGF-β and its isoforms are significantly decreased in chronic 

wounds due to proteolytic enzyme degradation by neutrophil elastase (Yager et al., 1997; 

Robson, 1997).  

 

TGF-β1 suppresses NO and superoxide production by IFN-activated macrophages (Mitra 

and Khar, 2004; Ding et al., 1990). It upregulated VEGF secretion in vitro (Riedel et al., 

2007), and plays a role in tissue repair through facilitating fibroblast contraction of the 

collagen matrix (Meckmongkol et al., 2007). It inhibits keratinocyte proliferation (Mazzieri 

et al., 2005; Sellheyer et al., 1993; Amendt et al., 1998), yet overexpression of TGF-β1 

increases the proliferation of keratinocytes during late stages of wound repair (Zambruno et 

al., 1995; Böttinger et al., 1997). In addition, TGF-β1 is a potent inhibitor of MMP-1, MMP-

3 and MMP-9 expression, and a promoter of tissue inhibitor of metalloproteinase (TIMP)-1 

synthesis (Mauviel et al., 1996; Papakonstantinou et al., 2003; Zeng et al., 1996; White et al., 

2000). 

 

TGF-β2 is also involved in all stages of the wound healing process (Merwin et al., 1991). It 

stimulates the formation of granulation tissue by inducing angiogenesis (Cordeiro et al., 

1999; Roberts et al., 1986). It accelerates reepithelialization, collagen deposition and scar 

formation (Cordeiro et al., 1999; Cox et al., 1992; Shah et al., 1995). TGF- β3 stimulates 

neovascularization and vascular rearrangement (Shah et al., 1995). 

 

1.7.4.2 Proinflammatory cytokines that play a key role in wound healing 

 

Proinflammatory cytokines are produced in response to the activation of immune cells, and 

amplify inflammatory reactions (Hübner et al., 1996). Several of the proinflammatory 

cytokines that play a key role in wound healing are discussed below. 
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(a) Tumor necrosis factor (TNF)-α 

 

TNF-α is a proinflammatory cytokine (Carswell et al., 1975) that is crucial for promoting the 

inflammatory cascade that leads to wound healing. It is primarily released by monocytes and 

activates endothelial cells, and recruited neutrophils and macrophages (Kunkel et al., 1989; 

Tracey et al., 1989). TNF-α is detectable within 12 h of wounding, reaching peak levels after 

72 h (Feiken et al., 1995). It stimulates leukocytes to produce IL-1β, IL-6 and IFN-γ (Tracey 

et al., 1989; Mooney et al., 1990), and induces the proliferation of keratinocytes and 

endothelial cells (Raja et al., 2007). TNF-α increased collagen synthesis and wound breaking 

strength in a mouse incision wound model (Mooney et al., 1990). In accord, TNF-α 

stimulates the expression of FGF-7, which promotes the proliferation of keratinocytes and 

their migration during wound healing (Brauchle et al., 1994). TNF-α stimulates the 

expression of MMP2 by fibroblasts, thereby affecting remodeling of the ECM (Han et al., 

2001). Excess or prolonged expression of TNF-α impairs wound healing by increasing MMP 

concentrations and decreasing cell proliferation, and preventing wound contraction (Trengove 

et al., 1999; Goldberg et al., 2007; Siqueira et al., 2010). Conversely, inhibition of TNF-α 

impairs healing (Narula et al., 2013; Mooney et al., 1990). TNF-α production normally 

increases at the start of wound healing and subsequently decreases. In contrast, in non-

healing wounds TNF-α level are low at the start of wound healing, and remain constant at 

later stages (Pukstad et al., 2010). Therefore, an appropriate balance of TNF-α expression is 

essential for effective wound healing. 

 

(b) Interleukin-1 

 

Both forms of IL-1, namely IL-1α and IL-1β, are present within the wound 12 to 24 h after 

injury (Hübner et al., 1996). Monocytes and macrophages express IL-1β, whereas IL-1α is 

mostly expressed by keratinocytes when injured (Kupper et al., 1986; Martinon et al., 2002; 

Ansel et al., 1988). In healing dermal wounds, IL-1α acts as one of the first proinflammatory 

signals. IL-1β is activated by processing by caspase-1 before being released by monocytes 

and macrophages (Martinon et al., 2002). It plays an essential role in the initiation and 

propagation of angiogenesis. It stimulates the proliferation of fibroblasts and keratinocytes 

(Sauder et al., 1990; McKay and Leigh, 1991; Carmi et al., 2009). IL-1 promotes the 

production of the profibrotic cytokines TGF-β and IL-6 (Aoki et al., 2006). It possesses 
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similar functions to TNF-α in that it upregulates MMP expression by dermal fibroblasts 

(Saklatvala et al., 1996; Kida et al., 2005). Prolonged and exaggerated expression of both 

TNF-α and IL-1β at the wound site leads to impaired healing (Tarnuzzer and Schultz, 1996). 

IL-1 receptor antagonist (IL-1ra), an inhibitor of IL-1, partially improved impaired wound 

healing (Maish III et al., 1999). Thomay et al. demonstrated that IL-1 receptor type 1 (IL-1R) 

knockout mice displayed a reduction of fibrosis in both cutaneous and tissue wounds, 

suggesting that modulating IL-1 induction could improve healing quality (Thomay et al., 

2009). 

 

(c) Interleukin-8 

 

IL-8 is a chemoattractant, and a potent activator of neutrophils (Van Zee et al., 1992). It is 

produced by monocytes, neutrophils, fibroblasts and endothelial cells. IL-8 increases re-

epithelialisation by stimulating keratinocyte proliferation and migration. It functions in all 

phases of the wound healing process (Rennekampff et al., 2000; Gillitzer and Goebeler, 

2001). 

 

(d) Interferon-γ 

 

IFN-γ is produced primarily by activated human helper T-cells and macrophages as a late 

mediator of inflammation (Nathan et al., 1983; Wilson and Westall, 1985). It increases the 

expression of other cytokines, in particular TNF-α. IFN-γ acts as a potent costimulus for 

iNOS and enhances both the anti-microbial and proinflammatory properties of macrophages 

(Ellis and Beaman, 2004; Roach et al., 1995). In one study, human umbilical vein endothelial 

cells were pretreated with either IFN-γ or IFN-α for 12 h (Maheshwari et al., 1991). IFN-α 

enhanced angiogenesis whereas IFN-γ inhibited it, suggesting that the IFNs may play 

important but opposing roles in the early stages of wound healing (Maheshwari et al., 1991). 

IFN-γ upregulates the activity of MMPs, and downregulates collagen synthesis by fibroblasts, 

as well as lattice contraction in a dose-dependent manner, suggesting that it minimizes 

scarring associated with wound contraction (Dans and Isseroff, 1994; Tamai et al., 1995; 

Amento et al., 1985; Yufit et al., 1995). Using a knockout mouse model, Ishida et al reported 

that the absence of IFN-γ results in accelerated wound healing, as evidenced by rapid wound 

closure and granulation tissue formation (Ishida et al., 2004). There was crosstalk between 
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IFN-γ and TGF-β1 signalling pathways during the wound healing process, with the absence 

of IFN-γ augmenting the TGF-β1-mediated signaling pathway. 

 

(e) Interleukin-17 family 

 

The IL-17 family is comprised of six closely related cytokines including IL-17A, IL-17B, IL-

17C, IL-17D, IL-17E (also known as IL-25) and IL-17F (Jin and Dong, 2013). IL-17A and 

IL-17F, which are the best characterized members, play an important role in chronic immune-

mediated diseases (Sabat et al., 2013). IL-17A closely resembles IL-17F in terms of structure 

and function (Gaffen et al., 2006). IL-17 producing CD4
+
 T cells arise as a population 

distinct from the classic Th1 and Th2 cells (Steinman, 2007; Park et al., 2005). Initially it was 

thought that IL-17 is only expressed by T-cells, but subsequent studies showed that it is 

secreted by variety of innate immune cells including macrophages, dendritic cells, lymphoid 

tissue inducer cells, neutrophils, natural killer cells and natural killer T cells (Korn et al., 

2009; Fossiez et al., 1996). IL-17 family members have been linked to a number of 

autoimmune diseases such as rheumatoid arthritis, psoriasis, inflammatory bowel disease, 

allergic skin immune responses, multiple sclerosis and inflammation-induced bone loss 

(Albanesi et al., 1999; Matusevicius et al., 1999; Lubberts et al., 2003). They upregulate 

proinflammatory cytokines including IL-6, TNF-α, and IL-1β, and chemokines including 

CXCL1, CCL2 (MCP-1), CXCL2 macrophage inflammatory protein (MIP-2), CCL7 (MCP-

3) and CCL20 (MIP-3A) (Ruddy et al., 2004). They induce MMP expression, allowing T 

cells to penetrate the ECM (Valente et al., 2012; Zepp et al., 2011).  

 

1.7.4.3 Anti-inflammatory cytokines that play a key role in wound healing 

 

Anti-inflammatory cytokines ensure that inflammation during wound healing is eventually 

resolved (Opal and Depalo, 2000).   

 

(a) Interleukin-10 

 

IL-10 suppresses the production by monocytes of a broad spectrum of cytokines and 

inflammatory molecules including IL-1α, IL-1β, IL-6, IL-12, TNF-α, IFN-γ, and PGE2 

(D'Andrea et al., 1993; Fiorentino et al., 1991; Moore et al., 2001; Oswald et al., 1992). 
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Conversely, it upregulates the expression of anti-inflammatory molecules including IL-1ra 

(Cassatella et al., 1994). IL-10 also inhibits inflammatory responses by reducing the 

expression of the major histocompatability complex (MHC) (De Waal Malefyt et al., 1991). 

IL-10 expression levels peak after 3 h during cutaneous wound healing, and return to normal 

levels by 24 h, and again increase after 72 h (Sato et al., 1999). Accelerated wound closure 

was seen in mice deficient for IL-10 (Eming et al., 2007). Conversely, fetal wound repair 

results in scar formation in IL-10-deficient mice, suggesting IL-10 contributes to scarless 

tissue repair in fetal dermal wound healing (Liechty et al., 2000). In accord, overexpression 

of IL-10 reduces inflammatory responses and promotes tissue regeneration in healing adult 

wounds (Peranteau et al., 2008). IL-10 may prevent scar formation by downregulating TGF-β 

and increasing type 1 collagen and fibronectin expression by normal skin fibroblasts 

(Yamamoto et al., 2001). 

 

1.7.4.4 Interleukin-6, a cytokine with pro- and anti-inflammatory properties 

 

IL-6 possesses both pro- and anti-inflammatory properties, and plays an important role in all 

stages of wound healing (Ashcroft and Masterson, 1994). It regulates leukocyte infiltration, 

granulation tissue formation, and collagen synthesis (Lin et al., 2003). Levels of IL-6 

correlate with neutrophil infiltration at the wound site (Mateo et al., 1994). TNF-α and IL-1 

stimulate almost all cells and tissues to produce IL-6, such that blocking both stimulators 

suppresses IL-6 expression (Elias and Lentz, 1990; Schindler et al., 1990). IL-6 expression is 

detectable 1 hour after injury, and peaks after 4 to 6 h, but it can remain in the circulation for 

as long as 10 days (Lin et al., 2000). Hence, IL-6 appears to play roles in both the acute and 

chronic phases of the inflammatory response. IL-6 is predominantly produced by 

macrophages, neutrophils, fibroblasts, lymphocytes, keratinocytes, epithelial and endothelial 

cells (Mateo et al., 1994). IL-6 activates and stimulates the growth of lymphocytes (Lotz et 

al., 1988). It activates neutrophils and delays neutrophil apoptosis via a mechanism involving 

platelet activating factor (PAF) (Biffl et al., 1996). IL-6-deficient mice display a delay in 

cutaneous wound healing, which is reversed by addition of IL-6, confirming that IL-6 plays 

an important role in the wound healing process (Gallucci et al., 2000; Gallucci et al., 2001).  
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1.7.5 Proliferation and remodeling phases 

 

In the case of wounds to the skin, the proliferation stage involves the migration and 

proliferation of keratinocytes, fibroblasts and epithelial cells in order to achieve wound 

closure (Williamson and Harding, 2004). Tissue formation and regeneration requires the 

development of new blood vessels (angiogenesis). 

 

(a) Angiogenesis 

 

Angiogenesis is critical for the successful healing of wounds, and is an essential component 

of both the inflammatory and proliferation phases of wound healing. It promotes wound 

granulation (Li and Li, 2003). In wound healing, angiogenic factors are normally produced by 

recruited immune cells. A variety of cytokines including IL-1, IL-6, IL-8 and TNF-α regulate 

angiogenesis during wound healing. IL-6 induces the expression of VEGF by multiple cell 

types (Lin et al., 2003). TNF-α is considered to be one of the most important angiogenic 

growth factors (McCourt et al., 1999). It stimulates neutrophils to produce VEGF (McCourt 

et al., 1999), and has been shown to stimulate neovascularisation in vivo (Fràter-Schröder et 

al., 1987). Other factors associated with angiogenesis include TGF-α, angiopoietin (Suri et 

al., 1996), angiogenin (Vallee and Riordan, 1997) and human mast cell tryptase (Blair et al., 

1997). Angiogenesis factors such as NO and VEGF induce vasodilation, and increase 

vascular permeability and the expression of proteolytic enzymes (Conway et al., 2001). FGF 

and VEGF control endothelial cell function during angiogenesis (Nissen et al., 1998; 

Tonnesen et al., 2000).  

 

(b) Fibroblast recruitment and roles 

 

The main function of fibroblasts is to maintain the physical integrity of the connective tissue 

by continuously secreting precursors of the ECM (White et al., 2003). Fibroblasts are 

considered as sentinel cells because of their ability to function as a structural element as well 

as being important immunoregulatory cells (Smith et al., 1997). They migrate into the blood 

clot that is formed on wounding, and replace fibrin with collagen (McDougall et al., 2006). 

During the angiogenic process, the ECM components produced by fibroblasts, such as 

collagen and laminin, play an important role in the development of blood vessels (Tettamanti 
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et al., 2004; McAnulty, 2007; Porter, 2007). EGF is mitogenic for both keratinocytes and 

fibroblasts (Marikovsky et al., 1993), and PDGF stimulates the proliferation and migration of 

fibroblasts and myofibroblasts during wound healing (Seppä et al., 1982). Fibroblasts 

produce TGF-β1, which increases wound contraction, whereas IFN-γ does the opposite 

(Moulin et al., 1998).  

 

1.7.6 Tissue/scar remodelling phase  

 

Tissue/scar remodelling is the last phase of the wound healing process and begins once 

epidermal cell migration is completed. Proteases and MMPs are necessary to drive the 

degradation of collagen, fibrin, and other matrix proteins under the control of the cytokine 

network (Singer and Clark, 1999). Tissue scars are formed, matured and strengthened. This 

process restores tissue integrity so that it is stronger than it was before the injury. If 

remodelling doesn’t occur, then the tissue is weakened making it prone to injury again. 

 

Although the coagulation, inflammation, proliferation, and remodelling phases are often 

described separately, in reality they overlap one another so that all four phases can be 

observed in different regions of a wound (Guus van der et al., 2008). The entire wound 

healing process begins at the moment of injury and can continue for months to years and 

attempts to define their boundaries may be fruitless (Stroncek and Reichert, 2007). 

 

1.8 Clinical trials of honey in the treatment of wounds 

 

There have been many observational and controlled clinical trials reporting that honey is 

beneficial in wound healing, but its efficacy in clinical trials has not been fully established as 

several trials report it lacks efficacy (Medhi et al., 2008). It has been reported that all types of 

wounds including venous leg ulcers, leg ulcers of mixed aetiology, diabetic foot ulcers, 

pressure ulcers (Efem, 1988; Hutton, 1966), burns (Subrahmanyam, 1991), boils, abscesses, 

abrasions, amputations, fistulas (Medhi et al., 2008), necrotising faciitis wounds (Efem, 

1993), neonatal postoperative wound infections (Vardi et al., 1998), and infected wounds 

from lower limb surgery (Betts and Molan, 2001) respond to honey therapy (Wood et al., 

1997; Dunford et al., 2000a; Dunford et al., 2000b; Natarajan et al., 2001). As described 

previously, application of honey as a wound dressing leads to rapid healing by immune 
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stimulation, removal of infection, cleansing action, tissue regulation, and reduction of 

inflammation (Gethin and Cowman, 2005; Lusby et al., 2006).  

 

1.8.1 Controlled clinical trials of the application of honey in wound healing 

 

Several randomized controlled clinical studies have been conducted comparing honey with 

other wound treatments. Of a total of 104 patients with superficial burn injuries, 52 patients 

were treated with honey and 52 patients were treated with silver sulfadiazine (control) 

(Subrahmanyam, 1991). Of the wounds treated with honey, 87 per cent healed within 15 days 

compared to only 10 per cent in the control group. Another randomized clinical study by the 

same group showed that honey treatment helped to improve the healing of partial thickness 

burns (Subrahmanyam, 1994). The study involved 64 patients, 42 of whom were treated with 

honey-impregnated gauze and the remainder with amniotic membrane. The burns treated with 

honey underwent rapid epithelization and healed within 15 days, whereas those treated with 

amniotic membrane treatment took between 11 to 30 days to heal. Honey had the additional 

benefit of controlling infection due to its anti-microbial activity. The same group conducted a 

study in which 25 of 50 superficial thermal burns patients were treated with a honey dressing 

and the remainder with silver sulfadiazine. Satisfactory epithelialization was seen by day 21 

in all of the patients treated with a honey dressing, compared to only 84% of patients treated 

with silver sulfadiazine (Subrahmanyam, 1998). The results were confirmed by Bangaroo et 

al. who also reported that treatment with honey healed pediatric burns more rapidly than 

silver sulfadiazine (Bangroo et al., 2005). Subrahmanyam et al. conducted a prospective 

study of 50 burn patients, who were randomized to treatment with early tangential excision 

(TE) and skin grafting, or application of honey. In this case, 92% of the TE-treated patients 

had well to excellent functional and cosmetic results versus only 55% of patients treated with 

honey (Subrahmanyam, 1999).  

 

A total of 26 patients with postoperative wound infections following caesarean section were 

treated every 12 h with crude undiluted honey, and another 24 patients were treated with local 

antiseptics, namely 70% ethanol and providone-iodine (Al-Waili and Saloom, 1999). After 

using honey, 22 out of the 26 patients showed complete wound healing without wound 

disruption within 10-20 days. It was reported that the wounds treated with honey showed 

faster clearance of infections, accelerated wound healing, and less wound dehiscence 
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(breakage) and scar tissue formation (Al-Waili and Saloom, 1999). In a study of 50 cases of 

chronic leg ulcers, honey was shown to reduce ulcer size, but treatment with phenytoin 

proved to be superior (Oluwatosin et al., 2000). In a study of split-thickness skin graft donor 

sites, 87 patients were treated either with honey-impregnated gauzes, honey-soaked gauzes, 

paraffin gauzes, hydrocolloid dressings, or saline-soaked gauzes (Misirlioglu et al., 2003). 

The honey-impregnated gauzes induced faster epithelization and less pain than paraffin 

gauzes and saline-soaked gauzes. There was no significant difference between treatments 

with hydrocolloid dressings versus honey-impregnated gauzes (Misirlioglu et al., 2003). In a 

study of catheter-associated infections in hemodialysis patients, 51 patients were treated with 

medical honey, and 50 patients were treated with mupirocin (Johnson et al., 2005). The 

medical honey was found to be safe and effective in preventing infection of the exit sites of 

the hemodialysis catheters, with its effectiveness being comparable to that of mupirocin 

(Johnson et al., 2005). 

 

A total of 23 patients with surgically drained abscess wounds were treated with honey and 20 

were treated with EUSOL-soaked gauze. The rate of healing achieved with honey was 

significantly more rapid than that of EUSOL (Okeniyi et al., 2005). Wounds treated with 

honey were dry and clean within 7 days, and complete epithelialization was observed within 

21 days (Okeniyi et al., 2005).  

 

In a double-blind randomized controlled trial, 52 participants having toenail surgery with 

matrix phenolisation were randomly assigned to receive honey treatment, and another 48 

participants received paraffin-impregnated tulle gras (McIntosh and Thomson, 2006). The 

rates of healing were almost identical, with honey causing healing within 40.3 days and 

paraffin-impregnated tulle gras within 39.98 days.  A double-blind study investigated 82 

goldmine workers with shallow wounds and abrasions (Ingle et al., 2006). A total of 42 

patients were treated with honey, and 40 patients with intrasite gel. The results were very 

similar with all patients being either satisfied or extremely satisfied with either treatment.  It 

was suggested that honey is a safe, effective, and relatively cheap wound healing agent (Ingle 

et al., 2006). A total of 15 patients with 25 pressure ulcers were treated with honey, and 11 

patients with 25 ulcers were treated with ethoxy-diaminoacridine plus nitrofurazone dressings 

(Günes and Eser, 2007). Baseline and wound characteristics after 5 weeks of treatment were 

similar for both treatments, but the rate of healing was 4 times superior with honey compared 
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to that of the control (Günes and Eser, 2007). Of 368 patients with venous leg ulcers, 187 

were treated with honey-impregnated dressings and 181 with standard care (alginate, 

hydrofibre, hydrocolloid, foam, hydrogel, iodine or silver dressings). In the honey treated 

group 55.6% of the ulcers healed within 12 weeks, whereas 49.7% of the ulcers treated by 

standard care healed in the same time period. There was no significance difference between 

the groups, indicating that the honey-impregnated dressings were not able to improve the 

healing of venous leg ulcers above that of standard care (Jull et al., 2008). 

 

1.9 Honeybee products support oral health and protect against infection of the oral and 

nasal mucosa 

 

1.9.1 Honey 

 

Honey has traditionally been used to treat infections, as described above in Section 1.1.2. 

Dioscorides (c.50 AD) wrote that honey heals inflammation of the throat and tonsils (Molan, 

1999). The linings of the nose, sinuses, mouth and throat, and gingiva of the teeth are 

common sites for viral and bacterial infection (Marsh and Martin, 1984; Gwaltney Jr et al., 

1994; Cauwenberge and Ingels, 1996; Rowland, 1999). The immune defence system at these 

regions is critical in protecting the body against infection, and is part of the mucosa-

associated lymphoid tissue. Since honey possesses both anti-bacterial and anti-viral activity 

(Zeina et al., 1996), and is immunostimulatory, it has potential in preventing and/or treating 

infections of the oral and nasal cavities.  

 

Inhibition of dental plaque formation by manuka honey was reported to be similar to that of 

chlorhexidine mouthwash, and better than that of xylitol chewing gum (Nayak et al., 2010). 

A pilot study indicated that manuka honey is effective in the treatment of gingivitis and 

periodontal diseases (English et al., 2004). Honey ingestion increases nitric oxide in saliva, 

which could be clinically important for wound healing, bacterial killing, and viral inhibition 

(Al-Waili and Boni, 2003). It was reported that oral intake of honey increases antibody 

production against thymus-independent and thymus-dependent antigens during primary and 

secondary immune responses (Al-Waili and Haq, 2004).  
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A wide range of home and herbal remedies including clove, lemon, licorice, and honey are 

used to treat the symptoms of upper respiratory tract infections (URTIs) (Ziment, 2002; 

Pfeiffer, 2005). In 2007, Paul et al. compared honey and dextromethorphan for their abilities 

to improve the nocturnal cough and sleep quality of 105 children (Paul et al., 2007). The data 

suggested that there was no significant difference between the treatments, but the parents 

rated honey treatment as more favorable for symptomatic relief (Paul et al., 2007). Another 

study compared the effect of honey, no treatment, dextromethorphan and diphenhydramide 

on 139 children aged 24-60 months suffering from coughing due to URTIs. The data 

suggested the intake of a 2.5 mL dose of honey before sleep has a greater alleviating effect on 

URTI-induced cough than dextromethorphan and diphenhydramide (Shadkam et al., 2010). 

A randomized controlled trial was conducted to compare the effect of a one day treatment of 

honey, with no treatment, or dextromethorphan, on 108 children aged 2 to 18 years. The 

results concluded that honey, but not dextromethorphan, was better than no treatment for 

nocturnal cough in children with URTIs (Axelsson, 2008). Recently, a double-blind 

randomised controlled trial with 97 adult patients concluded that the combination of honey 

and coffee was most effective for the treatment of persistent post-infectious cough (Raeessi et 

al., 2013). 

 

Several studies showed that honey reduces the severity and duration of radiation-induced 

mucositis (Biswal et al., 2003; Motallebnejad et al., 2008; Khanal et al., 2010). Ninety 

patients with acute lymphoblastic leukemia and oral mucositis grades 2 and 3 were divided 

into 3 equal groups and treated topically with either honey, a mixture containing honey, olive 

oil, propolis extract and beeswax (HOPE), or benzocaine (control group). The data reported 

that honey showed faster healing than either the HOPE or control groups (Abdulrhman et al., 

2012).  

 

1.9.2 Propolis 

 

Propolis is a natural antibiotic useful in treating URTIs such as the common cold and 

influenza viruses (Focht et al., 1993). A mouth rinse containing propolis made by Apis 

mellifera bees in the south of Brazil, classified as type SNB-RS, reduced insoluble 

polysaccharide and supragingival plaque formation under high dental plaque accumulation 

(Koo et al., 2002). Ozan et al. reported that mouth rinses containing different concentrations 



 Chapter One   

41 

 

(1, 2.5, 5 and 10%) of propolis were not as effective as a mouth rinse containing 0.2% 

chlorhexidine against oral microorganisms, but was less toxic to human gingival fibroblasts 

than chlorhexidine (Özan et al., 2007). Propolis reduced dental caries in rats, showed 

antimicrobial activity against S. mutans, and inhibited glucosyltransferase activity 

(Hayacibara et al., 2005). A clinical study in which 26 adult female subjects applied propolis 

twice daily to hypersensitive teeth, revealed that propolis reduced tooth hypersensitivity 

(Mahmoud et al., 1998). Pileggi et al. reported that propolis inhibits the late stages of 

osteoclast maturation, and suggested that propolis can reduce resorption associated with 

traumatic injuries to the teeth (Pileggi et al., 2009). Al-Qathami and Al-Madi revealed that 

propolis and sodium hypochlorite had comparable anti-microbial effects against microbial 

samples collected immediately after accessing the tooth canal, and after instrumentation and 

irrigation (Qathami and Al-Madi, 2003). Propolis was shown to have potential in eliminating 

Enterococcus faecalis from infected tooth root canals (Oncag et al., 2005; Awawdeh et al., 

2009). Both honey and propolis were suggested to have potential as anticalculus agents in 

toothpastes and mouthwashes (Hidaka et al., 2008).  

 

In a preliminary study, propolis was shown to statistically significantly decrease the 

frequency of outbreaks of recurrent aphthous stomatitis, a repeated formation of benign and 

non-contagious mouth ulcers that many people develop (Samet et al., 2007). 

 

 

1.10 Aims of the research project 

 

The project aimed to investigate the immunomodulatory properties of different varieties of 

honey and their bioactives on leukocytes and stromal cells normally found at a wound site, in 

order to better understand the effects of honey on the process of wound healing. Various 

honey components including LPS, apalbumins, a 5 kDa component and AGPs have been 

shown to stimulate cytokine production by immune cells, and are proposed to play a role in 

the early inflammatory phase of wound healing. AGPs were identified as an 

immunostimulatory component of kanuka and manuka honeys. The hypothesis is that the 

above honey bioactives stimulate cells within the wound site, including monocytes, 

peripheral blood mononuclear cells (PBMNCs), neutrophils, epithelial cells, endothelial cells, 

and fibroblasts to promote wound healing and improve wound strength. This study aimed to 
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determine whether these and other honey components have bioactivity capable of regulating 

the immune response, and to determine whether the different honey bioactives work together, 

or antagonize one another. Such information could be used to formulate honey-based 

products with improved healing properties. Finally, commercial honeybee products were to 

be examined in a pilot study for their potential to promote the health of the oral cavity of 

healthy human subjects, including both immune health, and protection against caries.  It was 

envisaged that the results of the above studies could be used to better inform the honey 

industry and consumers of the properties of different types of honey and honey-based 

products. 

 

 

The specific objectives of this study were as follows: 

 

Study 1: To define which structural feature of honey AGPs is responsible for their 

immunostimulatory properties. 

 

Study 2: To identify the other bioactive components apart from AGPs in honey those 

contribute to the immunomodulatory properties of honey. 

 

Study 3: To determine whether the different honey bioactives synergize or antagonize one 

another. 

 

Study 4: To determine the abilities of different varieties of honey to stimulate the production 

of cytokines and growth factors by fresh blood monocytes. 

 

Study 5: To compare gel clot and chromogenic LAL assays for measuring endotoxins in 

medical honeys, in order to inform the industry as to which assay is the best to use. 

 

Study 6: To determine the ability of honey and its bioactives to suppress the activation of 

leukocytes. 
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Study 7: To determine whether honey activates immune cells via TLRs. 

 

Study 8: To undertake a pilot study to determine whether the oral application of commercial 

honey-based products increases the levels of cytokines in saliva involved in immunity, and 

decreases the presence of caries-forming bacteria. 
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CHAPTER TWO 

MATERIALS AND METHODS 

 

2.1 Materials 

 

2.1.1 Chemicals and reagents 

 

Chemicals and reagents used in this study were obtained from the suppliers listed below: 

 

Abcam Inc. (Cambridge, MA, USA) 

β-actin 

 

Bacterius Ltd (Suite 2969, Houston, USA) 

Difco™ Snyder Test Agar  

 

BD Biosciences (Franklin Lakes, NJ, USA) 

Streptavidin-horseradish peroxidase (HRP) 

TMB Substrate Reagent Set (Substrate) 

Human recombinant tumor necrosis factor (TNF-α)  

 

BDH chemicals (Auckland, New Zealand)  

Disodium hydrogen phosphate (Na2HPO4) 

Potassium chloride (KCl) 

Potassium dihydrogen orthophosphate (KH2PO4) 

Sodium azide (NaN3) 

Sodium dihydrogen phosphate (NaH2PO4) 

Sodium hydroxide (NaOH) 

Sucrose 

Triton X-100 

Tween 20 
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Bio-Rad Laboratories (Hercules, CA, USA) 

Acrylamide 

Bis-acrylamide 

Glycine 

TEMED 

Urea 

 

Biolab Scientific Ltd (Albany, New Zealand) 

Formaldehyde 

 

Hunting tree Bioscience supplies (Auckland, New Zealand) 

Multiplex cytokine bead kits 

 

Industrial Research Ltd (Wellington, New Zealand) 

β-glucosyl Yariv reagent 

 

Innaxon (Vinvi Biochem, United Kingdom) 

IAXO-101  

 

Invitrogen (supplied by Life Technologies New Zealand Ltd, Penrose, Auckland)  

Bovine serum albumin (BSA) 

Defined keratinocyte serum-free medium (SFM), Combo 

Dulbecco's modified Eagle's medium (DMEM) 

Fetal bovine serum (FBS) 

Glycerol 

L-glutamine 

MCDB131 medium 

Minimum Essential Medium (MEM)  

Penicillin 

Prolong gold 

Roswell Park Memorial Institute (RPMI) 1640 medium 

Sodium dodecyl sulphate (SDS) 

Streptomycin  
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Invivogen (San Diego, CA, USA) 

TLR4 signaling inhibitor CLI-095 

Ultrapure lipopolysaccharide from R. sphaeroides (LPS-RS) 

 

Merck (Darmstadt, Germany) 

Tris base 

 

Orion Diagnostica (supplied by North Bay/Bioscience, LLC, Espoo, Finland) 

Dentocult SM strip mutans assay kit 

 

Peptide 2.0 Inc. (Chantilly, VA, USA) 

Biotinylated apisimin synthetic peptide  

 

Roche Applied Science (Mannheim, Germany) 

Agarose LE 

4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzenedisulfonate (WST-1 

reagent) 

NP40 lysis solution (10x) (Cat no: 04744926001) 

 

Sigma Aldrich (St. Louis, MO, USA) 

Aminoguanidine-HCl 

Bromophenol blue 

Camptothecin 

Chrysin 

DAPI (4’6-diamino-2-phenylindole) 

Dihydroxyacetone phosphate lithium salt 

Dimethylsulfoxide (DMSO) 

Dithiothreitol 

Extravidin-peroxidase 

Fructose 

Glucose  

Glycolic acid 
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Glyoxal 

Gum arabic 

Lipid removal adsorbent (LRA) 

Lipopolysaccharide (LPS) from Escherichia coli 0127:B8 

Methylglyoxal (MGO) 

Phorbol 12-myristate 13-acetate (PMA) 

Phospholipase C 

Polymyxin B (PmB)  

Tricine 

Trypsin 

Trypsin inhibitor 

 

Scharlau (supplied by Chem-Supply Pty Ltd, Port Adelaide, Australia) 

Acetic acid 

Glycerol 

Sodium chloride (NaCl) 

 

Scientific Supplies (Auckland, New Zealand) 

Methanol (MeOH) 

 

Tocris Bioscience (Bristol, United Kingdom) 

CU CPT 22 
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Antibodies 

 

Table 2.1 Primary antibodies used in this study  

Antibody Host  Supplier Isotype Dilution 

Monoclonal mouse anti-

human TNF antibody 

Mouse BD Biosciences (Franklin 

Lakes, NJ, USA) 

IgG1 2:1000 

Polyclonal anti-lipid-A 

antibody 

Goat Novus Biologicals (supplied 

by Sapphire Bioscience, 

Littleton, CO, USA) 

IgG 1:2,000 

Monoclonal anti-apisimin 

antibody 

Mouse Promab Biotechnologies, Inc. 

(Suite, Richmond, CA) 

IgM 1:5,000 

Anti-AGP ((beta)GlcA1-

>3(alpha)GalA1->2Rha) 

polyclonal antiserum 

(JM13) 

Rat Complex Carbohydrate 

Research Centre (Athens, 

GA, USA) 

IgM 1:10 

 

Table 2.2 Secondary antibodies used in this study 

Antibody Host  Supplier Isotype Dilution 

Biotin-anti-rabbit IgG Goat Sigma Aldrich (St. Louis, 

MO, USA) 

IgG 1:2,000 

HRP-conjugated anti-rat 

IgG  

Rabbit Sigma Aldrich (St. Louis, 

MO, USA) 

IgG 1:10,000 

HRP-conjugated anti-

mouse IgG  

Goat Sigma Aldrich (St. Louis, 

MO, USA) 

IgG 1:10,000 

HRP-conjugated anti-goat 

IgG  

Rabbit Sigma Aldrich (St. Louis, 

MO, USA) 

IgG 1:10,000 

 

Honey samples 

 

Samples of New Zealand honey and Royal Jelly (Table 2.3) were supplied by Comvita New 

Zealand Ltd in yellow screw-cap polystyrene containers (Labserv, Biolab Scientific, 

Auckland, NZ). The honey samples were delivered at ambient temperature, and upon receipt 
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were immediately divided into aliquots of 5-10 g, and stored at -20°C. At the time of 

experimentation, a particular honey aliquot was thawed and stored at 4
o
C and dipped into as 

required until it was depleted.  

 

Commercial honeys (Table 2.4) were bought from a supermarket (Countdown, Auckland, 

NZ) and stored at 4ºC until required.  

 

Medihoneys (Table 2.5), based on manuka honey, were supplied by Comvita New Zealand 

Ltd and international therapeutic honeys (Table 2.5) in yellow screw-cap polystyrene 

containers (Labserv, Biolab Scientific, Auckland, NZ).  The honey samples were stored as 

described above. 

 

Table 2.3 New Zealand honey samples analyzed in this study 

Honey type Principal floral source 

Manuka Leptospermum scoparium 

Kanuka Kunzea ericoides  

Clover Trifolium spp. 

 

Table 2.4 Commercial honey samples analyzed in this study 

Honey type Manufacturer Country of manufacture 

Manuka UMF5+ Manuka Doctor New Zealand 

Manuka Redseal New Zealand 

Manuka Heinz New Zealand 

Manuka Arataki New Zealand 

Manuka Airborne New Zealand 

Clover Holland New Zealand 

Clover Arataki New Zealand 

Clover Airborne New Zealand 

Liquid honey Airborne New Zealand 
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Table 2.5 Medihoney samples analyzed in this study 

Serial No. Honey type (date of production) Lot and batch number 

1 Manuka 2011/03 Lot 2314/ BB: 2014/03 

2 Wound gel 2013/10 Lot 1344/ BB: 2016/10 

3 Manuka 2011/08 Lot 2031919/ BB: 2014/08 

4 Manuka 2008/07 Lot 15543983/ BB: 2011/07 

5 Manuka 2003/11 Lot 2786842/ BB: 2006/11 

6 Manuka 2008/03 Lot 15543982/ BB: 2011/03 

7 Manuka 2009/03 Lot 23A94/ BB: 2012/03 

8 Wound gel 2012/09 Lot 1237/ BB: 2015/09 

9 Wound gel 2013/09 Lot 1337/ BB: 2016/09 

10 Wound gel 2012/01 Lot 20A01/ BB: 2015/01 

11 Manuka 2009/06 Lot 45A02/ BB: 2012/06 

 

Table 2.6 International honey samples analyzed in this study. 

Serial 

 No. 

Honey type  Origin Plant species* 

1 Jelly bush 1 Australia Leptospermum polgalifolium 

2 Jelly bush 2 Australia Leptospermum polgalifolium 

3 Jelly bush 3 Australia Leptospermum polgalifolium 

4 Tasmania manuka 1 Tasmania 

Australia 

Leptospermum scoparium var.exinium 

5 Tasmania manuka 2 Tasmania 

Australia 

Leptospermum scoparium var.exinium 

6 Eucalypt 1 Australia Eucalyptus globulus 

7 Eucalypt 2 Australia Eucalyptus macrorhyncha 

8 Jarrah 1 Western Australia  Eucalyptus marginata 

9 Jarrah 2 Western Australia  Eucalyptus marginata 
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10 Marri 1 Western Australia  Corymbia calophylla 

11 Marri 2 Western Australia  Corymbia calophylla 

12 Tallow wood Tasmania 

Australia 

Eucalyptus microcorys 

13 Gelam Australia Melaleuca cajaputi 

14 Prickly box Tasmania 

Australia 

Bursaria spinosa 

15 Multifloral Australia Unknown 

16 Leatherwood 1 Tasmania 

Australia 

Eucryphia lucida 

17 Leatherwood 2 Tasmania 

Australia 

Eucryphia lucida 

18 Leatherwood 3 Tasmania 

Australia 

Eucryphia lucida  

19 Ulmo 1 Chile Eucryphia cordifolia 

20 Ulmo 2 Chile Eucryphia cordifolia 

21 Buckwheat Canada Fagopyrum esculentum 

22 Buckwheat Probably Japan or 

China 

Fagopyrum esculentum 

23 Buckwheat China via Parodi Fagopyrum esculentum 

24 Sidr 1 Saudi Arabia Ziziphus spina-christi 

25 Jujube China Ziziphus zizyphus 

26 Sidr 2 Yemen Ziziphus spina-christi 

27 Tualang Malaysia Koompassia excelsa 

28 Amber honey Malaysia (Maybe Tualang honey) 

29 Quillay honey Chile Quillaja saponaria 

30 Lychee Indonesia Litchi chinensis 

31 Acacia France Acacia sp. 

32 Spanish orange Italy Citrus sinensis 

33 Tupelo USA Nyssa sp. 

34 Heather Scotland Erica sp. 

35 Orange USA Citrus sinensis 
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36 Lavender French France Lavendula sp. 

37 Rosemart Italian Italy Rosemarinus sp. 

38 NZ Ling New Zealand Erica sp. 

39 NZ Thyme New Zealand Thymus vulgaris 

40 NZ Thyme New Zealand Thymus vulgaris 

41 Aroeira Brazil Schinus terebinthifolius 

42 Apiter sample 1 Uruguay Unknown 

43 Multifloral Samoa Unknown 

44 Clover NI New Zealand Trifolium spp. 

45 Clove4r SI New Zealand Trifolium spp. 

46 Manuka 1 New Zealand L.Scoparium (Northland) 

47 Manuka 2 New Zealand L.Scoparium (Taupo north, Waikato*) 

48 Manuka 3 New Zealand L.Scoparium (Taupo north, East 

Coast*) 

49 Manuka 4 New Zealand L.Scoparium (Taupo north, 

Wairarapa*) 

50 Manuka 5 New Zealand L.Scoparium (South Island) 

51 Kanuka 1 New Zealand Kunzea ericoides 

52 Kanuka 2 New Zealand Kunzea ericoides 

53 Kanuka 3 New Zealand Kunzea ericoides 

54 Rewarewa 1 New Zealand Knightia excelsa 

55 Rewarewa 2 New Zealand Knightia excelsa 

56 Rewarewa 3 New Zealand Knightia excelsa 

57 Towai New Zealand Weinmannia silvicola 

58 Kamahi New Zealand Weinmannia racemosa 

59 Honeydew New Zealand Honeydew 

60 Honeydew New Zealand Honeydew 

61 Sidr ex UAE Ex Paengaroa, 

New Zealand 

Ziziphus spina-christi 

62 Western Australia 1 Western Australia Leptospermum subtenue 

63 Western Australia 2 Western Australia Leptospermum subtenue 
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64 Western Australia 3 Western Australia Leptospermum subtenue 

65 Jarrah 3 Western Australia Eucalyptus marginata 

66 Jarrah 4 Western Australia Eucalyptus marginata 

67 Marri 3 Western Australia Corymbia calophylla 

68 Marri 4 Western Australia Corymbia calophylla 

69 Jarrah 5 Western Australia Eucalyptus marginata 

* The floral source of some honeys could not be confirmed. 

 

Table 2.7 Comvita commercial consumer products analyzed in this study 

Serial No. Name of the product* Batch number 

1 Pure manuka honey lozenges 

(extra strength) (UMF 10+) 

HBCM0013 

2 Manuka honey (UMF 15+) 17875855 

3 Manuka honey (UMF 5+) 17971827 

4 45° South clover honey 18186491 

5 Propolis herbal elixir (UMF 

10+) 

17546573 

6 Propolis extract  

(extra strength)  (PFL 30) 

17094595 

7 Propolis oral spray  

(extra strength) (UMF 10+) 

17075207 

8 Olive leaf complex (SYN 12) 18033439 

*UMF, unique manuka factor; PFL, Propolis flavonoid level 

 

Lipopolysaccharide (LPS) solution 

 

LPS from an Escherichia coli 0127:B8 cell culture was obtained from Sigma. It had been 

purified by gel-filtration chromatography, and shown to contain < 1% protein. It was diluted 

in milli-Q water to give 1 mg/mL, and aliquoted into 50 µL stocks, which were kept at –

20°C.   
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2.1.2 Other materials 

 

Amicon ultracentrifugation filter units of 3 and 30 kDa molecular weight cut-off were 

obtained from Biolab Scientific, Auckland, New Zealand. Microlon high-binding 96-well 

plates for enzyme-linked immunosorbent assays (ELISAs) were obtained from Greiner, Bio-

One, New Zealand. Heparinized tubes to collect venous blood from donors were obtained 

from BD Biosciences, Franklin Lakes, USA. 

 

Enzyme-linked immunospot (ELISPOT) kits were obtained from Pharmaco Life 

Sciences/Pharmaco (NZ) Ltd (Mt Wellington, Auckland, New Zealand) and Mabtech 

(supplied by Resolving Images, Nacka Strand, Sweden) 

 

Other routinely used materials, including pipette tips, serological pipettes, culture vessels, 24-

well plates, pipettors, 0.2 µm filters and barrier tips were obtained from the following 

manufacturers or suppliers: Axygen Inc., Tewksbury, MA, USA; Biolab Scientific, 

Auckland, New Zealand; Eppendorf, North Ryde, NSW, Australia; Nunc (supplied by 

Thermo Fisher Scientific Inc., Waltham, MA, USA); Sartorius AG, Goettingen, Germany; 

and Sorenson Bioscience Inc (supplied by Medica Ltd, Albany, New Zealand).  

 

2.1.3 Buffers and gel solutions  

 

Phosphate buffered saline (10 x PBS) 

80 g NaCl  

2 g KCl  

26.8 g Na2HPO4  

2.4 g KH2PO4  

Up to 1 L with milli-Q H2O  

1 x PBS (pH 7.4) was used throughout experiments by diluting 10x stock at a 1:10 ratio in 

milli-Q H2O 

 

Coating buffer 

11.8 g Na
2
HPO

4
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16.1 g NaH
2
PO

4
  

Up to 1 L (pH 9.6) with milli-Q H2O, and then frozen in 10 and 50 mL aliquots in Falcon 

tubes until required. 

 

Protein loading dye solution (non-reducing) (5x)  

360 mM Tris-Cl pH 6.8  

10% (w/v) sodium dodecyl sulfate (SDS)  

30% (w/v) glycerol  

0.03% Bromophenol blue  

 

Protein loading dye solution (reducing) (5x)  

Protein loading dye solution containing 0.5 M dithiothreitol 

 

Tris buffered saline with Tween-20 (T-TBS)  

6 g NaCl  

3 g Tris-HCl  

0.2 g KCl  

Up to 1 L (pH 8.0) with milli-Q H2O  

Then add 1 mL Tween-20  

 

Blocking solution for Western blotting  

5% (w/v) skim milk powder  

Dissolved in T-TBS  

 

Western blot transfer buffer  

20% MeOH  

80% 1x Tris-glycine SDS-gel running buffer 

 

Tris-glycine SDS-gel running buffer  

1.24 M Tris base  

9.6 M glycine  

5% (w/v) SDS  



  Chapter Two   

57 

 

Diluted in H2O (pH 8.3)  

 

30% acrylamide solution 

30% (w/v) acrylamide  

0.2% bis-acrylamide 

Diluted in H2O  

 

Tris-glycine SDS-gel separating gel (12%)  

1.7 mL H2O  

2.0 mL 30% acrylamide  

1.3 mL 1.5 M Tris (pH 8.8)  

0.05 mL 10% SDS 

0.05 mL 10% ammonium persulfate (APS) 

0.002 mL TEMED 

 

Tris-glycine SDS-gel stacking gel  

1.4 mL H2O  

0.33 mL 30% acrylamide  

0.25 mL 1.0 M Tris (pH 6.8)  

0.02 mL 10% SDS 

0.02 mL 10% ammonium persulfate (APS) 

0.002 mL TEMED 

 

Tris-tricine SDS-gel separating/spacing buffer 

3 M Tris base 

0.3% (w/v) SDS 

pH 8.9 

 

2 x crosslinker acrylamide 

48% (w/v) acrylamide 

3% (w/v) bis-acrylamide 

Diluted in H2O  
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Tris-tricine SDS-gel anode buffer (10x) 

2 M Tris-Cl 

Diluted in H2O  

pH 8.9 

 

Tris-tricine SDS-gel cathode buffer 

1M Tris base 

1M Tricine 

1% (w/v) SDS 

Diluted in H2O  

 

Tris-tricine SDS-gel separating gel 

6.7 mL H2O  

10 mL Tris-tricine SDS-gel separating/spacing buffer 

10 mL 2x crosslinker acrylamide  

3.2 mL glycerol 

100 μL 10% (w/v) APS 

10 μL TEMED 

 

Tris-tricine SDS-gel spacing gel 

6.95 mL H2O  

5 mL Tris-tricine SDS-gel separating/spacing buffer 

3 mL 2x crosslinker acrylamide  

50 μL 10% (w/v) APS 

5 μL TEMED 

 

Tris-tricine SDS-gel stacking gel 

10.3 mL H2O  

1.9 mL 1.0 M Tris (pH 6.8)  

2.5 mL 30% acrylamide 

150 μL 0.5M EDTA (pH 8.0) 
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100 μL 10% (w/v) APS 

7.5 μL TEMED 

 

2.1.4 Cell lines and tissue culture reagents  

 

2.1.4.1 Cell lines 

 

Cells and cell lines sourced from various companies included THP-1, a human acute 

monocytic leukemia cell line (ATCC HIB-202); U-937, a human histiocytic lymphoma cell 

line (ATCC CRL-1593.2); normal human epidermal keratinocytes (Invitrogen, 12332-011); 

normal human neonatal fibroblasts (ATCC PCS-201-010), and human dermal microvascular 

endothelial cells (CDC.HMEC-1) that were obtained from Terry Comans, Centers for Disease 

Control, Atlanta, GA. 

 

2.1.4.2 Tissue culture media and components 

 

Fetal bovine serum (FBS) 

 

FBS (Invitrogen, supplied by Life Technologies New Zealand Ltd, Penrose, Auckland) was 

heat-inactivated at 56°C for 30 min before supplementing into media.  

 

RPMI 1640 medium 

 

RPMI 1640 medium (Invitrogen) contains 300 mg/L of L-glutamine and 2,000 mg/L D-

glucose. The complete RPMI medium consisted of RPMI 1640 medium supplemented with 

100 U/mL of penicillin, 100 μg/mL of streptomycin and 0.29 mg/mL of L-glutamine (PSG) 

(Invitrogen) and 10% FBS (Invitrogen).  

 

Cell freezing medium 

 

RPMI medium containing 10% FBS and 1% PSG supplemented with 5% DMSO 
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2.2 Methods 

 

2.2.1 General methods 

 

2.2.1.1 Preparation of honey samples 

 

Honey samples were weighed using a top-pan balance (Mettler, Toledo, USA). Samples (100 

mg) were diluted in appropriate medium (1 mL) to give a final working stock concentration of 

10% (w/v) honey, respectively, and then incubated at 37°C for 5 min to allow the honey to 

dissolve.  

 

2.2.1.2 Preparation of artificial honey (AH) 

 

AH was prepared by dissolving 192 mg fructose, 180 mg glucose and 4 mg sucrose (Sigma 

Aldrich) in 10 mL of the appropriate medium, filtered through a 0.20 µm (DISMIC-13CP) 

disposable syringe filter (Millipore, Auckland), and used immediately. The filtered AH is 

equivalent to 4% (w/v) honey (Gannabathula et al., 2012). 

 

2.2.1.3 Preparation of TNF-α standards 

 

The human TNF-α standard was at 2,500 ng/mL, which was prepared from a stock solution of 

0.2 mg/mL TNF-α, aliquoted into Eppendorf tubes, and stored at -80°C. 

 

2.2.2 Cell isolation and culture methods 

 

2.2.2.1 Isolation of peripheral blood mononuclear cells (PBMCs)  

 

Ethics approval 

 

Ethics approval (Ref. 2010/462) (refer to Appendix) was granted by the University of 

Auckland Human Participants Ethics Committee (UAHPEC), Auckland, for the isolation of 

PBMCs from healthy human donors. Consenting adults donated 50 mL of venous blood, 
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which was collected into heparinized tubes (BD Bioscience).  

 

Preparation of a buffy coat 

 

A 50 mL blood sample from a consenting donor was diluted with an equal volume of PBS. 

Three 50 mL falcon tubes were each filled with 15mL of Ficoll-hypaque, and 30-35 mL of 

diluted blood was overlaid on top. The tubes were centrifuged at 400 g for 40 min, and then 

the buffy coat containing PBMNCs and monocytes was washed thrice in PBS with 

centrifugation at 400 g for 10 min. The cells were resuspended in RPMI 1640 medium, 

counted, and seeded into 96- or 24-well plates at 1 x 10
6
 cells/mL. 

 

2.2.2.2 Isolation of monocytes and PBMNCs 

 

The cells from a buffy coat prepared from 50 ml of blood, as above, were resuspended in 

RPMI 1640 medium (Gibco) containing 10% FBS. They were enumerated, seeded into 96- or 

24-well plates, and the plates incubated for 1 h at 37
o
C to allow the monocytes to attach. The 

lymphocytes, which remain unattached, were discarded, leaving just the attached monocytes. 

The attached monocytes were washed with full RPMI medium for further study. Alternatively, 

whole buffy coat PBMNCs were used unfractionated. They were counted and seeded into 6- 

or 24-well plates and used directly for further study. 

 

2.2.2.3 Isolation of neutrophils 

 

A 5 mL blood sample from a consenting donor was overlaid onto 2.5 mL of histopaque 1077 

solution, which had been overlaid onto 2.5 mL of histopaque 1119 solution in a Falcon tube. 

The tubes were centrifuged at 700 g for 30 min, and the buffy coat containing the PBMNCs in 

the top layer was discarded, and the neutrophils from the bottom layer were collected. The 

neutrophils were washed in PBS, and pelleted by centrifugation at 400 g for 10 min. The 

contaminating red blood cells were lysed for 30 sec by cell suspension in 25 mL of 0.2% 

NaCl, and then 25 mL of 1.6% NaCl was added with mixing, followed by centrifugation at 

400 g for 10 min. The pelleted neutrophils were washed in PBS, followed by centrifugation at 

400 g for 10 min. The cells were resuspended in full RPMI 1640 medium, counted, and 
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seeded into 96- or 24-well plates at 1 x 10
6
 cells/mL final concentration. 

 

2.2.3 Cell-based assays 

 

2.2.3.1 Cell cytotoxicity assay  

 

To measure the cytotoxicity of honey samples towards monocytes, 5 x 10
4
 monocytes were 

placed in each well of a 96-well plate, and different concentrations of a honey sample, ranging 

from 0.1 to 10% (w/v), were added to a final volume of 100 μL. Artificial honey (see 

Materials) was used as a sugar control, lysis solution (Roche Applied Science) was used as a 

positive control, and cells with medium alone were used as a negative control. The honey 

samples were added to the monocytes which were then incubated for 24 h at 37
o
C in a 5% 

CO2 incubator. The WST-1 agent (10 µL/well) was added to the cells followed by incubation 

for 1 h at 37
o
C in a 5% CO2 incubator. The absorbance of the samples was measured at 450 

nM using a microplate plate reader. The amount of cytotoxicity was calculated according to 

the equation.  

 

       ANC = Absorbance of negative control, ATS = Absorbance of test samples 

 

2.2.3.2 TLR4 signaling assay 

 

Fresh blood PBMCs were isolated as above and cultured in duplicate in 24-well plates at 1 x 

10
6
 cells/mL in 250 μL of medium per well. The plates were incubated for 1 h, and the 

unattached cells lymphocytes were discarded. The attached monocytes (1 x 10
5
 cells/mL) 

were washed once with complete RPMI medium. They were pretreated for 15 min at 37°C 

with TLR signaling inhibitors including CU-CPT22, IAXO-101, CLI-095 and LPS-RS, and 

then honey samples and components were added, and the cells were incubated at 37°C for 4 h. 

The cell culture supernatants were collected and stored at -80°C until TNF-α concentrations 

were measured by ELISA. 
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2.2.4 Gel and plate assays 

 

2.2.4.1 SDS-gels  

 

Tris-glycine and Tris-tricine SDS-gels were prepared using a Hoefer Mighty small 

SE250/SE260 mini vertical electrophoresis apparatus (Amersham Bioscience). Tris-glycine 

12% polyacrylamide SDS-gels were used to resolve proteins of > 20 kDa, whereas 15% 

polyacrylamide Tris-glycine gels and Tris-tricine gels were used for low molecular weight 

proteins of ≤ 20 kDa. A Precision Plus Protein™ All Blue prestained ladder (161-0373, Bio-

Rad Laboratories) provided protein molecular weight standards for the Tris-glycine gels, and 

See Blue Plus2 Pre-Stained Standards (LC5925, Life Technologies) were used for Tris-tricine 

gels. Tris-glycine gels were run with Tris-glycine SDS-gel running buffer, and Tris-tricine 

gels were run with 1x anode and 1x cathode buffers (refer to Materials). Samples were diluted 

in SDS buffer and protein loading dye solution was added, heated at 95°C for 5 min, and 

loaded into the wells of the SDS-gels. Electrophoresis was carried out at a constant 25 

mA/gel. Proteins were electrophoresed under reducing conditions unless otherwise stated. 

Tris-glycine non-denaturing gels were prepared as above without SDS. 

 

2.2.4.2 Western blotting  

 

Proteins separated on Tris-glycine SDS-gels were transferred onto Hybond-P polyvinylidene 

difluoride (PVDF) membranes (0.45 μM pore size, Amersham Bioscience) using the semi-dry 

transfer method. Proteins separated on Tris-tricine SDS-gels were transferred onto 

nitrocellulose membranes (0.2 μM pore size, Bio-Rad Laboratories). The PVDF membranes 

were pre-washed in 100% methanol for 10 sec, whereas the nitrocellulose membranes were 

pre-washed in H2O for 10 sec. The membranes were then soaked for 15 min in Western blot 

transfer buffer together with 6 pieces of Whatman® filter paper (Schleicher & Schuell UK 

Ltd.) per gel. The membrane and gel were sandwiched between the filter papers in a Hoefer 

TE77 semi-dry transfer unit. Protein transfer was conducted for 1 h at 50 mA/gel. The 

membrane was blocked with 5% (w/v) skim milk powder in T-TBS for 1 h at RT, and 

incubated overnight at 4°C with a primary antibody diluted in 3-5 mL of 5% (w/v) skim milk 
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powder in T-TBS. See Table 2.1 for a list of primary antibodies used and their concentrations. 

The membrane was washed thrice for 15 min with T-TBS, and incubated for 2 h at RT with a 

peroxidase-conjugated secondary antibody diluted in 5-10 mL of T-TBS containing 5% (w/v) 

skim milk powder. See Table 2.1 for a list of secondary antibodies used and their 

concentrations. The membrane was washed again three or four times with T-TBS for 1 h at 

RT, and incubated with Enhanced Chemiluminescence (ECL) solution (Amersham 

Bioscience). Immunoreactivity was recorded with a Fujifilm LAS-3000 scanner.  

 

2.2.4.3 Densitometry analysis of bands on Western blots 

 

Western blot membranes were scanned using the Fujifilm LAS-3000 scanner, and the 

resulting greyscale images were analysed by ImageJ (http://rsb.info.nih.gov/ij/). Rectangular 

boxes were drawn around each lane to be analysed, and the scan results plotted to reveal the 

area of intensity in the form of a peak for each gel band. The intensity of each protein band 

was quantified by drawing a line under the band peak at background level. The software wand 

tool was then used to generate the area under the curve to give a measure of peak intensity. 

The intensities of selected bands were compared directly to the corresponding β-actin loading 

control band to give an indication of the amount of protein of interest relative to the total 

protein loaded per lane. 

 

2.2.4.4 Dot blot assay 

 

A nitrocellulose membrane was labelled with circles using a pencil and samples were spotted 

onto the membrane at the center of each circle using a narrow-mouth pipette tip. The 

membrane was air-dried at RT, blocked for 1 h at RT by soaking in blocking buffer, and 

washed thrice for 15 min in washing buffer. The membrane incubated with primary antibody 

for 1-2 h at RT as described previously for western blotting. The membrane was washed thrice 

for 15 min with washing buffer, and incubated with secondary antibody for 30 min to 1 h at 

RT. It was washed thrice with washing buffer, developed with ECL substrate solution, and 

immunoreactivity recorded using a Fujifilm LAS-3000 scanner. 
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2.2.4.5 Agar radial diffusion assay  

 

The agar radial diffusion assay was based on a protocol previously described by Tryfona et 

al. and van Holst and Clarke (van Holst and Clarke, 1985; Tryfona et al., 2010). It is based 

on the fact that AGPs are bound and precipitated in solution by the β-galactosyl Yariv 

reagent. Isolated kanuka honey AGP was dissolved to give different concentrations in 0.15 M 

NaCl buffer solution containing 0.02% sodium azide. Molten agarose gel (1%) containing 

0.15 M NaCl, 0.02% sodium azide and 0.002% of the β-galactosyl Yariv reagent was poured 

into a 33 mm petri dish. The gel was allowed to set, and then wells (5 mm diameter) were 

punched in the agar. Sample solutions (15 μL) were pipetted into the wells. Buffer was used 

as a negative control, and gum arabic (Sigma) as a positive control, respectively. Petri dishes 

were sealed and incubated in the dark at RT for 2-4 days until a orange-coloured precipitin 

halo developed around the wells. 

 

2.2.4.6 Rocket gel electrophoresis assay 

 

Rocket gel electrophoresis is a more advanced and sensitive gel-based method to measure the 

levels of AGPs in honey, compared with the agar radial diffusion assay. Isolated AGPs from 

kanuka honey were quantified by rocket gel electrophoresis using gum arabic (Sigma 

Aldrich) as a standard according to the method described by Komalavilas et al. and 

Wisniewska and Majewska-Sawka (Komalavilas et al., 1991; Wiśniewska and Majewska-

Sawka, 2007). Molten agarose (1%) containing 25 mM Tris-Cl, 200 mM glycine, pH 8.4, and 

15 μM Yariv reagent was poured on plates to give a gel of 1.5 mm thickness. Wells were 

punched in the agarose, and loaded with the honey samples and controls. Electrophoresis was 

carried out at constant 60 volts in Tris-glycine buffer (25 mM Tris-Cl, 200 mM glycine, pH 

8.4) for several hours (4 to 8 h) at RT until the rockets were well developed. The 

concentrations of AGP in the samples were estimated in relation to the area of the precipitin 

peaks formed with gum arabic using the programme Image J.  
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2.2.4.7 Crossed-gel electrophoresis 

 

The honey AGPs were further characterized by two-dimensional crossed-gel electrophoresis 

(van Holst and Clarke, 1985). AGPs (5 μg) were initially separated in 1% agarose gels by 

electrophoresis in Tris-glycine buffer, and then electrophoresed in a second direction in a 1% 

agarose gel supplemented with 15 μg/mL of Yariv reagent. The Yariv reagent precipitated the 

AGPs as they moved towards the anode.  

 

2.2.4.8 ELISA assay to measure TNF-α expression 

 

Capture antibody (20 µL) was diluted in 10 mL of coating buffer and 100 µL of the diluted 

antibody solution was added to the wells of a 96 well ELISA plate. The plates were wrapped 

in glad wrap, and incubated overnight for 18 h at 4
°
C in a darkened humidity chamber. The 

plates were washed 5 times with PBS-T using a plate washer (ELx 50-Auto strip washer). 

Each well was blocked to minimize non-specific binding by the addition of PBS containing 

10% FBS (100 µL), and the plates incubated for 1 h in a darkened humidity chamber at RT. 

TNF-α standards were prepared in duplicate by diluting human TNF-α (BD Biosciences) in 

PBS containing 1% (w/v) FBS to concentrations ranging from 7.825-1,000 pg/mL to 

establish a standard curve for each ELISA plate. After blocking, the plate was washed 5 times 

with PBS-T using the plate washer. Supernatants from stimulated monocytes, TNF-α 

standards, and controls were added to the wells in duplicate, and the plates incubated for 2 h 

at RT in a darkened humidity chamber. The plates were then washed 5 times with PBS-T 

solution with the plate washer  

 

A mixture of 20 µL of a biotinylated mouse anti-human TNF detection antibody and 10 µL of 

HRP-conjugated streptavidin were diluted to a final volume of 10 mL and a 100 µL aliquot 

added to each well. The plates were incubated for 1 h at RT, and washed 7 times with PBS-T 

using the plate washer. TMB Substrate Reagent A and B were mixed in equal volumes and 

100 µL added to each well, and the plates incubated at RT for 30 min in the dark until colour 

formation. Then 50 µL of stop solution (2 M H
2
SO

4
) was added to each well. The absorbance 

of the samples was measured immediately at 450 nm with a reference wavelength of 620 nm 

using a multiscan plate reader (Medica Pacifica Ltd, Auckland). Microsoft excel was used to 
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determine the concentration of TNF-α in the supernatant samples, by using the standard curve 

prepared with known TNF-α concentrations. 

 

2.2.4.9 FlowCytomix™ Multiplex bead-based immunoassay of growth factor and 

cytokine expression 

 

The levels of growth factors and cytokines produced and secreted by cells stimulated with 

honey samples and LPS control were measured by the bead-based FlowCytomix™ Multiplex 

system from eBioscience Inc, San Diego, CA, which can simultaneously measure up to 20 

different analytes. Cell culture supernatants and standards (prepared according to 

manufacturer’s instructions) were added to the 96-well plates containing v-shaped wells. The 

bead and biotin-conjugate mixtures were added according to manufacturer’s instructions, and 

the plates incubated for 2 h at RT on a microplate shaker. Plates were washed twice using 

assay buffer, prepared streptavidin-phycoerythrin (PE) solution was added, and the plates 

were incubated for 1 h at RT on a microplate shaker. They were again washed twice using 

assay buffer. The beads were collected and results recorded using a BD SORP FACS Aria II 

machine, and analysed using FlowCytomix
TM

 Pro 3.0 software. 

 

2.2.4.10 ELISPOT assay to detect cells secreting specific cytokines 

 

The ELISPOT assay allows the visualization of individual activated cells secreting a 

particular antigen. ELISPOT assays were used to measure cytokine production by honey-

stimulated cells. The wells of a coated PVDF or nitrocellulose membrane 96-well plates were 

washed and sterilized by addition of 15 μl of 35% ethanol to each well, and incubation for 1 

min. The plate was flicked to remove the ethanol, and washed twice with PBS buffer. Plates 

were coated with 100 μl of 5 μg/ml of capture antibody diluted 1:200 in sterile-filtered 

coating buffer (Section 2.1.3), and incubated overnight at 4°C. The plates were washed using 

appropriate medium, and blocked by adding 100 μl/well of appropriate tissue culture medium 

containing FCS which served as a blocking solution. They were incubated at RT for 2 h and 

the blocking solution replaced with a suspension of cells (2 x 10
5 

cells/ml; 100 μl/well) 

followed by incubation for 4 h at 37°C. The cell suspension was aspirated, and the plates 

were washed twice with deionized water, with soaking for 3-5 min at each wash step. The 

plates were washed thrice using wash buffer (PBS containing 0.05% Tween-20).  



  Chapter Two   

68 

 

 

A biotinylated detection antibody was diluted 1:250 to a working concentration of 2 μg/ml in 

dilution buffer (PBS containing 10% FBS). A 100 μl aliquot of the detection Ab was added to 

each well, followed by incubation for 2 h at RT. The plates were washed thrice with wash 

buffer, and 100 μl of a 1:100 dilution of HRP-conjugated streptavidin prepared in dilution 

buffer was added, and the plates incubated for 1 h at RT. They were washed twice with PBS, 

and 100 μl of AEC substrate containing chromagen (20 μl of AEC chromagen mixed with 1 

ml of AEC substrate) was added to each well, and the colour reaction allowed to develop for 

5-10 min at RT in the dark. The plates were rinsed 4 times with sterile water to stop colour 

development. The base of the plate was removed immediately and the bottom of the wells 

blotted with a paper towel. The plate was air-dried overnight in the dark at RT. The spots 

were enumerated manually using a dissecting microscope, and subsequently analysed in 

Image J software.  

 

The image file was opened and the colour, split channels, command was employed, and the 

best image with the best contrast was selected, and then the image was duplicated. The image 

was converted to Gaussian Blur, and plugins were selected to analyse the image with 

calculator plus. The area to be analysed was selected using the oval selection tool, and the 

spots were counted using preview point selection.Though desirable it was not possible to 

determine the overall intensity of the spots. 

 

2.2.4.11 Effect of MGO treatment 

 

MGO was examined for its ability to suppress the immunostimulatory activity of honey and 

its components.  Fresh blood monocytes (1 x 10
6
 cells/mL), neutrophils (1 x 10

6
 cells/mL) 

and PBMNCs (1 x 10
6
 cells/mL) were treated with honey and its components in the presence 

of increasing concentrations of MGO (15 μg/mL to 300 μg/mL). The cell culture supernatants 

were collected and stored at -80°C, until TNF-α measurements were made using ELISA.  

 

2.2.4.12 Effect of chrysin treatment 

 

Chrysin was examined for its ability to suppress the immunostimulatory activity of honey and 

its components. Fresh blood monocytes (1 x 10
6
 cells/mL) were treated with honey and its 
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components in the presence of increasing concentrations of chrysin (5 μg/mL to 100 μg/mL). 

The cell culture supernatants were collected and stored at -80°C, until TNF-α measurements 

were made using ELISA.  

 

2.2.5 Assays to measure endotoxin contamination 

 

2.2.5.1 Limulus amebocyte lysate (LAL) gel clot assay to measure LPS contamination 

 

The LAL assay was performed by Environmental Science & Research (ESR), Porirua, 

Wellington, New Zealand. They used the gel-clot method to determine endotoxin levels in 

honey samples. The honey samples were diluted using endotoxin free LAL assay reagent 

water, and the LAL kinetic assay was performed in a 96-well plate at 37±1ºC. The assay 

method was followed according to United States Pharmacopeia (USP 32) Biological 

Endotoxins Test (1985). In the gel-clot method, the reaction endpoint was determined from 

dilutions of the samples under test in direct comparison with parallel dilutions of a reference 

endotoxin. The endotoxin levels were expressed in USP Endotoxin Units (USP-EU).  

 

2.2.5.2 Kinetic chromogenic LAL assay to measure endotoxin contamination 

 

The Endosafe®-PTS system is a FDA-licensed endotoxin detection system from Charles 

River Laboratories, Wilmington, MA. Honey samples were homogenized and sampled using 

endotoxin-free depyrogenated borosilicate tubes. The honey samples were melted at 70°C in 

a heat block for a few minutes and diluted 1:10 in endotoxin-free LAL reagent water. The 

honey solutions were further diluted 1:1,000 in glucan blocking solution (Charles River 

Laboratories, USA). This solution was made up of 20% endotoxin-specific buffer with 

carboxymethylated curdlan. The other two channels were spiked with a known amount of 

LPS (positive control).  The cartridge was inserted into the endosafe PTS system and 

temperature equilibrated to 37°C. The four reaction channels were filled with 25 μL of honey 

solution, and the endotoxin levels measured using Endoscan software. 
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2.2.5.3 Removal of LPS and AGPs from honey  

 

LPS and AGPs bind PmB; hence can be removed from honey by affinity chromatography on 

PmB-agarose. Polypropylene 5 mL mini columns (Evergreen Scientific, Los angeles, 

California; supplied by Sigma Aldrich) were washed five times with 0.1 N NaOH prepared in 

endotoxin-free water, followed by 20 vol of endotoxin-free water. Aliquots of 1 mL of PmB-

agarose were poured into each disposable column. The column was equilibrated with PBS 

(pH 6.0) and 2.5 mL of 10 % (w/v) honey solution was loaded onto each column and allowed 

to enter. The column was incubated at RT for 2 h, the honey solution eluted with PBS, and 

the fractions collected from each column and named as flow through. To recover the bound 

AGPs, the above eluted columns were sequentially washed with 5 mL of 2 M MgCl2, 5 mL 

of 8 M urea, and 5 mL of 6 M guanidine HCl, and the eluates dialyzed against water and each 

concentrated to 1 mL. Dialysis was carried out using 3 kDa cut-off centrifuge filters, and 

each eluate was tested for the presence of AGP.  

  

2.2.6 Pilot studies to measure the effects of honey-bee products on oral health 

 

2.2.6.1 Ethics and saliva collection 

 

Ethics approval (Ref. 8403) was granted by the University of Auckland Human Participants 

Ethics Committee (UAHPEC), Auckland, for collecting saliva from healthy human donors 

before and after oral deposition of commercial honey-bee products from Comvita that 

contained New Zealand honeys, propolis, as well as olive leaf extract. Specimens of saliva 

(~1 mL) were collected into sterile Eppendorf tubes at 5 time-points (0, 2, 4, 6 and 8), 

immediately before (0 time point), and 2 h after oral deposition of Comvita products, as 

described below.  
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Figure 2.1 Chart describes the schedule for oral deposition of honey-based products, and sample 

collection. Collection of saliva samples followed by swabbing of the oral cavity with Dentocult strips 

was done just prior to oral deposition of Comvita honey-based products at each time-point, except for 

the 8 h time-point where just the samples were collected. 

 

2.2.7 Assays to measure caries-forming bacteria 

 

2.2.7.1 Dentocult SM strip mutans assay 

 

The Dentocult SM strip mutans assay from Orion Diagnostica, Finland, is used to measure 

the number of mutans streptococci in saliva. The Dentocult mutans broth was activated by 

adding a bacitracin disc at least 15 min prior to undertaking the test. Bacitracin inhibits the 

growth of bacteria other than mutans streptococci. The human subjects chewed a piece of 

paraffin for one minute and then expectorated ~1 mL of saliva into a microfuge tube for the 

Snyder test and cytokine measurement (refer below; a 500 L aliquot of the saliva for 

cytokine analysis was stored at -80
o
C). A Dentocult SM plastic strip was then swabbed over 

the tongue, lateral sides of the tongue, buccal epithelium, hard palate, soft palate and 

subgingival region. The strip was removed through slightly closed lips to remove excess 

saliva, and inserted into the above activated broth, and incubated at 37°C for 48 h. The strip 

was removed and air-dried at RT for 2 days. The colonies were compared with a chart 
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supplied by the manufacturer and given a score from 0 to 3 to indicate low to high mutans 

streptococci levels. The nonsubjective method of using Photoshop to measure the colour 

intensity of each strip was also carried out. 

 

2.2.7.2 Snyder test  

 

The Snyder test was used to measure the number of caries-forming lactobacilli in saliva. 

Snyder test agar (65.02 g) was suspended in 1 litre of milli-Q water, and the agar dissolved 

by boiling the solution. The molten agar was dispensed as 5 mL aliquots into test tubes. The 

tubes were sterilized by autoclaving at 121°C for 15 min. A 500 L aliquot of the saliva 

sample collected as described above was vigorously shaken and 200 L transferred with a 

sterile tip to a sterile Snyder test tube containing melted agar cooled to 45°C. The saliva was 

uniformly mixed with the medium by rolling the tube within the palms of the hand, and the 

agar was allowed to solidify in an upright position. The tubes were incubated at 37°C, and the 

colour of the medium was observed at 24, 48 and 72 h, respectively, and compared to a 

control tube not containing saliva.  Photos of the tubes were taken using a digital camera. The 

rate of acid production by lactobacilli, where acid changed the medium from bluish green 

(control) to yellow was scored according to the following scheme:  

a) Dark blue-green (-) 

b) Light blue-green (+) 

c) Light yellow (++) 

d) Moderate yellow (+++) 

e) Strongly yellow (++++) 

 

2.2.8 Data analysis  

 

Data were expressed as mean value ± standard error. The graph packages used included 

Graph Pad (Prism) software and excel. The results were analyzed with Statistix 8.1 software 

using linear models, Analysis of Variance and completely randomized design, and multiple 

comparisons were carried out using LSD intervals where significance was indicated by a 

value less than 0.05 (p < 0.05). 
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CHAPTER THREE 

CHARACTERIZATION OF THE ABILITY OF NEW ZEALAND 

HONEYS TO STIMULATE HUMAN BLOOD LEUKOCYTES TO 

RELEASE TNF-α  

 

Previous research (Gannabathula, 2010) had focused on characterizing the ability of kanuka 

honeys to stimulate the release of TNF-α from the monocytic cell line THP-1.  THP-1 cells 

and the U937 monocytic cell line employed earlier in above thesis are transformed cancer cell 

lines, and hence cannot truly represent primary monocytes and macrophages. It was 

important for the results to date to be translated to primary monocytes obtained fresh from 

human blood. Further, monocytes are just one of several immune cell types found within 

wound sites that are impacted upon by administration of honey. This chapter expands on the 

earlier work by characterizing the ability of several different types of New Zealand honeys 

including manuka, kanuka, clover honeys as well as Royal Jelly to stimulate TNF-α release 

from blood monocytes, neutrophils, and PBMNCs.  

 

3.1 Introduction  

 

The inflammatory phase of wound healing, which plays an essential role in clearing 

infectious agents and debris at the injured site, involves the concerted action of a range of 

different leukocyte cell types including neutrophils, macrophages, and lymphocytes (Martin 

and Leibovich, 2005). Macrophages play an essential role in wound resolution (DiPietro, 

1995), and their absence can lead to delays in wound repair (Leibovich and Ross, 1975; 

Duffield et al., 2005). In addition to their phagocytic role, both neutrophils and macrophages 

release various growth factors and cytokines which are important in the process of wound 

healing (Chung et al., 2006; Gillitzer and Goebeler, 2001). Macrophages are immediately 

activated in response to foreign substances from invading microorganisms (Van den Berg et 

al., 2008). Macrophages have three major functions during inflammation, namely antigen 

presentation, phagocytosis, and immunomodulation through the production of various growth 

factors and cytokines. They play a critical role in the initiation, maintenance, and resolution 

of inflammation (Fujiwara and Kobayashi, 2005). TNF-α is a regulatory cytokine produced 

by macrophages which plays an important role in the body’s defense against intracellular 
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organisms (Ciacci-Woolwine et al., 1999). It induces collagen synthesis by fibroblasts to 

initiate healing by activated macrophages. TNF-α has been shown to be essential in the 

resolution of infection and tissue repair (Allenbach et al., 2008; Roach et al., 2002; Zhang et 

al., 2004) , processes which are facilitated by honey (Eteraf-Oskouei and Najafi, 2013). 

 

New Zealand kanuka honey has been demonstrated to stimulate TNF-α release from the 

human monocytic cancer cell line THP-1 (Gannabathula et al., 2012; Tonks et al., 2001) and 

New Zealand manuka honeys have been shown to stimulate primary human monocytes to 

release TNF-α (Tonks et al., 2007). The aim of this study was to characterize the ability of 

different New Zealand honeys, as well as Royal Jelly, to stimulate TNF-α release by primary 

human monocytes, neutrophils, and PBMNCs. 

 

3.2 Cytotoxic effect of kanuka honey on blood monocytes, PBMNCs, and neutrophils 

 

Fructose and glucose are the major components of honey. However, honey also contains 

methylglyoxal (MGO) (Ferguson et al., 1998), hydrogen peroxide (H2O2) (Zhang et al., 

2008), low pH (Kwakman et al., 2010) and low concentrations of several other chemical 

compounds (Gheldof et al., 2002a) thought to function as oxidants (Herken et al., 2009), all 

of which may be detrimental to cells. Other mechanisms of cell damage include osmotic 

stress from the high sugar concentration (Molan, 1998 ), and induction of free radical 

cytotoxicity by high glucose concentrations (Faure et al., 2005).  

 

An in vitro cell culture system was used to measure the immunostimulatory effects of honey 

samples; hence it was necessary to determine the highest concentration of honey that could be 

used in the culture system, while avoiding the potentially detrimental cytotoxic effects of 

honey.  

 

3.2.1 Methods 

 

The WST-1 assay was used to measure the cytotoxicity of kanuka honey. The method 

followed is described in Section 2.2.3.1 The concentrations of honey used ranged from 0.5 to 

4% (w/v), as previous studies had shown that 1% honey was not cytotoxic to monocytic cells 

including the U-937 and THP-1 monocytic cancer cell lines (Gannabathula et al., 2012; 
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Tonks et al., 2001; Timm et al., 2008). RPMI medium alone was used as the negative 

untreated control, and an NP40-containing lysis solution (see Materials) was used as a 

positive control. The latter was added at a ratio of 1:10 (lysis solution: cells) to kill the cells. 

An assay was performed to determine whether honey alone affects the activity of the 

absorbance of the WST-1 reagent which is coloured red, and converted to a yellow formazan 

dye. Honeys were diluted from 0.5% to 5% (w/v) and 100 µL was added to the wells of a 96-

well plate with and without the WST-1 reagent and incubated at 37ºC. The absorbance was 

taken immediately after setting up the plate and after every hour for 3 h.  

 

3.2.2 Results and Discussion 

 

Primary blood monocytes (Figure 3.1A), PBMNCs (Figure 3.1B) and neutrophils (Figure 

3.1C) were each treated with different concentrations of kanuka honey ranging from 0.5% to 

4% (w/v) for 24 h, and their viability/proliferation was measured using the WST-1 reagent. 

Percent cell viability relative to untreated cells was plotted.  

 

As reported previously (Gannabathula et al., 2012), kanuka honey was found to be non-toxic 

to monocytic cells at a concentration of < 1% (w/v) (Figure 3.1A). It became increasingly 

cytotoxic at higher concentrations such that at 2 and 3% it significantly (P <0.05) inhibited 

cell viability/proliferation by 60 and 79%, respectively. Incubation of cells in 4% (w/v) honey 

led to a complete loss of cell viability/proliferation. Thus, primary monocytes proved to be 

equally susceptible to the cytotoxic effects of honey as the monocytic cancer cell lines. Cell 

viability appeared to be even higher than the control cells at the lowest concentration (0.5%) 

of honey tested. A potential explanation is that the sugar in honey is feeding the cells and 

enhancing cell viability and growth. 

 

PBMNCs proved to be more resistant to the cytotoxic effects of honey, in that there was no 

loss of viability/proliferation with 2% (w/v) kanuka honey (Figure 3.1B). In contrast, 3 and 

4% (w/v) kanuka honey concentrations significantly (P <0.05) reduced cell 

viability/proliferation by 48 and 67%, respectively.  

 

Neutrophils also proved to be more resistant to the cytotoxic effects of honey than 

monocytes, with no significant loss of viability/proliferation with 2% (w/v) kanuka honey 
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(Figure 3.1C). The higher honey concentrations of 3 and 4% (w/v) significantly (P <0.05) 

reduced cell viability/proliferation by 54 and 67%, respectively. Even NP40 lysis buffer 

failed to completely abrogate the viability of the neutrophils.  

 

The concentration of 1% (w/v) kanuka honey was non-toxic to all three cell types, and hence 

this concentration was used for all cell types in all subsequent experiments. An assay which 

was used to determine whether honey affects the absorbance of the WST-1 reagent revealed 

that kanuka honey had no affect on the colour of the dye (data not shown).  
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Figure 3.1 Cytoxic effect of kanuka honey on blood monocytes, PBMNCs, and neutrophils. Blood 

monocytes, PBMNCs, and neutrophils were treated with increasing concentrations (0.5 to 4% w/v) of 

kanuka honey. The cytotoxic effect of kanuka honey was measured by the WST-1 assay. Data 

represent the mean + SD of three replicate wells of cultured cells in one experiment. Data with 

different letters are significantly different (P <0.05) from one another. 
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3.3 Comparison of the cytotoxic effects of kanuka, manuka, and clover honeys, and 

Royal Jelly on blood monocytes, PBMNCs, and neutrophils 

 

3.3.1 Methods 

 

The WST-1 assay was used to measure and compare the cytotoxicity of kanuka, manuka, and 

clover honeys, and Royal Jelly, as above. The concentrations of honey used to treat the 

monocytes ranged from 0.5 to 1% (w/v). PBMNCs and neutrophils were treated with 1% 

(w/v) of the honeys.  

 

3.3.2 Results and Discussion 

 

Primary blood monocytes (Figure 3.2A), PBMNCs (Figure 3.2B) and neutrophils (Figure 

3.2C) were each treated with manuka, kanuka and clover honeys, and Royal Jelly for 24 h, 

and their viability/proliferation was measured using the WST-1 reagent. Percent cell viability 

relative to untreated cells was plotted. As above, kanuka honey was non-toxic to monocytes 

at 0.5% (w/v), and here it only slightly, but significantly, inhibited cell viability at 1% (w/v) 

(Figure 3.2A). Manuka and clover honeys and Royal Jelly were non-toxic to monocytes. 

Manuka, kanuka and clover honeys, and Royal Jelly at 1% (w/v) were non-toxic to PBMNCs 

(Figure 3.2B), and neutrophils (Figure 3.2C).   

 

Thus, kanuka, manuka and clover honeys, and Royal Jelly at 1% (w/v) were non-toxic to all 

three cell types, and hence this concentration was used for all cell types in all subsequent 

experiments. 
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Figure 3.2 Cytoxic effects of kanuka, manuka and clover honeys and Royal Jelly on blood 

monocytes, PBMNCs, and neutrophils. Blood monocytes (A) were treated with 0.5% and 1% (w/v) 

kanuka, manuka, and clover honeys, and Royal Jelly, as indicated. PBMNCs (B), and neutrophils (C) 

were treated with 1% (w/v) kanuka, manuka, and clover honeys, and Royal Jelly. Cell viability was 

measured by the WST-1 assay. Data represents the mean + SD of three replicates wells of cultured 

cells of one experiment. Data with different letters are significantly different (P <0.05) from one 

another. 

 

 

3.4 Testing the ability of New Zealand honeys to stimulate TNF-α release from blood 

monocytes, PBMNCs, and neutrophils, as measured by ELISA 

 

The aim of this section was to investigate the ability of different New Zealand honeys 

including kanuka, manuka and clover honey, as well as Royal Jelly, to induce the secretion of 

TNF-α from monocytes, PBMNCs and neutrophils. The release of TNF-α was measured by 

ELISA. 

 

3.4.1 Methods 

 

Fresh blood monocytes, PBMNCs, and neutrophils were isolated and cultured as described 

earlier in Chapter 2 Section 2.2.2.1 to 2.2.2.3.  Kanuka, manuka, and clover honey samples 

and Royal Jelly were diluted in RPMI medium supplemented with PSG to a final 
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concentration of 1% (w/v). LPS (100 ng/mL) was prepared in the same medium. This 

concentration of LPS was selected as it stimulates maximum level of TNF-α from THP-1 cells 

(Singh et al., 2005) and these cells were used in chapter 4. To be constant, LPS (100 ng/mL) 

concentration was used through out thesis. Monocytes, PBMNCs, and neutrophils (1 x 10
5
 

cells/mL) were treated with 250 μL of the above solutions containing a 1% final concentration 

of the various honeys, and 100 ng/mL of LPS. The cells were then incubated for 4 h at 37°C 

in a 5% (w/v) CO2 humidified atmosphere. The plates were centrifuged at 300 g for 5 min 

and cell culture supernatants were collected, stored at -80°C, then thawed and TNF-α levels 

measured by ELISA (Section 2.2.4.8). The assay was repeated to confirm the reproducibility 

of the results. The 4 h incubation time was selected based on the results of a published study 

by Tonks et al. (2003). The study had examined the release of TNF-α from the monocytic 

cell line MM6 following stimulation with manuka honey, revealing that TNF-α release 

peaked at 4 h followed by a steady decline. A 4 h incubation period was selected to 

standardize the assay with the literature. 

 

3.4.2 Results and Discussion 

 

The three New Zealand honeys tested induced similar levels of TNF-α release from blood 

monocytes (Figure 3.3A). Clover honey was marginally the most effective, releasing 

significantly higher levels of TNF-α than the kanuka and manuka honeys. In contrast, Royal 

Jelly failed to stimulate TNF-α release. LPS stimulated TNF-α production whereas AH 

showed no stimulation, as expected. These results are at variance with those obtained using 

THP-1 cancer cells, where kanuka honey was very immunostimulatory, and manuka and 

clover honeys were very poor at stimulating TNF-α release (Gannabathula et al., 2012). 

Presumably the variance reflects the difference between primary monocytes and their 

transformed derivatives. 

 

Remarkably similar profiles of TNF-α released from PBMNCs (Figure 3.3B) and neutrophils 

(Figure 3.3C) in response to the different honeys were obtained, albeit the overall levels of 

TNF-α released by neutrophils was much lower than that of the PBMNCs. Thus, kanuka and 

clover honeys stimulated very similar levels of TNF-α release. In contrast, stimulation by 

manuka honey released significantly less TNF-α, being 50 and 40% of the amount of TNF-α 
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released by the kanuka and clover honeys, respectively. Again, Royal Jelly failed to 

significantly stimulate TNF-α release from either cell type. The LPS and AH controls 

behaved as expected.  

 

The results demonstrate that all three New Zealand honeys have pro-inflammatory activity, 

whereas Royal Jelly was non-stimulatory. The amount of  TNF-α released following honey 

stimulation relative to control (untreated) cells varied markedly depending on the leukocyte 

cell type. Thus, honey stimulated monocytes released up to 8.5-fold more TNF-α than non-

stimulated cells.  PBMNCs released 1- to 14-fold greater levels of TNF-α relative to control, 

depending on the honey type. The levels of TNF-α released from neutrophils ranged from 1-

fold to 7-fold relative to control. 

 

The absolute levels of TNF-α released following stimulation by the honeys varied markedly 

depending on the leukocyte cell type. Thus, monocytes and PBMNCs released high levels of 

TNF-α, ranging from 1900 to 2250 pg/mL in the case of monocytes and 500 to 1050 pg/mL 

for PBMNCs, depending on the honey type. In contrast, the levels of TNF-α released from 

neutrophils ranged from only 10 to 40 pg/mL.  
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Figure 3.3 Measurement by ELISA of TNF-α release from blood monocytes, PBMNCs, and 

neutrophils following stimulation by New Zealand honeys and Royal Jelly. Blood monocytes (A), 

PBMNCs (B), and neutrophils (C) were each left untreated or were stimulated with 1% (w/v) 

concentrations of kanuka, manuka and clover honeys, and Royal Jelly, 100 ng/mL of LPS, and AH.  

TNF-α release was measured by ELISA. Data represents the mean ratio of four replicate wells of 

cultured cells from two experiments (left-hand graphs), and the mean absolute values of two replicate 

wells in one experiment. Data with different letters are significantly different (P <0.05) from one 

another. 
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3.5 Testing the ability of New Zealand honeys to stimulate TNF-α release from blood 

monocytes, PBMNCs, and neutrophils, as measured by ELISPOT assays 

 

ELISPOT assays were employed to confirm the results obtained by ELISA of the release of 

TNF-α from cells stimulated by the New Zealand honeys. The ELISA results were 

measurements of cytokines released into the cell culture supernatants. In contrast, the 

ELISPOT assay allows the visualization of individual activated cells secreting a particular 

cytokine. The level of cytokine expression detected by ELISPOT is 10 to 200 times more 

sensitive than ELISA (Tanguay and Killion, 1994).  

3.5.1 Methods 

 

The methodology to isolate and stimulate the monocytes, PBMNCs, and neutrophils has been 

described in the preceding section and in Methods (Chapter 2, Section 2.2.2.1 to 2.2.2.3). For 

the ELISPOT assay (Section 2.2.4.10), 96-well plates were coated with TNF-α capture 

antibody, blocked, and then cells (1 x 10
6 

cells/ml; 100 μl/well) were added followed by 

incubation for 4 h at 37°C. The plates were washed, incubated with a biotinylated anti-TNF-α 

detection antibody, HRP-conjugated streptavidin was added, and immunoreactivity was 

visualized with an AEC substrate containing chromagen. Bright field microscopy was used to 

take pictures of spots representing single cells releasing TNF-α, and the spots were 

enumerated using Image J software.  

 

3.5.2 Results and Discussion 

 

The results of the ELISPOT assay of monocytes were in good agreement with the results 

obtained by ELISA. Thus each of the New Zealand honeys stimulated similar numbers of 

monocytes to release TNF-α (Figure 3.4A and B). Negligible numbers (less than 5%) of 

untreated cells, and Royal Jelly and AH treated cells released TNF-α. LPS stimulated the the 

majority of cells to release TNF-α, as expected.  

 

The results of the ELISPOT assay of PBMNCs differed somewhat from the results obtained 

by ELISA. Using this technology, each of the New Zealand honeys stimulated similar 

numbers of PBMNCs to release TNF-α (Figure 3.5A and B). Few (less than 10%) of 
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untreated cells, and Royal Jelly and AH treated cells released TNF-α. LPS stimulated the 

majority of cells to release TNF-α, as expected.  

 

The results of the ELISPOT assay of neutrophils also differed somewhat from the results 

obtained by ELISA. By eye it seemed that each of the New Zealand honeys stimulated 

similar numbers of neutrophils to release TNF-α (Figure 3.6A). However, Image J analysis of 

the wells indicated that kanuka honey stimulated a significantly greater number of cells to 

release TNF-α than did the manuka and clover honeys (Figure 3.6B). Few (less than 5%) of 

untreated cells, and Royal Jelly and AH treated cells released TNF-α. LPS stimulated the 

majority of cells to release TNF-α, as expected. 
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Figure 3.4 Measurement by ELISPOT assays of the number of blood monocytes that release TNF-α 

following stimulation by New Zealand honeys and Royal Jelly. Blood monocytes were either left 

untreated (Cells) or were stimulated with 1% (w/v) concentrations of kanuka, manuka and clover 

honeys, and Royal Jelly, 100 ng/mL of LPS, and AH. (A) TNF-α release by single cells was 

visualized by ELISPOT assays. (B) Total number of spots per well (n = 2) of the ELISPOT plates was 

determined using Image J software. 
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Figure 3.5 Measurement by ELISPOT assays of the number of PBMNCs that release TNF-α 

following stimulation by New Zealand honeys and Royal Jelly. PBMNCs were either left untreated 

(Cells) or were stimulated with 1% (w/v) concentrations of kanuka, manuka and clover honeys, and 

Royal Jelly, 100 ng/mL of LPS, and AH. (A) TNF-α release by single cells was visualized by 

ELISPOT assays. (B) Total number of spots per well (n = 2) of the ELISPOT plates was determined 

using Image J software.   
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Figure 3.6 Measurement by ELISPOT assays of the number of neutrophils that release TNF-α 

following stimulation by New Zealand honeys and Royal Jelly. Neutrophils were either left untreated 

(Cells) or were stimulated with 1% (w/v) concentrations of kanuka, manuka and clover honeys, and 

Royal Jelly, 100 ng/mL of LPS, and AH. (A) TNF-α release by single cells was visualized by 

ELISPOT assays. (B) Total number of spots per well (n = 2) of the ELISPOT plates was determined 

using Image J software. 

 

Conclusions 

 

This chapter suggests that both honeys and LPS stimulate greater numbers of monocytes and 

PBMNCs than neutrophils to release TNF-α. This led to the overall release of greater 

amounts of TNF-α from monocytes and PBMNCs than from neutrophils. Whilst there was 

some discordance between the ELISA and ELISPOT results, it is clear that all three New 

Zealand honeys (kanuka, manuka and clover) stimulate the release of TNF-α from blood 

monocytes, PBMNCs, and neutrophils, whereas Royal Jelly was non-stimulatory under the 

culture conditions employed. Royal Jelly might have been expected to be immunostimulatory 

as it contains large amounts of the apalbumins, which have been demonstrated to stimulate 

macrophages to release TNF-α (Šimúth et al., 2004; Majtan et al., 2006; Okamoto et al., 

2003).  

 

 



   

 

 

  

 

 

 

 

 

 

 

 

CHAPTER FOUR 

CHARACTERIZATION OF ARABINOGALACTAN 

PROTEINS IN HONEY



  

94 

 

CHAPTER FOUR 

CHARACTERIZATION OF ARABINOGALACTAN PROTEINS IN 

HONEY 

 

The primary aim of this chapter was to identify and characterize bioactive components in 

honey that may have therapeutic potential in the treatment of wounds, and prevention of 

infection. Arabinogalactan proteins (AGPs) were identified in my Master’s study as being 

major components of honey that exhibit pro-inflammatory activity. Honey-derived AGPs 

were shown to be able to stimulate TNF-α expression by monocytic cell lines, and hence may 

have beneficial effects in promoting wound healing. The AGPs were found to be sensitive to 

inhibition by PmB and insensitive to heat, which are features shared with LPS. The active 

moiety of LPS is lipid A, suggesting that the honey-derived AGPs may also bear a lipid 

moiety capable of stimulating monocytes. This notion warranted further investigation. This 

chapter covers a preliminary investigation of the properties of New Zealand honeys and the 

AGPs they contain, and the establishment of a simple assay to measure the AGP content of 

honey. 

 

4.1 Introduction 

 

Honey stimulates the proliferation of B- and T- lymphocytes (Abuharfeil et al., 1999) and 

antibody production during primary and secondary immune responses (Al-Waili and Haq, 

2004). It stimulates the release of TNF-α from monocytes (Tonks et al., 2001; Tonks et al., 

2003). The activity of honey is not due to simple sugars in the honey as glucose solutions and 

mixed simple sugar solutions that replicated the sugar content of honey were shown to be 

inactive (Tonks et al., 2003; Abuharfeil et al., 1999). Nevertheless, honey contains more 

complex fermentable carbohydrate components including tetrasaccharides, pentasaccharides 

and hexasaccharides that might be immunostimulatory (Astwood et al., 1998; Sanz et al., 

2004) 

 

The factors responsible for the proinflammatory activity of honey are controversial. A 5.8 

kDa component of manuka honey was shown to be capable of stimulating TNF- release 
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from monocytes (Tonks et al., 2007). These authors reported that the 5.8 kDa component was 

not a lipopolysaccharide, protein, vitamin or mineral. Timm et al. reported that the 

immunostimulatory activity of honey was due to LPS, based on the finding that the activity 

was resistant to boiling, and abrogated by the addition of PmB which is known to inhibit LPS 

(Timm et al., 2008). However, our study recently reported that immunostimulatory AGPs 

derived from New Zealand honeys share these same properties with LPS, and determined that 

the LPS content of honeys was too low to be effective (Gannabathula et al., 2012). To further 

complicate matters, Majtan et al. reported that deproteinized Acacia honey from Sebechleby 

(Slovakia) has only very weak immunostimulatory activity, as measured by the release of 

TNF-α from monocytes, suggesting that at least one immunostimulatory component must be 

protein-based (Majtan et al., 2006). 

 

Currently the honey industry lacks the tools for high throughput screening of honey 

bioactives such as AGPs to validate health claims. Here the aim was to establish a simple 

assay for measuring the arabinogalactan content of different honey samples. This chapter also 

determines further characteristics of honey-derived AGPs.  

 

4.2 Measurement of arabinogalactan proteins  

 

AGPs are a family of proteoglycans present on the plasma membrane and in the cell walls of 

diverse species of plants (Knoch et al., 2014). It is likely that every plant cell produces AGPs 

(Svetek et al., 1999). The molecular weights of AGPs range from 100-200 kDa due to high 

levels of glycosylation, with less than 10% due to protein content (Pal, 2008). The protein 

component contains predominantly hydroxyproline, serine, alanine and glycine amino acids, 

whereas the major sugar components are mostly galactose, arabinose, rhamnose, mannose, 

galacturonic acid and/or glucuronic acids (Fincher et al., 1983).  AGPs are present in gum 

exudates and stylar secretions. They are predominantly present in the intercellular spaces and 

vascular bundles of leaves, stems and roots, and in the floral parts and cotyledons of seeds. 

They specifically bind to and are precipitated by the Yariv reagent (Jermyn et al., 1975), a 

red colored dye that is formed by coupling diazotized aminophenyl β-glycoside to 

phloroglucinol (Yariv et al., 1962). The Yariv reagent reacts with both extracellular and 

plasma membrane AGPs (Zhu et al., 1993).  
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The objective of the work described in this section was to determine the concentration of 

AGPs in different New Zealand honeys. An agar radial diffusion assay using the Yariv 

reagent was developed to confirm the presence of AGPs in the different honeys. Importantly, 

the results show that the Yariv reagent does not react with LPS.  A rocket gel electrophoresis 

assay was developed to measure the concentration of AGPs in New Zealand honeybee 

products including kanuka, manuka, clover, and kowhai honey, and Royal Jelly. 

 

4.2.1 Methods 

 

The stock of purified kanuka honey AGPs (1 mg) was diluted to 1 mg/ml in milli-Q water, 

aliquoted into 50 µl fractions, and stored at -20°C. The agar radial diffusion assay was 

performed as described earlier (Section 2.2.4.5). Gum arabic (100 and 500 μg/mL) was used 

as a positive control, and buffer as a negative control. LPS was included to confirm that it 

does not bind the Yariv agent. The assay was repeated to confirm the reproducibility of the 

results. 

 

Rocket gel electrophoresis is a simple and quick method to measure the concentration of a 

specific protein in a protein mixture (Weeke, 1973). Antibody is usually incorporated into the 

agarose as the precipitating agent, hence the term rocket gel immunoelectrophoresis is often 

used to describe the technique, but here the Yariv reagent was used instead. The presence of 

AGPs was indicated by the formation of rocket-shaped orange-coloured precipitin arcs. The 

concentration of the AGPs was determined by measuring the area under the rocket using the 

Image J programme. A panel of commercial honey samples of different floral varieties, 

together with a sample of Royal Jelly was supplied by Comvita. 

 

Crossed-gel electrophoresis (van Holst and Clarke, 1985) was used to compare AGPs from 

kanuka honey with those of gum arabic. The AGPs (5 μg) were initially separated in 1% 

agarose gels with Tris-glycine buffer and then run in the second direction in a 1% agarose gel 

supplemented with 15 μg/mL Yariv reagent which precipitated the AGPs as they moved 

towards the anode.  

 

SDS-PAGE gel electrophoresis was used to measure the molecular weight of kanuka honey 

AGPs. The AGPs (120 μg) and kanuka honey (12 mg) were loaded into the wells of a 15% 
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polyacrylamide SDS-gel and electrophoresis was carried out. After electrophoresis the gels 

were visualized by staining with Coomassie Blue G-250 and the Yariv reagent. 

 

4.2.2 Results and Discussion  

 

4.2.2.1 An agar radial diffusion assay confirms the presence of AGPs in kanuka honey 

 

Samples (15 L) of gum arabic AGPs (500 μg/mL), gum arabic (100 μg/mL), purified 

kanuka honey AGPs (500 μg/mL), kanuka honey (undiluted), and LPS (100 ng/mL) were 

loaded into the wells formed in the agarose gel and allowed to diffuse. Gum arabic (Sigma 

Aldrich) and purified kanuka honey AGPs (supplied by Comvita) produced bright orange 

haloes that were formed by precipitation of the AGPs with the Yariv reagent (Figure 4.1). 

Crude kanuka honey and gum arabic each produced fainter precipitin haloes with smaller 

diameters. The diameter and intensity of the halo was proportional to the amount of AGPs in 

the well. Thus, identical concentrations of gum arabic and honey AGPs gave similar sized 

haloes of similar colour intensity. Lipopolysaccharide (LPS) at a concentration normally used 

to stimulate cells did not produce a halo, but only trace amounts of LPS were tested, and 

hence a more careful examination with larger amounts was undertaken (see below). 

 

 

Figure 4.1 Single radial gel diffusion assay used with the Yariv agent to confirm the presence of 

AGPs in kanuka honey. The samples (15 µL) analyzed included gum AGPs (500 μg/mL), gum arabic 

(100 μg/mL), kanuka honey AGPs (500 μg/mL), kanuka honey (20 μL), LPS (100 ng/mL), and buffer 

only (no sample). Precipitin haloes are naturally coloured orange due to the brown-orange colour of 

the Yariv agent.  
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4.2.2.2 Measurement of the amounts of AGPs in different floral varieties of honey by 

rocket gel electrophoresis 

 

Rocket gel electrophoresis confirmed the presence of AGPs in kanuka, manuka and clover 

honeys (Figure 4.2A). There were 218, 117, and 40 g/mL of AGPs in kanuka, manuka and 

clover honeys respectively (Figure 4.2A). Thus, kanuka honey is rich in AGPs, whereas 

clover honey has a low level of AGPs. In another experiment, two sources of kanuka honey 

were shown to differ in their content of AGPs, having levels of 125 and 68 g/mL 

respectively (Figure 4.2B). Kowhai honey had intermediary levels of AGPs of 55 g/mL, 

whereas AGPs were apparently completely absent from Royal Jelly. In a third experiment, 

two different sources of manuka honey from that used in the experiment shown in Figure 

4.2A were found to have low levels of AGPs of 31 to 38 g/mL, comparable to that of clover 

honey of 28 g/mL (Figure 4.2C). 

 

 

 

Figure 4.2 Rocket gel electrophoresis using the Yariv agent to measure the concentrations of AGPs in 

different honey varieties. (A) The samples analyzed included 20 μL of undiluted kanuka, manuka, and 

clover honeys. Gum arabic was included as a standard at 250, 100, and 50 μg/mL, as indicated. (B) 

The samples included 20 μL of two different sources of kanuka honey, kowhai honey, and Royal 

Jelly. Gum arabic was included as a standard at 250, 100 μg/mL, as indicated. (C) The samples 

included 20 μL of two different sources of manuka honey, and clover honey. Gum arabic was 

included as a standard at 250, 100 μg/mL, as indicated.  

 

Rocket gel electrophoresis of LPS was undertaken to be certain that LPS cannot be detected 

by the Yariv reagent. The wells were loaded with 10 and 100 μg/mL of LPS. Three 

concentrations (250, 100 and 50 μg/mL) of gum arabic AGPs were loaded into the wells as 
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positive controls. LPS at even the highest concentration failed to produce a rocket (Figure 

4.3). The data demonstrates that LPS does not bind the Yariv reagent, and hence will not be 

co-purified when AGPs are isolated by precipitation with the Yariv reagent. 

 

 

Figure 4.3 Determination of LPS binding to the Yariv reagent using rocket gel electrophoresis. Wells 

formed in the Yariv reagent-containing agar were loaded with gum arabic AGPs (250, 100 and 50 

μg/mL) and LPS (100 and 10 μg/mL). 20 µL of sample was loaded into each well, and subjected to 

rocket gel electrophoresis in the presence of the Yariv reagent.  

 

4.2.2.3 Crossed-gel electrophoresis suggests that kanuka honey and gum arabic AGPs 

are different 

 

Crossed-gel electrophoresis profiles indicated that kanuka honey AGPs were different from 

gum arabic AGPs (Figure 4.4). Gum arabic AGPs gave a single broad peak in accord with the 

fact that the major molecular fraction accounting for ∼88% of the total mass of gum arabic 

AGP is an arabinogalactan peptide with a molecular weight of 286 kDa (Sanchez et al., 

2008). Kanuka honey AGPs gave a major and a minor peak, where only the minor peak 

resembled that formed by gum arabic.  
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Figure 4.4 Crossed gel electrophoresis of gum arabic and kanuka honey AGPs. Five micrograms each 

of gum arabic and kanuka honey were electrophoresed in the first dimension (left to right) in ordinary 

agarose, and then in the second dimension (top to bottom) in gels containing the β-glucosyl Yariv 

reagent (15 μg/mL).  

 

4.2.2.4 Estimation of the size of kanuka honey AGPs by SDS-polyacrylamide gel 

electrophoresis 

 

Proteins in kanuka honey and kanuka honey AGPs were resolved on a 15% polyacrylamide 

SDS-gel and stained with Coomassie Blue to detect proteins, and with the Yariv reagent to 

detect AGPs. As expected the major protein component in honey namely the apalbumins 

migrated as broad band at ~50 kDa (Figure 4.5A). In contrast, the protein component of the 

AGP fraction was barely stained by Coomassie blue, giving a weak band at ~60 kDa and a 

weak band having a molecular weight greater than 250 kDa. In accord, the AGPs in kanuka 

honey were detected by the Yariv reagent as a faint band at more than 250 kDa (Figure 4.5B). 

In contrast, the AGPs purified from kanuka honey stained bright orange, giving a broad band 

of 250 kDa and higher, and about a third of the sample remained in the stacking gel 

suggesting at least one component was of very high molecular weight, in accord with the 

results of cross-gel electrophoresis. The ~ 60 kDa protein bands that stained with Coomassie 

blue failed to stain with the Yariv reagent, suggesting it may be a protein contaminant in the 

AGP preparation. 
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Figure 4.5 SDS-PAGE analysis of the molecular weight of kanuka honey AGPs. Samples of kanuka 

honey (12 mg) and honey AGPs (120 μg) were resolved on a 15% polyacrylamide SDS-gel and 

stained with (A) Coomassie blue, and (B) the Yariv reagent. The gels have different dimensions as gel 

B swelled in size after being placed in water and was cropped at the bottom. MW: molecular weight 

protein standards (Sigma). The sizes of the molecular weight makers are given in kDa in the left-hand 

margins.  

 

4.3 Detection of AGPs in New Zealand honeys and Royal Jelly by Western blot analysis 

using an antibody against AGPs 

 

Here Western blot analysis using an antibody against AGPs was used to confirm the presence 

of AGPs in New Zealand honeys and Royal Jelly. 

 

4.3.1 Methods 

 

Twelve milligram samples of kanuka, manuka, and clover honey, and Royal Jelly, and 75 μg 

of purified kanuka honey AGPs were resolved on a 15% polyacrylamide SDS-gel. The 

resolved proteins were electroblotted onto a PVDF membrane. The membrane was incubated 

with a rat polyclonal antiserum (JM13) against AGPs (diluted 1:10), followed by an HRP-
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conjugated anti-rat IgG secondary antibody. Immunoreactivity was recorded using a Fujifilm 

LAS-3000 scanner. 

 

4.3.2 Results and Discussion 

 

Samples of kanuka, manuka, and clover honey, and Royal Jelly, and purified kanuka honey 

AGPs were resolved on a 15% polyacrylamide SDS-gel, and subjected to Western blot 

analysis with an anti-AGP antibody. The antibody detected very high molecular weight 

proteins of 250 kDa and higher, but also a discrete lower molecular weight form of ~60 kDa 

seen previoiusly (Figure 4.6). The result confirms the presence of AGPs in kanuka, manuka 

and clover honeys. In contrast, AGPs were completely absent from Royal Jelly. Kanuka 

honey appeared to have the highest content of AGPs, followed by mauka honey, and then 

clover honey, in accord with the results of the rocket gel electrophoresis.  

 

 

Figure 4.6 Western blot analysis of AGPs in New Zealand honeys and Royal Jelly. Aliquots of 12 mg 

of kanuka, manuka, and clover honey, and Royal Jelly, and 75 μg of purified kanuka honey AGPs 

were resolved on a 15% polyacrylamide SDS-gel, and screened by Western blot analysis using a rat 

antiserum raised against AGPs. Immunoreactivity was detected with HRP-conjugated rabbit anti-rat 

IgG, followed by enhanced chemiluminescence. The sizes of the molecular weight makers are given 

in kDa in the left-hand margin. 
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4.4 Characterization of the immunostimulatory activities of honey and honey-derived 

AGPs 

 

Arabinogalactomannans (AGs) from honey were first described by Siddiqui in 1965 

(Siddiqui, 1965). It was subsequently reported that AGs can stimulate macrophages to 

produce TNF-α (Wagner et al., 1988). AGs are often attached to proteins forming AGPs 

which are widely distributed in nature (Duan et al., 2003; Classen et al., 2006). They have 

been reported to be immunologically active (Pal, 2008). During previous work it was 

demonstrated that kanuka honey-derived AGPs stimulate monocytic THP-1 and U937 cells to 

release TNF-α (Gannabathula et al., 2012). The properties of honey-derived AGPs are poorly 

understood, and have yet to be studied in detail.  

 

4.4.1 Lactoferrin inhibits the immunostimulatory activities of honey and honey AGPs 

 

Lactoferrin is an iron-binding glycoprotein present in milk, and the exocrine secretions of 

mammals (MansourEl-Loly and Mahfouz, 2011). It is released from neutrophilic granules 

during inflammation. It possesses anti-microbial, immunomodulating and anti-inflammatory 

activities (Vorland, 1999; Baveye et al., 1999; Legrand et al., 2004). Of relevance to the 

present study, lactoferrin binds and inhibits the proinflammatory activity of LPS, as 

evidenced by its ability to downregulate LPS-induced cytokine production by monocytic 

cells, and inhibit LPS-induced cytokine production in mice (Håversen et al., 2002; Kruzel et 

al., 2002).   

 

Here, the aim was to investigate whether lactoferrin would inhibit the ability of kanuka honey 

and its AGPs to stimulate the release of TNF-α from monocytic cell lines. Given that honey-

derived AGPs and LPS share certain properties such as containing lipopolysaccharide, 

binding to polymyxin B, and heat stability, there was the likelihood that lactoferrin would 

inhibit the activity of honey AGPs. If it didn’t, then lactoferrin would be useful in 

distinguishing the activity of LPS from that of the honey AGPs.  
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4.4.1.1 Method 

 

Lactoferrin at a range of concentrations (2 to 10 mg/mL) was mixed with LPS (100 ng/mL), 

and the mixture used to stimulate differentiated U-937 and THP-1 cells for 4 h. Lactoferrin 

inhibited LPS-induced release of TNF-α in a concentration-dependent fashion (data not 

shown). A concentration of 10 mg/mL of lactoferrin was selected for further experiments as 

this concentration with a 4 h incubation almost completely LPS immunostimulatory activity. 

Lactoferrin (10 mg/mL) was mixed with LPS (100 ng/mL), kanuka honey (1% w/v), and 

kanuka honey-derived AGPs (5 g/mL), and the mixtures immediately used to stimulate 

differentiated U937 and THP-1 cells (Gannabathula et al., 2012). The cells (1x 10
6
) were 

incubated with the mixtures for 4 h at 37°C in a 5% CO2 humidified atmosphere. After 

incubation, the supernatant was collected and stored at -80°C. TNF-α in the thawed 

supernatants was measured by ELISA. The assay was repeated to confirm the reproducibility 

of the results. 

 

4.4.1.2 Results and Discussion 

 

As expected, lactoferrin at 10 mg/mL inhibited LPS-induced release of TNF-α from THP-1 

(Figure 4.7A) and U937 (Figure 4.7B) cells; almost completely in the case of THP-1 cells, as 

previously reported by Tian et al. who obtained almost complete inhibition using 2 mg/mL of 

lactoferrin  (Tian et al., 2010). Likewise, it almost completely inhibited the ability of kanuka 

honey and kanuka honey-derived AGPs to stimulate the release of TNF-α from THP-1 cells 

(Figure 4.7A), and U937 cells (Figure 4.7B), respectively, compared to the untreated kanuka 

honey and honey AGPs.  
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Figure 4.7 The effect of lactoferrin on the ability of kanuka honey and kanuka honey-derived AGPs 

to stimulate TNF-α release from monocytes. A) THP-1 cells and B) U-937 cells were treated with 100 

ng/mL of LPS, 1% (w/v) kanuka honey, and 5 μg/mL of kanuka honey-derived AGPs in the presence 

or absence of 10 mg/ml of lactoferrin (Lacto). Cells left untreated or treated with 10 mg/mL of 

lactoferrin served as controls. Data with different letters are significantly different (P <0.05) from one 

another, n=4 (the mean ratio of four replicate wells of cultured cells from two experiments). 
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4.4.2 Honey components isolated by affinity chromatography on polymyxin B agarose 

are immunostimulatory  

 

Polymyxin B (PmB) is an antibiotic derived from the bacterium Bacillus polymyxa that binds 

to the lipid A portion of LPS and neutralizes the biological effects of LPS (Bannatyne et al., 

1977; Tsuzuki et al., 2001), including  its in vivo toxicity (Cooperstock and Riegle, 1981). As 

mentioned previously, PmB was shown to partially inhibit the ability of honey to stimulate 

monocytes (Gannabathula et al., 2012). Here, we investigated whether removal of PmB-

binding factors from honey by affinity chromatography on PmB-agarose would deplete 

honey of its immunostimulatory activity. It was expected that PmB agarose would bind both 

honey AGPs and LPS. Whether the PmB-binding factors that were bound and eluted from 

PmB-agarose would retain their immunostimulatory activity was examined.  

 

 

 

4.4.2.1 Methods 

 

As described in detail in Section 2.2.5.3, kanuka honey was fractionated on a PmB-agarose 

column, and the flow-through was collected. As reported by Kannenberg et al. (1998), LPS 

can be eluted from PmB-agarose using solutions of high chaotropic strength such as 4 M 

guanidine. Accordingly, the column was washed and bound fractions eluted sequentially with 

strong chaotropic agents including 2 M MgCl2, 8 M urea, and 6 M guanidine HCl. The initial 

flow-through and eluates were dialyzed and tested for their ability to stimulate TNF-α 

release.  

 

4.4.2.2 Results and Discussion 

 

Kanuka honey that had been eluted in the flow-through from a PmB-agarose column retained 

the ability to stimulate TNF-α release from monocytic THP-1 (Figure 4.8A) and U-937 

(Figure 4.8B) cells. This result is qualitative as no attempt was made to directly compare 

activity with the unfractionated sample. Nothing was done to confirm that the column was 

not over-loaded and that no PmB-binding components remained in the flow-through. As a 

consequence, we cannot conclude that components that do not bind polymyxin B do or do not 
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have immunostimulatory activity. The two fractions of bound components eluted with 2 M 

MgCl2 and 8 M urea that would be expected to contain honey AGPs and LPS both stimulated 

TNF-α release from the monocytic cell lines, whereas there was no stimulation by the final 

guanidine HCl fraction. Thus, all the column-bound immunostimulatory components were 

recovered with the MgCl2 and urea elutions.  

 

 

Figure 4.8 Measurement of the immunostimulatory activity of fractions obtained following 

fractionation of kanuka honey on PmB-agarose. Kanuka honey was fractionated on PmB agarose, and 

the bound components eluted with 2 M MgCl2, 8 M urea, and 6 M guanidine HCl. THP-1 (A) and U-

937 (B) cells were left untreated or treated with 100 ng/mL of LPS (positive control), medium 

(untreated; negative control), 1% (w/v) kanuka honey, artificial honey (AH), 250 µL of the flow 

through, and 250 µL of each of the MgCl2, urea, and guanidine HCl (G-HCl) eluates.  TNF-α release 

by the cell lines was measured by ELISA. Data with different letters are significantly different (P 

<0.05) from one another, n=4 (the mean ratio of four replicate wells of cultured cells from two 

experiments). 

 

 

4.4.3 Heat stability of honey fractions separated by PmB affinity chromatography 

 

LPS is heat-stable, being able to withstand boiling for 30 min (Todar’s Online Textbook of 

Bacteriology; http://textbookofbacteriology.net/endotoxin.html) (Tsuzuki et al., 2001). 

Likewise, the immunostimulatory activity of honey was shown to be heat-stable (Timm et al., 

2008). The kanuka honey fractions separated by PmB affinity chromatography were tested 

for their heat-stability, to further characterize their properties. 

 

http://textbookofbacteriology.net/endotoxin.html
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4.4.3.1 Methods 

 

Diluted kanuka honey (10 mL of a 10% w/v solution) was chromatographed on a PmB-

agarose column containing 3 mL of agarose. The flow-through from the PmB-agarose 

column, and the bound honey components recovered by eluting the column with urea, were 

boiled for 30 min in a shaking water bath. The samples were dialysed, heat-treated at 100°C 

for 30 min and diluted in RPMI medium. They were incubated with THP-1 and U937 cells 

for 4 h at 37°C in a 5% CO2 humidified atmosphere, and compared for their 

immunostimulatory activity compared with samples that had not been heat treated. The cell 

culture supernatants were collected and stored at -80°C, then thawed and the levels of TNF-α 

measured by ELISA. The assay was repeated to confirm the reproducibility of the results. 

 

4.4.3.2 Results and Discussion 

 

Immunostimulatory components in the flow-through from the PmB-agarose column, and in 

the urea eluate, were completely heat-resistant (Figure 4.9A and B). Thus, their ability to 

stimulate the release of TNF-α from THP-1 cells was completely unaffected by boiling for 30 

min.  
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Figure 4.9 Effect of heat treatment on the immunostimulatory activity of kanuka honey components 

fractionated on PmB-agarose. Kanuka honey was fractionated on PmB agarose, and the bound 

components eluted with 2 M MgCl2, 8 M urea, and 6 M guanidine HCl. THP-1 (A) and U-937 (B) 

cells were left untreated or treated with 1% (w/v) kanuka honey, and equivalent amounts of the 

column flow-through (250 µL), and the urea eluate (250 µL) before and after heat treatment.  TNF-α 

release by the cell lines was measured by ELISA. Data with different letters are significantly different 

(P <0.05) from one another, n=4 (the mean ratio of four replicate wells of cultured cells from two 

experiments). 

 

4.4.4 Gamma irradiation selectively reduces the immunostimulatory activity of LPS, but 

has no effect on the immunostimulatory activity of honey 

 

For clinical purposes, honey is sterilized by being subjected to gamma irradiation, as it can be 

contaminated with various microorganisms (Jo et al., 2005; Saxena et al., 2010). Most 

bacteria cannot grow in honey due to its acidic nature, high sugar and low water content 

(Olaitan et al., 2007; Henriques et al., 2006). Nevertheless, a number of studies have reported 

bacterial and fungal contamination of honey (Snowdon and Cliver, 1996; Nakano and 

Sakagucki, 1991; Sackett, 1919), which could act as a potential source of infection. Tonks et 

al. (2007) reported that no vegetative bacteria could be cultured from honey, but nevertheless 

honey contained bacterial spores (Snowdon and Cliver, 1996). Microbes and their 

degradation products including LPS could be a source of immunostimulatory components in 

honey (Tonks et al., 2007). It was important to know whether irradiation has any effect on the 

immunostimulatory activity of honey.  
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Irradiation is achieved by exposure of goods to highly penetrating gamma waves from an 

ionizing radiation source. The radiation source used in this study was Cobalt 60. Irradiation 

achieves sterilization by breaking down bacterial DNA and preventing cell division (da Silva 

Aquino, 2012). The product is exposed to radiation in a specially designed, heavily shielded 

concrete room known as the cell. In commercial facilities, products are moved through the 

cell along automated carriers for controlled durations to achieve specific doses. The standard 

irradiation dose is 25-32 kilogray (kGy), but higher doses are achieved via multiple passes at 

25 kGy. Kanuka blended honey and LPS (Sigma Aldrich) subjected to 25 kGy were supplied 

by Comvita New Zealand Ltd, together with the non-irradiated samples.  

 

Here the aim was to determine whether irradiation affects the ability of kanuka honey and 

LPS to stimulate monocytes to release TNF-α.  

 

4.4.4.1 Methods 

 

Kanuka honey and LPS samples were subjected to 25 kGy irradiation by Dave Harris at 

Intervet Schering-Plough Animal Health, Wellington. Gamma irradiation is known as a ‘cold 

process’ as the temperature of the processed product does not increase by any significant 

amount during irradiation. THP-1 and U937 cells were treated with the non-irradiated and 

irradiated kanuka honey (1% w/v) and LPS (100 ng/mL) samples for 4 h at 37°C in a 5% 

CO2 humidified atmosphere.  After incubation, the cell culture supernatants were collected 

and stored at -80°C, then thawed and the levels of until TNF-α measured by ELISA. 

 

4.4.4.2 Results and Discussion 

 

Irradiation had no significant affect (p >0.05) on the ability of kanuka honey to stimulate the 

release of TNF-α from either U-937 (Figure 4.10A) or THP-1 (Figure 4.10B) cells. In marked 

contrast, irradiation significantly (p <0.05) reduced LPS stimulation of U-937 and THP-1 

cells by 35% and 62%, respectively. Thus, irradiation is able to distinguish the 

immunostimulatory properties of honey and LPS, with the results suggesting that the major 

immunostimulatory component of honey is not related to LPS.  
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Figure 4.10 Measurement of the effect of Cobalt 60 irradiation on the immunostimulatory activities 

of kanuka honey and LPS. A kanuka honey blend and LPS were subjected to 25 kGy irradiation from 

a Cobalt 60 source. Untreated and irradiated kanuka honey (1% w/v) and LPS (100 ng/mL) samples 

were incubated with U937 (A) and THP-1 (B) cells. Untreated cells were included as a control. TNF-

α release by the cell lines was measured by ELISA. Data with different letters are significantly 

different (P <0.05) from one another, n=4 (the mean ratio of four replicate wells of cultured cells from 

two experiments). RLPS, irradiated LPS; RKanuka, irradiated kanuka honey. 

 

4.4.5 Immunostimulatory properties of fractions obtained during the purification of 

AGPs from kanuka honey using the Yariv reagent 

 

During previous work (Gannabathula et al., 2012), the immunostimulatory properties of 

AGPs purified from kanuka honey by Gregor Steinhorn from Comvita (Steinhorn et al., 

2011) were examined. The purified AGPs had low levels of immunostimulatory activity, as 

confirmed above (Section 4.4.1). Here, the various fractions isolated during the purification 

process have been examined for their ability to stimulate the release of TNF-α from 

monocytic cell lines.  

 

4.4.5.1 Methods 

 

AGPs were purified from kanuka honey by Gregor Steinhorn (Comvita) as previously 

described (Steinhorn et al., 2011). Kanuka honey collected in January 2010 and obtained 

from Kiwi Bee Medical Ltd. (23 Kingfisher Drive, RD1 Kerikeri; batch Q360034, 6.75 kg), 

was diluted with deionised water to give a 10% (w/w) solution, diafiltered with deionised 
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water, and then ultrafiltered to remove all components <10 kDa molecular weight and 

designated “AGPs with proteins”. Ammonium sulphate was added to give a 95% (w/w) 

saturated solution and the precipitated proteins were pelleted by centrifugation and discarded. 

The supernatant was diafiltered and ultrafiltered as above and the retentate freeze-dried. This 

crude fraction was designated “AGPs without proteins. 

 

The “AGPs without proteins” fraction (800 mg) was dissolved in 1% (w/v) NaCl, and after 

incubation was centrifuged and the supernatant designated “AGPs before Yariv”.  The AGP-

enriched “AGPs before Yariv” fraction was treated with the β-glucosyl Yariv reagent as 

described by Gane et al. (1995) to purify the AGPs. An equal volume of β-glucosyl Yariv 

reagent (2 mg/mL in 1% w/v NaCl) was added, followed by incubation overnight at 4°C, and 

centrifugation to give a pellet containing the AGPs. The pellet was washed three times with 

1% w/v NaCl, then with MeOH, redissolved in water (40 mL), pelleted by centrifugation 

between washing steps and freeze-dried.  

 

The various AGP fractions isolated during the purification process were used to stimulate 

THP-1 and U-937 cells. The cells (1 x 10
6
) were incubated for 4 h with 5 g/mL of each 

fraction at 37°C in a 5% CO2 humidified atmosphere. The cell culture supernatants were 

collected, stored at -80°C, then thawed and TNF-α levels measured by ELISA (Section 

2.2.4.8). The assay was repeated to confirm the reproducibility of the results.  

 

 

4.4.5.2 Results and Discussion 

 

The “AGPs with proteins” fraction was by far the most potent in stimulating TNF-α release 

from U937 (Figure 4.11A) and THP-1 (Figure 4.11B) cells. In contrast, the purified AGPs 

fraction gave only 2.5-23% TNF-α release compared to “AGPs with proteins” fraction. The 

“AGPs without proteins” and “AGPs before Yariv” fractions gave only 3.5-27 and 40-46% of 

the activity. These results suggest that either AGPs are minor immunostimulatory 

components of honey, or more likely that the majority of the AGPs were removed with the 

bulk proteins during precipitation with ammonium sulphate. Just one concentration (5 
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µg/mL) of each AGP fraction was employed, hence it cannot be discounted that different 

results might be obtained at other concentrations. 

 

 

 
 

Figure 4.11 Measurement of the immunostimulatory properties of fractions obtained during the 

purification of AGPs from kanuka honey. AGPs were purified from kanuka honey, as described 

above, and fractions obtained during the purification process were tested for their ability to stimulate 

TNF-α release from U937 (A) and THP-1 (B) cells. The cells were incubated for 4 h with 5 μg/mL of 

purified kanuka honey AGPs, “AGPs before Yariv”, “AGPs with proteins”, and “AGPs without 

proteins” fractions. Data with different letters are significantly different (P <0.05) from one another, 

n=4 (the mean ratio of four replicate wells of cultured cells from two experiments). 

 

Rocket gel electrophoresis was subsequently carried out to determine the AGP content of 

each fraction. Rocket gel electrophoresis revealed that each fraction obtained during the 

purification process contained AGPs, albeit large amounts of the “AGPs without proteins” 

and “AGPs with proteins” fractions had to be analyzed to detect the AGPs (Figure 4.12). 

AGPs were undetectable in the “AGPs without proteins” and “AGPs with proteins” fractions 

when equal amounts (50 μg/mL) of each fraction in terms of protein content were compared 

with each other (data not shown). Thus, rocket gel electrophoresis of the “AGPs without 

proteins” (1 mg/mL) and “AGPs with proteins” (5 mg/mL) fractions, and low concentrations 

of the “AGPs before Yariv” (50 μg/mL) and “purified AGPs” (25 μg/mL) fractions revealed 

each fraction contained AGPs. Analysis of the areas of the rockets compared to the gum 
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arabic standards indicated that 1 mg/ml solutions of the “AGPs without proteins”, “AGPs 

with proteins”, “AGPs before Yariv”, and “purified AGPs” fractions contain 25, 50, 110 and 

110 g/ml of AGPs, respectively. Strikingly, the “AGPs with proteins” fraction had a low 

content of AGPs, yet it displayed the highest immunostimulatory activity (Figure 4.11), 

suggesting that the bulk of the immunostimulatory activity of kanuka honey is not due to 

AGPs alone.  

 

 

Figure 4.12 Determination by rocket gel electrophoresis of the AGP content of fractions obtained 

during the purification of AGPs from kanuka honey. Wells were loaded with purified AGPs (25 

μg/mL), “AGPs before Yariv” fraction (50 μg/mL), “AGPs with proteins” fraction (5 mg/mL), and 

“AGPs without proteins” fractions (1 mg/mL). 20 µL of each sample was loaded per well, and 

subjected to rocket gel electrophoresis in the presence of the Yariv reagent. Control wells were loaded 

with 20 µL of gum arabic AGPs (250, 100 and 50 μg/mL) 

 

4.4.6 Evidence that kanuka honey-derived AGPs possess a lipid moiety 

 

AGPs are plant glycoproteins, many of which possess a glycosylphosphatidylinositol (GPI) 

moiety which anchors the AGPs to the plasma membrane (Seifert and Roberts, 2007). GPIs 

are added to a specific amino acid in the C-terminal portion of the hydrophophic tail of 
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AGPs, and may attribute the AGPs with important functions rather than simply being anchors 

(Showalter, 2001). As mentioned above, kanuka honey-derived AGPs share similar 

properties with LPS, including binding to PmB and heat-stability. PmB binds to the lipid A 

moiety of LPS, which is the active moiety of LPS, and in accord lipid moieties are generally 

heat-stable (Magalhães et al., 2007). The latter features and the fact that several AGPs 

possess a GPI moiety raised the possibility that honey AGPs, or a subclass of them, might 

possess a biologically active lipid moiety.  

 

Does depletion of lipid-containing molecules from honey and purified AGPs remove 

their immunostimulatory activity? 

 

Lipid removal agent (LRA) is a synthetic calcium silicate hydrate that has unique affinity for 

lipid, lipoproteins and endotoxins in the presence of other biological macromolecules. It is a 

fine low cost powder produced by the hydrothermal reaction of hydrated lime and naturally 

occurring diatomite (Zhang et al., 2005). Here, the aim was to determine whether depletion of 

lipid-containing molecules from kanuka honey, and from purified AGPs by LRA would 

abrogate their immunostimulatory activity.  If so, then the evidence would suggest that a 

subclass of kanuka honey AGPs possesses an immunostimulatory lipid moiety.  

 

4.4.6.1 Methods 

 

LRA (100 mg) was mixed with 1 mL solutions containing 1 mg/mL of LPS, 10% (w/v) 

kanuka honey, and 1 mg/mL of kanuka honey-derived AGPs, diluted in RPMI medium. Note 

1 g of LRA, which is expected to remove 6 million EU of endotoxin. The mixtures were 

incubated overnight at 4°C on a rotating shaker, centrifuged at 3,000 g for 5 min to pellet 

LRA, and the supernatant was collected. LRA treated and untreated samples were added to 

fresh blood monocytes (1 x 10
5
 cells/mL), followed by incubation for 4 h at 37°C in a 5% 

CO2 humidified atmosphere. The cell culture supernatants were collected and TNF-α levels 

were measured by ELISA. The assay was repeated to confirm the reproducibility of the 

results. 
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4.4.6.2 Results and Discussion 

 

The results of two experiments revealed that LRA weakly but significantly (p <0.05) reduced 

the ability of LPS to stimulate the release of TNF-α from blood monocytes by 12.7%. In 

contrast, while LRA reduced the activity of the kanuka honey and AGP samples by 11 and 

38%, the results were not significant (Figure 4.13). The results are therefore equivocable as to 

whether honey contains an immunostimulatory lipid, and whether honey-derived AGPs 

possess a lipid moiety. LRA did not deplete LPS activity which is expected as 1 mg of LPS 

contains 10 million EU, whereas 100 mg LRA can only bind 600,000 EU (i.e 6%). That LRA 

depleted 12% of LPS suggests in was functioning correctly. Zhang et al., and Wang et al., 

suggest that the removal of endotoxin by LRA can be greatly enhanced by the presence of 

electrolytes such as NaCl, Tris-HCl or Na2HPO4 (Zhang et al., 2005; Wang et al., 2005). In 

future, the above experiment should be carried out with the inclusion of the latter electrolytes. 
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Figure 4.13 Measurement of the immunostimulatory activities of LPS, kanuka honey, and kanuka 

honey AGPs following removal of lipid-containing molecules using LRA. LPS, kanuka honey, and 

kanuka honey AGPs were depleted of lipid-containing molecules by precipitation with LRA. Fresh 

blood monocytes were incubated with untreated and LRA-treated LPS (100 ng/mL), kanuka honey 

(1% w/v), and kanuka honey AGPs (5 μg/mL), and TNF-α release was measured. Data with different 

letters are significantly different (P <0.05) from one another, n=4 (Data represents the mean ratio of 

four replicate wells of cultured cells from two experiments). 
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4.4.7 Do honey-derived AGPs contain a GPI moiety, and can they be eluted from a PmB 

column using phospholipase C?  

 

The above results provided tentative, but inconclusive, evidence that a subclass of honey-

derived AGPs possess a lipid moiety. As mentioned previously, many plant-derived AGPs 

contain a glycosyl phosphatidylinositol (GPI) moiety. The lipid portion of GPI moieties can 

be cleaved away from the carbohydrate portion by either phospholipase C or D (Lehto and 

Sharom, 2002) (Figure 4.14).  

 

 
Figure 4.14 Structure of the GPI anchor found in the pear AGP Pc1. Potential sites of cleavage by 

phospholipase C and phospholipase D are indicated. Cleavage would be expected to release the AGPs 

from the plasma membrane into the extracellular matrix (Lehto and Sharom, 2002). PLC, 

phospholipase C; PLD, phospholipase D. (Original drawing) 

 

Here the aim was to determine whether the immunostimulatory component of honey AGPs 

binds directly to PmB, or not. By example, it is the lipid A moiety of LPS that binds directly 

to PmB. Thus one might expect it would be the lipid-containing GPI moiety of the AGPs that 

binds directly to PmB. Once the AGP has been bound to PmB-agarose it should be possible 

as above for phospholipase C to cleave the AGPs, thereby separating the protein component 

from the GPI moiety. The question then is, would the immunostimulatory component reside 

in the material bound to PmB, or would it be eluted?  
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4.4.7.1 Methods 

 

One millilitre of purified kanuka honey AGPs (1 mg/mL) was passed through a PmB agarose 

column as described (Section 2.2.5.3) and the flow-through was collected and diluted in 

RPMI medium containing PSG. The PmB column was then washed 4 times with PBS and the 

first and fourth wash fractions were collected. Finally, 1 mL of phospholipase C (1 mg/mL) 

was passed through the PmB column and the eluate collected. The unfractionated AGPs 

sample (25 μg/mL), the column flow-through fraction (25 μg/mL), the first and fourth wash 

fractions (250 µg/mL), and the phospholipase C eluate (250 µg/mL) were each incubated 

with fresh blood monocytes (1 x 10
5
 cells/mL) for 4 h at 37°C in a 5% CO2 humidified 

atmosphere. The cell culture supernatants were collected and TNF-α levels measured by 

ELISA. The assay was repeated to confirm the reproducibility of the results. The AGP 

content of the fractions was measured by rocket gel electrophoresis, as described earlier 

(Section 2.2.4.6). 

 

4.4.7.2 Results and Discussion 

 

The kanuka honey fraction that passed straight through the PmB column was completely 

devoid of immunostimulatory activity (Figure 4.15), whereas this fraction contained the 

majority of the AGPs, as determined by rocket gel electrophoresis (Figure 4.16).  Remaining 

unbound AGPs recovered in the column washes that were detectable by rocket gel 

electrophoresis were also devoid of activity (Figure 4.15 and 4.16). This result was entirely 

unexpected, and indicated that the immunostimulatory component within the purified kanuka 

honey AGP fraction is either not AGPs or that only a proportion of the kanuka honey AGPs 

are highly active. In contrast, phospholipase C treatment of the column released bound 

material that stimulated the release of TNF-α from blood monocytes (Figure 4.15). 

Surprisingly, AGPs could not be detected in this fraction by rocket gel electrophoresis 

(Figure 4.16). The latter results revealss that phospholipase C treatment had released an 

immunostimulatory component from the material that had bound the PmB agarose column. 

The active component cannot be contaminating LPS, as LPS does not contain a GPI group 

and would not be able to be digested and eluted from the column. The nature of the 

immunostimulatory component in the purified AGP fraction deserves further study, as such a 

study would help to distinguish whether a variant of the AGPs or some contaminating non-
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LPS component is responsible for the immunostimulatory activity of purified honey AGPs. 

What is unequivocal however, is that a proportion of honey AGPs do not bind PmB and are 

not immunostimulatory.  
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Figure 4.15 Measurement of the immunostimulatory activity of fractions obtained from the 

fractionation of honey-derived AGPs on a PmB-agarose column. AGPs purified from kanuka honey 

were fractionated on a PmB-agarose column with the flow-through, first and fourth washes, and 

eluate following phospholipase treatment being collected. Fresh blood monocytes were left untreated 

or were treated with purified kanuka honey AGPs (25 μg/mL), the column flow-through (25 μg/mL), 

first wash (250 μg/mL), fourth wash (250 μg/mL), and the phospholipase C eluate (250 μg/mL). TNF-

α release was measured by ELISA. Data with different letters are significantly different (P <0.05) 

from one another, n=4 (the mean ratio of four replicate wells of cultured cells from two experiments). 
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1                  2                 3                 4              5   

 

Figure 4.16 Measurement by rocket gel electrophoresis of the AGP content of fractions obtained from 

the fractionation of honey-derived AGPs on a PmB-agarose column. Rocket gel electrophoresis was 

performed with the Yariv agent included in the gel to precipitate AGPs. The various fractions 

analyzed are more fully described in Figure 3.15, and include (1) 20 µL of purified kanuka honey 

AGPs (25 μg/mL), (2) 20 µL of the column flow-through (25 μg/mL), (3) first wash (25 μL), (4) 

fourth wash (25 μL), and (5) the phospholipase C eluate (25 μL).  

 

 

Conclusion 

 

The results described in this chapter reveal that kanuka honey is more enriched with AGPs 

compared to manuka and clover honeys, whereas in contrast AGPs are completely absent 

from Royal Jelly. It would be interesting to determine whether the nectar of kanuka flowers 

has a higher content of AGPs that might explain this difference. There is provisional evidence 

suggesting that kanuka honey AGPs is structurally different from gum arabic AGPs.  

Lactoferrin pretreatment of kanuka honey and kanuka honey AGPs completely abolished 

their ability to induce the release of TNF-α from monocytic cell lines. Thus, honey AGPs 

share the ability to be inhibited by lactoferrin, in addition to the other properties they 

reportedly share including binding to PmB, and relative heat stability. Sensitivity to 

irradiation proved to be able to distinguish AGPs from LPS, such that irradiation of LPS 

significantly reduced its ability to stimulate the release of TNF-α, whereas AGPs remained 

completely insensitive to the effects of irradiation. The major immunostimulatory component 

of honey cannot be related to LPS as honey was also insensitive to the effects of irradiation.  

 

It was a surprise to find that at least a proportion of the kanuka honey AGPs do not bind to 

PmB, and do not have immunostimulatory activity. Thus, AGPs that were eluted in the flow-

through following chromatography of kanuka honey AGPs on a column of PmB agarose 
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were devoid of immunostimulatory activity. It cannot be discounted that PmB might have 

leached from the column and inhibited the AGPs, albeit this explanation seems unlikely. 

Phospholipase C digestion of the material that bound to the PmB column released a 

component that possessed immunostimulatory activity. The nature of this component is 

unresolved. Further, the “AGPs with proteins” fraction obtained during the purification of 

AGPs from kanuka honey using the Yariv reagent had a low content of AGPs, yet it 

displayed the highest immunostimulatory activity, suggesting that the bulk of the 

immunostimulatory activity of kanuka honey is not due to AGPs alone. 

 

The following chapter reveals that other bioactive components in honey are partly responsible 

for the immunostimulatory activity of honey. 
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CHAPTER FIVE 

IDENTIFICATION AND CHARACTERIZATION OF THE HONEY 

BEE-DERIVED PRODUCT APISIMIN AS A BIOACTIVE 

IMMUNOSTIMULATORY COMPONENT OF HONEY 

 

The data in Chapter 4 described a minor immunostimulatory component of kanuka honey that 

was isolated together with AGPs using the Yariv reagent. The component shared several 

properties with LPS in that it bound to PmB, was heat stable, and its immunostimulatory 

activity was blocked by lactoferrin. The identity of this AGP-related component remains an 

enigma. The AGP fraction derived from honey was only partly responsible for stimulating 

TNF-α release from monocytic cells, suggesting the presence of other bioactive components 

in honey which are largely responsible for its immunomodulatory activity. Tonks et al. 

reported that a 5.8 kDa component of New Zealand honey stimulates TNF-α release from 

human monocytic cells via a TLR4 signalling pathway (Tonks et al., 2007). Tamura et al. 

subsequently reported that apisimin, a 5.5 kDa serine and valine-rich peptide that is secreted 

from the hypopharyngeal and mandibular glands of honeybees into Royal Jelly (Bíliková et 

al., 2002), forms a complex with Apa1 that is capable of stimulating the proliferation of 

lymphocytes (Tamura et al., 2009b). The connection was intriguing; could apisimin be the 

5.8 kDa immunostimulatory component identified by Tonks et al.? The aim of the work 

presented in this Chapter was to determine whether apisimin possesses the ability to stimulate 

monocytes to release TNF-α, and if so to unravel other properties of apisimin that might be 

relevant to the immunostimulatory properties of honey. 

 

5.1 Apisimin: A novel immunostimulatory bioactive in honey? 

 

Apisimin is a 5.5 kDa peptide secreted by hypopharyngeal and mandibular glands in the 

heads of both nurse and forager honey bees (Shen et al., 2007). It was reported to be 

associated with high molecular weight proteins in Royal Jelly, presumably apalbumin 1 

(Apa1) (Bilikova et al., 2002), and possibly with other compounds within a large 420 kDa 

protein complex (Kimura et al., 1996; Simúth, 2001). As mentioned, Tamura et al., 2009 

demonstrated that apisimin forms a complex with the Royal Jelly protein Apa1, which
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stimulates the proliferation of T cells (Tamura et al., 2009b). Apisimin appears to be a unique 

peptide as screens of protein databases in GenBank revealed no strong similarity to other 

proteins. The closest similarity was with chain A of dephospho-coenzyme A kinase from 

Haemophilus influenza, followed by chain A of E. Coli aspartate transcarbamoylase, zinc 

finger C2H2 protein of Encephalitozoon cuniculi, and the gamma2 chain of tubulin from the 

ciliate Euplotes crassus (Figure 5.1). 

 

Sequence of apisimin from Royal Jelly 

KTSISVKGESNVDVVSQINSLVSSIVSGANVSAVLLAQTLVNILQILIDANVFA (L-isomer) 

 

Dephospho-coenzyme A kinase 

Apisimin  10   LAAFCVAMLVSDVSAKTSISVKGESNVDVVSQINSLVSSIVSGANV---------SAVLL  60 

               L A C  +LV DVS +T ++   + + +   QI  +++S VS             +   L 

Sbjct     120  LTALCDRILVVDVSPQTQLARSAQRDNNNFEQIQRIMNSQVSQQERLKWADDVINNDAEL  179 

 

Apisimin  61   AQTLVNILQILIDANVF  77 

               AQ L ++ Q +++ + F 

Sbjct     180  AQNLPHLQQKVLELHQF  196 

 

 

Aspartate transcarbamoylase 

Apisimin  23   SAKTSISVKGESNVDVVSQINSLVSSIV  50 

               SA TS+  KGE+  D +S I++ V +IV 

Sbjct     76   SANTSLGKKGETLADTISVISTYVDAIV  103 

 

 

Zinc finger C2H2 protein 

Apisimin  42  INSLVSSIVSGANVSAVLLAQTLVNILQILIDANVF  77 

              + S+VS ++ GA+VS VLL  T   I    +D  V  

Sbjct     13  VESVVSRVLPGADVSEVLLPDTATKIYVFCVDGRVL  48 

 

 

Gamma2 chain of tubulin 

Apisimin  8    VVLAAFCVAMLVSDVSAKTSISVKGESNVD-VVSQINSLVSSIVSGANVS  56 

               +VL A CV +L  D +A TSI+V     +   +SQ+NS+VS++++ +  + 

Sbjct      192 LVLNADCVVVL--DNTAITSIAVDRLKLLHPTISQVNSIVSTVMAASTTT  239 

 
Figure 5.1 Similarity of apisimin with proteins in GenBank. A blast search of GenBank for proteins 

related to apisimin revealed the four closest proteins were bacterial dephospho-coenzyme A kinase, 

and aspartate transcarbamoylase, the fungal zinc finger C2H2 protein, and the ciliate gamma2 chain 

of tubulin.  

 

The properties of apisimin were explored using a synthetic form of apisimin.  The main 

objective of this section was to determine whether apisimin is present in honey, and 

determine its structural properties, as it had been reported that apisimin itself can oligomerize 

to form large protein complexes (Bilikova et al., 2002). 
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5.1.1 A 5.5 kDa band reminiscent of the size of apisimin can be detected in kanuka 

honey proteins resolved by SDS-gel electrophoresis 

 

The objective of this section was to determine whether SDS-gel electrophoresis of kanuka 

honey would reveal a band of 5.5 kDa, the size expected for apisimin.  Royal Jelly was 

included for comparison as this product is known to contain apisimin (Tamura et al., 2009b; 

Shen et al., 2007). As a guide, a synthetic form of apisimin was synthesized (Peptide 2.0, 

Chantilly, VA), and its migration under non-denaturing and denaturing conditions analyzed. 

The ability of the synthetic apisimin to form oligomers was examined. 

 

5.1.1.1 Methods 

 

Kanuka honey, Royal Jelly, and synthetic apisimin samples were electrophoresed on Tris-

tricine SDS-gels (see Chapter 2, Methods, Section 2.2.4.1), which are capable of resolving 

low molecular weight peptides as small as 2 kDa (Schägger and Von Jagow, 1987; Schägger 

et al., 1988). Synthetic apisimin was electrophoresed on Tris-tricine non-denaturing gels that 

did not contain SDS in order to determine whether oligomers were formed under the latter 

condition.   

 

5.1.1.2 Results and Discussion 

 

Synthetic apisimin was first resolved by non-denaturing and denaturing polyacrylamide gel 

electrophoresis to determine its migration profile, given its reported propensity to form a self-

associated complex of 30 kDa. It was detectable with Coomassie blue staining despite the 

fact that it contains only one of the five amino acids required to bind this stain. Synthetic 

apisimin migrated as a high molecular weight protein of around 30 kDa on a non-denaturing 

polyacrylamide gel, despite the fact that it is only a 54 amino acid residue peptide with a 

predicted molecular weight of 5.5 kDa (Figure 5.2A). In marked contrast, it migrated as a 

homogeneous low molecular weight band of less than 6 kDa on a denaturing tricine-based 

SDS-polyacrylamide gel (Figure 5.2B). Thus apisimin appears to form oligomers as reported 

by Bilikova et al (2002). The apisimin band on the denaturing gel was broad, presumably 

because the peptide forms oligomers containing different numbers of the apisimin peptide. 
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Apisimin contains cysteine residues which may cause interchain disulphide bonding leads to 

oligomerization, though the samples were treated with DTT which should have reduced 

interchain disulphide bonds. Samples of kanuka honey and Royal Jelly were resolved by 

SDS–PAGE on 15% polyacrylamide gels, and the proteins were stained with Coomassie 

blue. The major apalbumin bands at 49 to 70 kDa were clearly evident in the kanuka honey 

and Royal Jelly samples (Majtan et al., 2006), but in addition both samples contained a low 

molecular band similar in size to apisimin (Figure 5.3A). The “AGP+proteins” fraction 

obtained during the purification of kanuka honey AGPs using the Yariv reagent (refer to 

Chapter 3, Section 3.4.5) contained a smear of proteins with a protein of ~55 kDa being 

predominant (Figure 5.3B). This fraction also contained a band of similar size to synthetic 

apisimin and natural apisimin present in kanuka honey. There did not appear to be any great 

enrichment of the band in this fraction compared to unfractionated kanuka honey. 

 

 

Figure 5.2 Analysis of commercially synthesized apisimin by polyacrylamide-gel electrophoresis. (A) 

Non-denaturing Tris-tricine polyacrylamide gel analysis of synthetic apisimin (15 μg). MW: 

molecular weight protein standards (Sigma). (B) Denaturing Tris-tricine SDS–polyacrylamide gel 

analysis of synthetic apisimin (15 μg). MW: molecular weight protein standards (Sigma). The sizes of 

the molecular weight markers are given in kDa in the left-hand margins. 
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Figure 5.3 Analysis of endogenous apisimin in honey, Royal Jelly, and the “AGP with proteins” 

fraction. (A) Both honey and Royal Jelly analysed for a low molecular weight protein similar in size 

to apisimin. Samples of kanuka honey (15 mg), and Royal Jelly (25 μg) were electrophoresed on a 6% 

polyacrylamide Tris-tricine SDS-gels under reducing conditions. (B) Samples of synthetic apisimin 

(15 μg), kanuka honey (15 mg) and the “AGP with proteins” fraction (15 μg) obtained during the 

purification of kanuka honey AGPs using the Yariv reagent (refer to Chapter 3, Section 3.4.5.1) were 

electrophoresed on a 6% polyacrylamide Tris-tricine SDS-gel under reducing conditions. MW: 

molecular weight protein standards (Sigma). The sizes of the molecular weight markers are given in 

kDa in the left-hand margins. The positions of the putative apisimin bands are marked with arrows. 

 

5.1.2 Development of an antiserum against apisimin to be used to detect and quantify 

the levels of apisimin in honey 

 

A synthetic full-length apisimin peptide was sent to Promab Biotechnologies Inc., Richmond, 

CA, to enable them to produce a mouse monoclonal antibody against apisimin. The company 

initially delivered a variety of polyclonal mouse antisera for screening in order to determine 

which of the 4 mice injected gave the highest titre antibody. The company also provided pre-

immune sera from each mouse. The objective of this section was to identify which mouse 

polyclonal antiserum had the highest titre against apisimin. The antisera were to be 
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subsequently employed to confirm the presence of apisimin in New Zealand honeys and 

Royal Jelly. 

 

5.1.2.1 Methods 

 

The mouse antisera were initially screened against apisimin using a dot blot assay, as 

described earlier (Chapter 2, Methods, Section 2.2.4.4). A sample of apisimin (2 μL of a 1 

mg/mL solution) was spotted at the centre of a circle drawn on a nitrocellulose membrane.  

The membranes were screened with 1:50 dilution of each anti-serum against apisimin, and 

the pre-immune sera, followed by a goat anti-mouse IgG-HRP conjugated secondary 

antibody. The immunoreactivity was developed with ECL substrate solution, and the result 

recorded using a Fujifilm LAS-3000 scanner. 

 

Western blot analysis was carried out as described earlier (Chapter 2, Methods, Section 

2.2.4.2) to confirm that the anti-apisimin antisera were actually recognizing apisimin.  

Samples of 15 μg of synthetic apisimin peptide were resolved on a Tris-tricine SDS-gel and 

electroblotted onto a nitrocellulose membrane.  The membranes were screened with 1:50 

dilution of each anti-serum against apisimin, and the pre-immune sera, as described above for 

the dot blot assay.  

 

5.1.2.2 Results and Discussion 

 

None of the pre-immune sera recognized apisimin in the dot blot analysis (Figure 5.4). In 

contrast, all four antisera raised against the apisimin synthetic peptide detected the peptide 

blotted onto nitrocellulose. Antisera raised in mouse 07A appeared to bind less strongly than 

the other three antisera. Similar results were obtained in the Western blot analysis (Figure 

5.5). Thus, the preimmune sera were all inactive, whereas all four anti-apisimin antisera 

detected the low molecular weight synthetic apisimin peptide of 3-6 kDa. Once again, the 

07A antisera bound apisimin less well than the other three anti-apisimin antisera.  
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Figure 5.4 Screening of mouse pre-immune and anti-apisimin antisera by dot blot analysis. 2 μg of 

synthetic apisimin peptide was spotted into the centre of a circle drawn in pencil (indicated by dashed 

line) on the surface of a nitrocellulose membrane. The membranes were screened with 1:50 dilution of 

preimmune sera (07P-10P), and antisera (07A-10A) that were raised against apisimin. The dot blots 

were incubated with a goat anti-mouse secondary antibody (diluted 1:5,000) and developed by 

enhanced chemiluminescence.  

 

 

Figure 5.5 Screening of mouse pre-immune and anti-apisimin antisera by Western blot analysis. 

Samples of 12 μg of synthetic apisimin peptide were resolved on a Tris-tricine SDS gel, and 

transferred to a nitrocellulose membrane. The membranes were screened with 1:50 dilution of 

preimmune sera (07P-10P), and antisera (07A-10A) that were raised against apisimin. The Western 

blots were incubated with a goat anti-mouse secondary antibody (diluted 1:5,000) and developed by 

enhanced chemiluminescence. The sizes of the molecular weight markers are given in kDa in the left-

hand margins. 
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5.1.3 Titration of anti-apisimin antisera 

 

Further Western blot analyses were carried out to identify which of the three antisera, 08A, 

9A, and 10A, had the highest titre. Samples of 15 μg of synthetic apisimin peptide were 

resolved on a Tris-tricine SDS-gel and electroblotted onto a nitrocellulose membrane. The 

membranes were screened with antiserum against apisimin that had been diluted 1:50, 1:250, 

1:500, and 1:1,000. Immunoreactivity was detected as described above. 

 

 

Figure 5.6 Western blot analysis results of titration of polyclonal antisera 07A, 08A and 10A against 

apisimin. Details are as described in Figure 5.5. 

 

The results showed that all three antisera had very similar titres, with apisimin being weakly 

detected at a titration of 1:1,000, and being very strongly detected at a titre of 1:50. At 1:50 

dilution, antisera 08A appeared to recognize apisimin less strongly than did the other two 

antisera (Figure 5.6). Further, the immunoreactivity of antisera 08A appeared to differ from 

that of the other two antisera. Whilst antisera 09A and 10A detected low molecular weight 

apisimin, antisera 08A recognized low molecular weight apisimin, but also higher molecular 
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weight material not observed in the earlier Western blot analysis (Figure 5.5). The higher 

molecular weight material may represent apisimin oligomers that were not completely 

dissociated in this particular SDS-gel. Antiserum 10A had a slightly higher titre than the 

other antisera and was selected to be used to detect apisimin in honey.  

 

5.1.4 Detection of apisimin in New Zealand honeys and Royal Jelly 

 

The commercially prepared mouse anti-apisimin polyclonal antiserum 10A was employed to 

determine whether the low molecular weight band seen in kanuka honey and Royal Jelly 

samples fractionated on SDS-gels was indeed apisimin.  

 

5.1.4.1 Methods 

 

Samples of kanuka, manuka and clover honeys, and Royal Jelly were resolved on a 

denaturing 6% polyacrylamide Tris-tricine SDS-gel and subjected to Western blot analysis 

with the anti-apisimin 10A antisera.  

 

5.1.4.2 Results 

 

The antisera detected a major low molecular band of ~5 kDa protein in the three honeys and 

Royal Jelly, which was identical in size to chemically synthesized apisimin (Figure 5.7). 

Trace amounts of slightly higher molecular weight forms were evident, which may represent 

small oligomers that were not completely dissociated. Kanuka honey appeared to contain the 

highest levels of apisimin amongst the honeys.  
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Figure 5.7 Determination of apisimin in New Zealand honeys and Royal Jelly using western blot 

analysis. Aliquots of 15 mg of clover, manuka, and kanuka honey, 150 μg of Royal Jelly, and 25 μg of 

synthetic apisimin were resolved on a Tris-tricine polyacrylamide SDS-gel, and screened by Western 

blot analysis using the polyclonal anti-apisimin antiserum 10A. Immunoreactivity was detected with 

HRP-conjugated goat anti-mouse IgG, followed by enhanced chemiluminescence. The sizes of the 

molecular weight makers are given in kDa in the leftt-hand margin. 

 

5.1.5 Ligand-binding assay to determine whether apisimin binds to components in 

honey 

The objective here was to employ a ligand-binding assay to demonstrate that apisimin 

interacts with other honey components, including itself. It was plausible that apisimin might 

form a multivalent complex with honey AGPs, as previously described for the apalbumins 

(Tamura et al., 2009b). A ligand-binding assay was established to test this notion in which 

apisimin, kanuka honey AGPs, kanuka honey, manuka honey, clover honey, and the control 

protein bovine serum albumin were spotted onto a nitrocellulose membrane, and screened for 

their ability to bind biotinylated apisimin. 

 

5.1.5.1 Methods 

 

The ligand-binding assay was carried out according to the protocol by Kim and Yoo (Kim 

and Yoo, 1998). Samples of 2 L of each of synthetic apisimin (1 mg/mL), kanuka, manuka, 

and clover honeys (100 mg/mL), purified kanuka honey AGPs (1 mg/mL), and bovine serum 
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albumin (BSA) (1 mg/mL), were spotted onto a nitrocellulose membrane. The membrane was 

blocked, washed thrice with TBS-T, and incubated with synthetic biotinylated apisimin (0.1-

10 μg/ml) (Peptide 2.0, Chantilly, VA). The membrane was washed thrice with TBS-T, and 

incubated with HRP-conjugated streptavidin. Apisimin binding was detected by enhanced 

chemiluminescence. 

 

5.1.5.2 Results and Discussion 

 

The results of the ligand-binding assay are shown in Figure 5.8. Apisimin is reported to be a 

self-binding protein (Bilikova et al., 2002), and in accord apisimin in solution was found to 

bind to apisimin spotted onto the membrane. Apisimin also bound to each of the honey 

samples spotted onto the membrane, presumably to apisimin and potentially other honey 

proteins such as apalbumins that bind to nitrocellulose. Notably, apisimin did not bind to 

AGPs isolated from kanuka honey. It also did not bind non-specifically to the BSA control. 

 

 

Figure 5.8 Ligand-binding assay to determine whether apisimin binds to itself, different honeys, and 

kanuka honey AGPs. Samples of 2 μL of each of synthetic apisimin (1 mg/ml), bovine serum albumin 

(BSA) (1 mg/ml), kanuka honey, manuka honey, clover honey (100 mg/mL), and purified kanuka 

honey AGPs (1 mg/mL) were spotted onto a nitrocellulose membrane. The membrane was incubated 

with biotinylated apisimin, and binding of apisimin to spotted samples was detected with HRP-

conjugated streptavidin and enhanced chemiluminescence. 
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5.1.6 Apisimin stimulates the release of TNF-α from blood monocytes 

 

The identity of the key immunostimulatory components of honey is controversial. Tonks et 

al. isolated a PmB-insensitive component of 5.8 kDa from manuka honey, which stimulated a 

human monocytoid cell line to release TNF-α via a TLR4 mediated mechanism (Tonks et al., 

2007). The 5.8 kDa component was never identified. It could potentially be apisimin.   

Tamura et al. subsequently reported that apisimin forms a complex with Apa1 that is capable 

of stimulating the proliferation of lymphocytes (Tamura et al., 2009b), demonstrating that 

apisimin in association with apalbumins is immunostimulatory. Here the aim was to 

determine whether apisimin on its own is able to stimulate blood monocytes to release TNF-

α. 

 

5.1.6.1 Methods 

 

Fresh blood monocytes (1 x 10
5
 cells/mL) were stimulated for 4 h at 37°C in a 5% CO2 

humidified atmosphere with increasing concentrations (5 μg/mL to 25 μg/mL) of synthetic 

apisimin diluted in RPMI medium supplemented with PSG. The cell culture supernatants 

were collected, stored at -80°C, then thawed and TNF-α levels measured by ELISA. The 

assay was repeated to confirm the reproducibility of the results. 

 

5.1.6.2 Results and Discussion 

 

Apisimin stimulated the release of TNF-α in a concentration-dependent fashion (Figure 5.9), 

with low activity similar to that of the kanuka honey AGPs (Gannabathula et al., 2012). The 

response was not linear (r
2
 = 0.7368) over the tested concentrations of 5 to 25 μg/mL, with 

150 pg/mL of TNF-α being released after 4 h at the highest concentration of 25 μg/mL. It is 

plausible that apisimin forms oligomers more readily at high concentrations which would be 

polyvalent and potentially more effective at stimulating monocytes. 
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Figure 5.9 Apisimin stimulates the release of TNF-α from blood monocytes. (A) Peripheral blood 

monocytes were incubated with increasing concentrations (5–25 μg/ml) of synthetic apisimin peptide. 

TNF-α release was measured by ELISA and presented as mean + SD of four replicates of one 

experiment.  

 

5.1.7 Apisimin does not bind polymyxin B and is heat-stable 

 

As described in Chapter 3, and reported previously (Gannabathula et al., 2012), the 

immunostimulatory component of purified kanuka honey AGPs is inhibited by PmB 

treatment, and is heat-stable. Here the aim was to compare the PmB-sensitivity and heat-

stability of apisimin and kanuka honey AGPs.  

 

5.1.7.1 Methods 

 

To determine sensitivity to PmB, samples of AGP (5 μg/mL) and apisimin (5 μg/mL) were 

left untreated or treated with  10 μg/mL of PmB, and immediately incubated with monocytes 

(1 x 10
5
 cells/mL) for 4 h at 37°C in a 5% CO2 humidified atmosphere. The cell culture 

supernatants were collected, stored at -80°C, then thawed and  TNF-α levels measured by 

ELISA. The assay was repeated to confirm the reproducibility of the results. 

 

To determine heat-stability, apisimin (1 mg/mL) was heated at 37°C for 24 h or at 100°C for 

30 min. It was then diluted to a final concentration of 25 μg/mL in RPMI medium 

supplemented with PSG, and used to treat monocytes (1 x 10
5
 cells/mL) for 4 h at 37°C in a 
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5% CO2 humidified atmosphere. As a control, the cells were also treated with unheated 

apisimin. The cell culture supernatants were collected, stored at -80°C, then thawed and 

TNF-α levels measured by ELISA. The assay was repeated to confirm the reproducibility of 

the results. 

 

5.1.7.2 Results and Discussion 

 

The ability of kanuka honey AGPs to stimulate TNF-α release from monocytes was 

significantly reduced by 94% after treatment with PmB, compared to the untreated AGPs. In 

contrast, the ability of apisimin to stimulate TNF-α release was not significantly affected by 

treatment with PmB (Figure 5.10). In accord, the activity of the 5.8 kDa component isolated 

from manuka honey by Tonks et al. was reported not to be inhibited by PmB (Tonks et al., 

2007). 
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Figure 5.10 Measurement of Inhibition effect of the immunostimulatory activities of kanuka honey 

AGPs and apisimin by PmB treatment. Peripheral blood monocytes were incubated with kanuka 

honey AGPs (5 μg/ml) and apisimin (5 μg/ml) that were either left untreated or treated with PmB (10 

µg/mL). TNF-α release into cell culture supernatants was measured by ELISA and presented as mean 

the mean ratio of four replicate wells of cultured cells from two experiments,. . Data with different 

letters are significantly different (P <0.05) from one another. 
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As shown in Figure 5.11, the ability of heat-treated apisimin to induce TNF-α release from 

monocytes was not significantly different from that of the untreated apisimin, indicating that 

apisimin is a heat-stable component. This result is quite extraordinary considering that 

apisimin is a protein, as most proteins precipitate upon heating at 100°C, and are inactivated 

(Wu and Wu, 1925).  

 

 

 

Figure 5.11 The effect of heat stability of apisimin on immunostimulatory activity . Peripheral blood 

monocytes were incubated with apisimin (25 μg/mL) that had been left untreated or heated at 37°C for 

24 h or at 100°C for 30 min. TNF-α release into cell culture supernatants was measured by ELISA 

and presented as the mean ratio of four replicate wells of cultured cells from two experiments.. Data 

with different letters are significantly different (P <0.05) from one another. 
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Conclusion 

 

This chapter describes the novel finding that New Zealand honeys contain apisimin, which is 

shown to be partly responsible for the immunostimulatory activity of honey. The data 

confirm that apisimin oligomerizes to form a high molecular weight complex. Apisimin is 

revealed to be a heat-stable protein whose immunostimulatory activity is not significantly 

inhibited by PmB. These findings and the previous finding that apisimin complexed to 

apalbumins stimulated lymphocyte proliferation, raises the question as to whether apisimin 

synergizes with apalbumins, and other honey components such as the AGPs to stimulate 

monocyte/macrophages. In the following chapter, apisimin is tested for its ability to synergize 

with kanuka honey AGPs to stimulate TNF-α production from blood monocytes. 
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CHAPTER SIX 

SYNERGISTIC PROPERTIES OF APISIMIN AND 

ARABINOGALACTAN PROTEINS  

 

6.1 Introduction 

 

AGPs in honey are partially responsible for the ability of honey to induce the release of TNF-

α from monocytes (Gannabathula et al., 2012). The data in Chapter 5 indicate that apisimin is 

present in honey and also contributes to the induction of TNF-α release. Apisimin was 

reported to associate with the high molecular weight protein Apa1 in Royal Jelly (Bilikova et 

al., 2002), and possibly with other compounds within a large 420 kDa protein complex 

(Kimura et al., 1996; Simúth, 2001). There is the possibility that apisimin is partly 

responsible for the immunostimulatory properties of apalbumin preparations (Šimúth et al., 

2004; Majtan et al., 2006; Okamoto et al., 2003). The above findings raise the question, does 

apisimin synergize with other honey components such as the AGPs? The aim of this chapter 

was to determine whether apisimin and AGPs present in kanuka honey synergize to stimulate 

the release of TNF-α from blood monocytes, neutrophils and PBMNCs. 

 

6.2 Methods 

 

Fresh blood monocytes, PBMNCs, and neutrophils were isolated and cultured as described 

earlier in Chapter 2 Section 2.2.2.1 to 2.2.2.3. Immunostimulators were prepared in RPMI 

medium containing PSG.  Fresh blood monocytes (1 x 10
5
 cells/mL) were stimulated for 4 h 

at 37°C in a 5% CO2 humidified atmosphere. The cell culture supernatants were collected, 

stored at -80°C, and then thawed and TNF-α levels measured by ELISA (refer to Section 

2.2.4.8). The assay was repeated to confirm the reproducibility of the result.  

 

For the ELISPOT assay (refer to Section 2.2.4.10), 96-well plates were coated with TNF-α 

capture antibody, blocked, and then cells (2 x 10
5 

cells/ml; 100 μl/well) were added followed 

by incubation for 4 h at 37°C. The plates were washed, incubated with a biotinylated anti-
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TNF-α detection antibody, HRP-conjugated streptavidin was added, and immunoreactivity 

was visualized with an AEC substrate containing chromagen. Bright field microscopy was 

used to take pictures of spots representing single cells releasing TNF-α and the spots were 

enumerated using Image J software.  

 

6.3 Results and Discussion  

 

6.3.1 Comparison of the abilities of apisimin and kanuka honey AGPs to stimulate the 

release of TNF-α from blood leukocytes: apisimin and AGPs have synergistic properties 

 

As described previously (Chapter 5, Figure 5.8), apisimin stimulated the release of TNF-α 

from blood monocytes in a concentration-dependent fashion. Its immunostimulatory activity 

was weak like that of kanuka honey AGPs (Chapter 4, Figure 4.11). Here a direct comparison 

was made between the immunostimulatory activities of synthetic apisimin and kanuka honey-

derived AGPs. TNF-α release from stimulated blood leukocytes was measured by both 

ELISA and ELISPOT assays. 

 

Apisimin and kanuka honey-derived AGPs each stimulated the release of TNF-α from blood 

monocytes in a concentration-dependent fashion (Figure 6.1). Their activities were 

remarkably similar in that kanuka honey derived AGPs induced the release of 87 to 1,395 

pg/mL of TNF-α, whereas apisimin induced the release of 58 to 1,225 pg/mL of TNF-α. The 

response was linear for both apisimin (r
2
 = 0.90) and AGP (r

2
 = 0.10) over the tested 

concentrations of 5–25 µg/ml. The former result is at variance with that of Figure 5.9, where 

the response was not linear over the same concentrations of apisimin (Figure 6.1). Of note, 

the monocytes used in these two experiments were collected from different individuals. 

However, the reason for the differences remains unknown. 
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Figure 6.1 Comparison of the abilities of apisimin and kanuka honey AGPs to stimulate the release of 

TNF-α from blood monocytes. Peripheral blood monocytes were incubated with increasing 

concentrations (5–25 µg/ml) of synthetic apisimin and purified kanuka honey AGPs. TNF-α release 

was measured by ELISA, and presented as mean ± SE of four replicates of one experiment. Circle 

dots represent purified kanuka AGPs and square dots represent apisimin. 

 

6.3.2 Can apisimin and AGPs synergistically induce the release of TNF- from 

monocytes, PBMNCs and neutrophils? 

 

The ability of apisimin to synergize with kanuka honey-derived AGPs to induce the release of 

TNF-α from blood leukocytes, including monocytes, neutrophils, and PBMNCs, was 

examined. A suboptimal concentration of apisimin (5 µg/mL) that induces low amounts of 

TNF-α was used in order to be able to detect synergy.  Apisimin and kanuka honey AGPs 

synergized to induce the release of TNF-α from monocytes (Figure 6.2A), PBMNCs (Figure 

6.2B), and neutrophils (Figure 6.2C). Almost three-fold and two-fold increases in TNF-α 

release were observed for monocytes and PBMNCs respectively. Thus, 5 µg/mL of AGP and 

5 µg/mL of apisimin individually stimulated the release of 58 and 11 pg/mL of TNF-α, 

respectively, from monocytes whereas in combination they released 230 pg/mL of TNF-α. 

AGP and apisimin individually stimulated the release of 220 and 330 pg/mL of TNF-α, 

respectively, from PBMNCs whereas in combination they released 1,020 pg/mL of TNF-α. In 
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contrast, the effect of apisimin and honey AGPs on neutrophils (Figure 6.2C) was not 

synergistic and only weakly additive.  
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Figure 6.2 The combination effect of apisimin and AGPs on stimulation of TNF-α release from blood 

monocytes and PBMNCs. Peripheral blood (A) monocytes, (B) PBMNCs, and (C) neutrophils were 

each left untreated or were stimulated with 5 µg/mL of kanuka honey AGPs and 5 µg/mL of apisimin, 

either alone or in combination, as indicated. TNF-α release was measured by ELISA and data 

presented as the mean ratio of four replicate wells of cultured cells from two experiments (left-hand 

graphs), and the mean absolute values of two replicate wells in one experiment. Data with different 

letters are significantly different (P <0.05) from one another. 

 

To further explore the ability of apisimin and honey AGPs to synergize to stimulate blood 

monocytes, increasing concentrations of apisimin (5-25 μg/mL) were added to monocytes in 

the presence of a constant concentration of kanuka honey AGP (5 μg/mL) (Figure 6.3). 

Apisimin at 5 μg/mL and the AGPs when added individually stimulated the release of 104 

pg/mL and 298 pg/mL of TNF-α, respectively. In marked contrast, when added together they 

stimulated the release of 1,189 pg/mL of TNF-α, which was more than an additive effect. 

Thus, apisimin and AGPs synergize with one another. Their synergistic activity steadily 

increased in a non-linear fashion with increasing concentrations of apisimin; inducing the 

release of 2,033 pg/ml of TNF-α at the highest concentration of apisimin. 
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Figure 6.3 The combination ffect of apisimin and AGPs on stimulation of TNF-α release from blood 

monocytes. Peripheral blood monocytes were left untreated or incubated with 5 μg/mL of apisimin, 5 

μg/mL of purified kanuka honey AGPs, and 5 μg/mL of purified kanuka honey AGPs in the presence 

of increasing concentrations (5 - 25 μg/mL) of synthetic apisimin, as indicated. Data is presented as 

the mean ratio of four replicate wells of cultured cells from two experiments (left-hand graphs), and 

the mean absolute values of two replicate wells in one experiment. Data with different letters are 

significantly different (P <0.05) from one another. 

 

 

In summary, the results demonstrate that apisimin strongly synergises with honey AGPs in 

inducing the release of TNF-α from monocytes and PBMNCs, whereas it has only a weak 

additive effect with honey AGPs on neutrophils.  

 

6.3.3 Determining whether the ability of honey AGPs to synergize with apisimin is 

specific, or whether gum AGPs also share this property 

 

The aim of this section was to investigate whether gum AGPs also synergizes with apisimin, 

or whether synergy was specific to honey AGPs. The results obtained to date were 

reproducible, in that kanuka honey, kanuka honey AGPs, synthetic apisimin, and LPS each 

induced TNF-α release from blood monocytes, whereas AH was ineffective (Figure 6.4A). 

As above, apisimin and honey AGPs individually only weakly induced TNF-α release, 
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whereas when added together they stimulated 68% of the TNF-α release obtained with 1% 

kanuka honey.  Thus, individual stimulation of AGP and apisimin at 5 µg/mL caused the 

release of 199 and 86.6 pg/mL of TNF-α, respectively, whereas in combination they released 

840 pg/mL of TNF-α. A twofold increase in release of TNF-α was observed using the 

combination. In contrast, apisimin did not synergize with gum AGPs, which had negligible 

activity comparable to that of artificial honey (Figure 6.4A). Thus, the synergistic effects of 

apisimin appear to be restricted to honey-derived AGPs.   

 

 

Figure 6.4 The combination effect of apisimin and gum AGPs on stimulation of TNF-α release from 

blood monocytes. Blood monocytes were incubated with 100 ng/mL LPS, AH, 1% (w/v) kanuka 

honey, 5 μg/mL of kanuka honey AGPs, 5 μg/mL of apisimin, 5 μg/mL of kanuka honey AGPs in 

combination with 5 μg/mL apisimin, 5 μg/mL of gum AGPs, and 5 μg/mL of gum AGPs in 

combination with 5 μg/mL apisimin. TNF-α release was measured by ELISA and data presented as 

the mean ratio of four replicate wells of cultured cells from two experiments (left-hand graphs), and 

the mean absolute values of two replicate wells in one experiment (right-hand graphs). Data with 

different letters are significantly different (P <0.05) from one another. 

 

 

6.3.4 ELISPOT assays to confirm that apisimin synergizes with kanuka honey AGPs to 

stimulate TNF-α release from blood monocytes and PBMNCs 

 

ELISPOT assays, as described (Section 2.2.4.10), were employed to confirm the above 

results obtained in Figure 6.2. The results of the ELISPOT assay of monocyte stimulation by 
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apisimin and kanuka honey AGPs differed somewhat from the results obtained by ELISA. 

ELISA analysis had indicated that kanuka honey AGPs induced the release of either the same 

or greater amounts of TNF-α as apisimin, whereas the opposite was seen in the ELISPOT 

assays. Synthetic apisimin induced a 7-fold higher number of cells to release TNF-α 

compared with kanuka honey AGPs. Once again, apisimin synergized with kanuka honey 

AGPs to induce almost a two-fold increase in the number of monocytes that released TNF-α 

(Figure 6.5A and B), thereby confirming the ELISA results. Thus to summarize, for TNF- 

release measured by ELISA AGPs + apisimin > AGPs > apisimin, whereas for cell numbers 

expressing TNF- measured by ELISPOT: AGPs + apisimin > apisimin > AGPs. 

 

The results of the ELISPOT assay of PBMNC stimulation by apisimin and kanuka honey 

AGPs was similar to that obtained by ELISA. Apisimin induced greater number of PBMNCs 

to release TNF-α than the honey AGPs (Figure 6.6A and B). Only weak synergy was 

displayed by apisimin and the honey AGPs, such that there was only a small increase above 

an additive effect. Thus to summarize, for TNF- release measured by ELISA AGPs + 

apisimin > apisimin > AGPs, whereas for cell numbers expressing TNF- measured by 

ELISPOT: AGPs + apisimin > apisimin > AGPs. 

 

The results of the ELISPOT assay of neutrophil stimulation by apisimin and kanuka honey 

AGPs differed somewhat from the results obtained by ELISA. By visual inspection of the 

wells, it seemed that kanuka honey AGPs stimulated few neutrophils to release TNF-α, 

whereas apisimin stimulated high numbers of neutrophils to release TNF-α (Figure 6.7A). 

Image J analysis of the wells confirmed the visual impression (Figure 6.7B). In contrast to the 

ELISA results, apisimin and honey AGPs synergized to stimulate the release of TNF-α from 

neutrophils. 
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Figure 6.5 Measurement by ELISPOT assay of the number of blood monocytes that release TNF-α 

following stimulation by apisimin and kanuka honey AGPs. Blood monocytes were either left 

untreated or were stimulated with 5 μg/mL of apisimin, 5 μg/mL of kanuka honey AGPs, and the 

combination of kanuka honey AGPs (5 μg/mL) and apisimin (5 μg/mL). (A) Photographs of TNF-α 

release by single cells subjected to an ELISPOT assay. (B) Mean number of spots per well (n = 2) of 

the ELISPOT plates was determined using Image J software.  
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Figure 6.6 Measurement by ELISPOT assay of the number of PBMNCs that release TNF-α following 

stimulation by apisimin and kanuka honey AGPs. Blood PBMNCs were either left untreated or were 

stimulated with 5 μg/mL of apisimin, 5 μg/mL of kanuka honey AGPs, and the combination of 

kanuka honey AGPs (5 μg/mL) and apisimin (5 μg/mL). (A) Photographs of TNF-α release by single 

cells subjected to an ELISPOT assay. (B) Mean number of spots per well (n = 2) of the ELISPOT 

plates was determined using Image J software.  
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Figure 6.7 Measurement by ELISPOT assay the number of blood neutrophils that release TNF-α 

following stimulation by apisimin and kanuka honey AGPs. Blood neutrophils were either left 

untreated or were stimulated with 5 μg/mL of apisimin, 5 μg/mL of kanuka honey AGPs, and  the 

combination of kanuka honey AGPs (5 μg/mL) and apisimin (5 μg/mL). (A) Photographs of TNF-α 

release by single cells subjected to an ELISPOT assay. (B) Mean number of spots per well (n = 2) of 

the ELISPOT plates was determined using Image J software. 
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6.3.5 Does PmB inhibit the synergistic stimulation of blood monocytes by apisimin and 

kanuka honey AGPs? 

 

As described in Chapter 4, and reported previously (Gannabathula et al., 2012), the 

immunostimulatory component of purified kanuka honey AGPs is inhibited by PmB. In 

contrast, apisimin is insensitive to PmB (refer to Chapter 5, Section 5.1.7.2).  Here the aim 

was to determine whether PmB would inhibit the synergistic stimulation of blood monocytes 

by apisimin and kanuka honey AGPs. As shown in Figure 6.8, the ability of kanuka honey 

AGPs to stimulate TNF-α release from monocytes was significantly reduced by 95% by 

treatment with PmB, compared to the untreated AGPs. In contrast, as before the ability of 

apisimin to stimulate TNF-α release was not significantly affected by treatment with PmB. 

Apisimin and kanuka honey AGPs synergized to increase TNF-α release by atleast two-fold. 

These results are in accord with those obtained previously. The synergistic stimulation of 

TNF-α release by the combination of apisimin and honey AGPs was almost completely 

abrogated by PmB (Figure 6.8).  

 

 
Figure 6.8 Measurement of the effect of PmB on TNF-α release from blood monocytes following 

their stimulation by apisimin in combination with kanuka honey AGPs. Peripheral blood monocytes 

were either left untreated or incubated with 10 μg/mL of PmB, 5 μg/mL of kanuka honey AGPs, 5 

μg/mL of kanuka honey AGPs in the presence of 10 μg/mL PmB, 5 μg/mL apisimin, 5 μg/mL of 

apisimin in the presence of 10 μg/mL PmB, 5 μg/mL kanuka honey AGPs in combination with 5 

μg/mL of apisimin,  and the combination of 5 μg/mL kanuka honey AGPs and 5 μg/mL of apisimin in 

the presence of 10 μg/mL PmB. TNF-α release into cell culture supernatants was measured by ELISA 

and data presented as the mean ratio of four replicate wells of cultured cells from two experiments 
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(left-hand graphs), and the mean absolute values of two replicate wells in one experiment (right-hand 

graphs). Data with different letters are significantly different (P <0.05) from one another. Data with 

different letters are significantly different (P <0.05) from one another. 

 

Conclusion 

 

The results described in this chapter are novel as they demonstrate for the first time that 

apisimin synergizes with kanuka honey AGPs to stimulate TNF-α production from blood 

leukocytes. Both ELISA and ELISPOT data suggested that apisimin alone or in combination 

with kanuka honey AGPs stimulated the release of greater amounts of TNF-α from 

monocytes and PBMNCs than from neutrophils. As assessed by ELISA, AGPs stimulated the 

release of greater amounts of TNF- from monocytes compared with apsimin, whereas the 

opposite was found with respect to PBMCs. As assessed by ELISPOT assays, apisimin was 

more immunostimulatory than AGPs in that it induced greater numbers of monocytes and 

PBMCs to express TNF-. Gum AGPs are not immunostimulatory, and in accord, Gum 

Arabic AGPs did not synergize with apisimin to stimulate monocytes. PmB inhibited the 

release of TNF-α induced by AGPs alone or in combination with apisimin, whereas it has no 

effect on apisimin alone, indicating it specifically inhibits AGPs. 
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CHAPTER SEVEN 

PROFILE OF CYTOKINES AND GROWTH FACTORS RELEASED 

FROM MONOCYTES FOLLOWING STIMULATION WITH NEW 

ZEALAND HONEYS AND ROYAL JELLY 

 

This chapter aims to profile the types of cytokines and growth factors that are released by 

blood monocytes following their stimulation by New Zealand honeys and Royal Jelly. The 

cytokines released into culture supernatants were measured by the FlowCytomix™ Multiplex 

bead-based system (Huntingtree Bioscience supplies, Browns Bay, Auckland).  

 

7.1 Introduction 

 

Cytokines are generally small 8-40 kDa proteins that are responsible for co-ordinating 

communication between immune cells. All immune cells are capable of producing cytokines 

and respond to them via cell-surface cytokine receptors. The process of wound repair is 

initiated immediately after injury by the release of various growth factors and cytokines 

which directly or indirectly control the phases of wound healing (Werner and Grose, 2003). It 

is the balance of cytokines and growth factors that regulates inflammation and stimulates new 

tissue formation and tissue remodelling. In this study, we investigated the growth factors 

PDGF, FGF, EGF, VEGF, HGF, TGF-β, and the cytokines TNF-α, IL-1, IL-8, IFN-γ, IL-17, 

IL-10 and IL-6, whose roles in wound healing were briefly described in Chapter 1, Sections 

1.7.4.1 to 1.7.4.4. 

 

7.2 Determination of the profile of cytokines and growth factors released by monocytes 

in response to stimulation by New Zealand honeys and Royal Jelly  

 

Here the aim was to profile the cytokines and growth factors released by blood monocytes in 

response to New Zealand honeys and Royal Jelly. The release of cytokines and growth 

factors was measured by a multiplex bead based immunoassay.  
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7.2.1 Methods 

 

Fresh blood monocytes were isolated and cultured as described in Chapter 2 Section 2.2.2.1. 

The cells (1 x 10
5
 cells/mL) were treated in 250 μL solutions containing the following 

stimulants, namely LPS (100 ng/mL), 1% (w/v) of artificial honey, and 1% each of kanuka, 

manuka, and clover honey samples, and 1% Royal Jelly, which had each been diluted in 

RPMI medium supplemented with PSG. The cells were then incubated for 4 h at 37°C in a 

5% CO2 humidified atmosphere. The cell culture supernatants were collected, stored at -

80°C, then thawed and cytokines and growth factors were measured by the FlowCytomix™ 

Multiplex bead-based system from eBioscience, San Diego, CA (Section 2.2.4.9). Data were 

analysed using Flowcytomix Pro Software 3.0 (eBioscience). 

 

7.2.2 Results and Discussion 

 

The levels of cytokines and growth factors released from monocytes by NZ honeys, and 

Royal Jelly are shown in Figures 7.1 and 7.2. 

 

7.2.2.1 Cytokines  

 

TNF-α: The New Zealand kanuka, manuka and clover honeys and LPS each induced the 

release of TNF-α from monocytes (Figure 7.1A) as shown previously by ELISA and 

ELISPOT assays (Chapter 3). As shown previously, Royal Jelly failed to stimulate TNF-α 

release. The LPS and AH controls behaved as expected. 

 

IL-1β: The New Zealand kanuka and clover honeys and LPS induced IL-1β release from 

monocytes (Figure 7.1B). LPS was more immunostimulatory than the honeys. In contrast, 

manuka honey and Royal Jelly were poor immunostimulators of IL-1β production. 

 

IL-8: LPS and Royal Jelly induced the release of IL-8 from monocytes (Figure 7.1C). 

Unexpectedly, the three New Zealand honeys did not stimulate IL-8 release, whereas Royal 

Jelly stimulated IL-8 release when it had not previously been shown to be 

immunostimulatory.  
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IL-17A, IFN-, IL-10: Very similar results were obtained for IL-17A, IFN-, IL-10. As 

shown in Figures 7.1D, E, and F, only LPS induced the release of IL-17A, IFN- and IL-10 

from monocytes, whereas the New Zealand honeys and Royal Jelly were inactive.  

 

IL-6: The New Zealand honeys, LPS and Royal Jelly induced IL-6 release from monocytes 

(Figure 7.1G). Royal Jelly was the least immunostimulatory. 
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Figure 7.1 Profiling of cytokines released from monocytes in response to stimulation with New 

Zealand honeys and their bioactives. Blood monocytes (1 x 10
5
 cells/mL) were left untreated or 

were stimulated with 1% (w/v) concentrations of kanuka, manuka and clover honeys, and Royal Jelly, 

100 ng/mL of LPS, and artificial honey (AH), and incubated for 4 h at 37°C in a 5% CO2 

humidified atmosphere. The FlowCytomix™ Multiplex bead-based system was used to measure the 

release of A) TNF-α, B) IL-1β, C) IL-8, D) IL-17A, E) IFN-γ, F) IL-10 and G) IL-6 into the culture 

medium. Data represent the mean of two replicates.  

 



  Chapter Seven   

158 

 

 

Figure 7.2 Profiling of growth factors released from monocytes in response to stimulation with New 

Zealand honeys and their bioactives. Blood monocytes (1 x 10
5
 cells/mL) were left untreated or 

were stimulated with 1% (w/v) concentrations of kanuka, manuka and clover honeys, and Royal Jelly, 

100 ng/mL of LPS, and artificial honey (AH), and incubated for 4 h at 37°C in a 5% CO2 

humidified atmosphere. The FlowCytomix™ Multiplex bead-based system was used to measure the 

release of A) PDGF-AA, B) PDGF-BB, C) HGF, D) VEGF-A, E) FGF-2, F) EGF and G) TGF-β1 

into the culture medium.  Data represent the mean of two replicates. 
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7.2.2.2 Growth factors 

 

LPS induced the release of A) PDGF-AA, B) PDGF-BB, C) HGF, D) VEGF-A, E) FGF-2, F) 

EGF and G) TGF-β1 from monocytes (Figure 7.2), whereas the New Zealand honeys and 

Royal Jelly were inactive.  

 

Table 7.1 Summary of factors released from monocytes in response to stimulation with New 

Zealand honeys and LPS 

Immunostimulators Cytokines Growth factors released 

Kanuka  TNF-α, IL-1β, &IL-6  

Manuka  TNF-α, IL-1β, &IL-6  

Clover  TNF-α, IL-1β, &IL-6  

LPS TNF-α, IL-1β, IL-8, IL-

17A, IFN-γ, IL-10 & IL-6 

PDGF-AA, PDGF-BB, 

HGF, VEGF-A, FGF-2, 

EGF & TGF-β1 

 

 

Conclusion 

 

The three New Zealand honeys (kanuka, manuka and clover) were able to stimulate the 

release of TNF-α, IL-1β, and IL-6 from monocytes, as previously reported (Tonks et al., 

2001; Tonks et al., 2003). In contrast, the honeys failed to induce the release of IL-17A, IFN-

γ, IL-10, and the growth factors PDGF-AA, PDGF-BB, HGF, VEGF-A, FGF-2, EGF and 

TGF-β1. LPS was able to stimulate the release of all the latter factors, as reported previously 

(Rossol et al., 2011; Seow et al., 2013; Itaya et al., 2001; Nagaoka et al., 1991). This result 

highlights a difference between honey and LPS, indicating that LPS is either not a major 

immunostimulatory component of honey or its immunostimulatory activity is inhibited by 

other honey components. Whilst 1% honey and 100 ng/ml LPS induced the release of similar 

amounts of TNF- from cells it would nevertheless have been preferable to compare a range 

of different concentrations of LPS and honey with each other for their ability to stimulate 

cells, but the costs were prohibitive. Similarly, it would have been preferable to test 

stimulation over a range of different cell incubation periods, rather than relying on 4 h 

incubation as different cytokines may require different times for synthesis.  
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It has been argued that cytokine production induced by honey is solely due to its endotoxin 

content (Timm et al., 2008). Information from this chapter has revealed that the profiles of 

cytokines released following stimulation of monocytes with LPS and New Zealand honeys is 

different, suggesting that cytokine production by honey is not solely due to its endotoxin 

content. That the three different New Zealand honeys stimulated the release of similar 

profiles of cytokines, suggests they share similar immunostimulatory bioactives.  
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CHAPTER EIGHT 

COMPARISON OF GEL CLOT AND CHROMOGENIC LAL ASSAYS 

TO MEASURE ENDOTOXINS IN MEDICAL HONEYS 

 

A variety of different honeys are currently used worldwide to treat many different types of 

wounds. In Europe and Australia, medical honeys sold under the brand name Medihoney 

were the first medically-certified honeys that were licensed as medical products for wound 

care (Simon et al., 2009). The work described in this chapter investigates the ability of a 

variety of commercial manuka-based medical honeys to stimulate TNF-α release from blood 

monocytes. Contamination of medical honeys by LPS is an important issue for the medical 

honey industry, as LPS contamination is an indicator of bacterial contamination. Here the 

classical gel clot-based limulus amoebocyte lysate (LAL) assay and the new chromogenic 

LAL assay were compared for their ability to measure LPS contamination of Medihoney. β-

D-glucans are reported to interfere with the latter assays (Roslansky and Novitsky, 1991), 

hence an investigation was conducted to determine whether AGPs in honey might also 

interfere with the assays as they constitute a heterogeneous mixture of glycoconjugates 

(Geshi, 2014) .  

 

8.1 Introduction 

 

Comvita New Zealand produces a variety of different medical honeys and Medihoney 

dressings for different applications (http://www.dermasciences.com/products). Medical grade 

honey produced by Comvita is made from pure mānuka honey. Medihoney dressings have 

strong antimicrobial activity, assist in debridement, help manage moisture balance, and can 

be used in all phases of wound healing. The results of a large randomized, controlled, 

multicentre trial which evaluated manuka honey-based dressings (Woundcare 18+; Comvita, 

Te Puke, New Zealand) were reported in 2009 (Gethin and Cowman, 2009). The results 

showed that the dressings, when compared to a standard hydrogel, increased the incidence of 

healing, and effective desloughing and lowered the incidence of infection. 
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Medical grade honeys must have no chemical residues or microbial contaminants, such as 

endotoxins according to industry standard. Endotoxins are complex lipopolysaccharides 

derived from the cell membranes of Gram-negative bacteria. They consist of a hydrophobic 

domain called lipid A, a non-repeating “core” oligosaccharide and an O-antigen (Raetz and 

Whitfield, 2002). They are released into the environment following lysis of bacterial cells 

during active cell growth (Alwis and Milton, 2006). Endotoxins are a well–known problem in 

the medical device field because of their ability to induce the expression of pro-inflammatory 

cytokines, fever, hypotension, intravascular coagulation and NO that leads to sepsis and 

septic shock syndromes, which are systemic complications of many diseases (Cohen, 2002).   

 

Measurement of endotoxins is generally performed by the LAL based assay, devised by Bang 

(Bang, 1956). Kinetic turbidimetric and kinetic chromogenic methods were developed 

(Milton et al., 1992), and are widely used to measure endotoxins in environmental samples. It 

was subsequently reported that (1-3)-β-D-glucans interfere with the assay, giving false 

positive results (Alwis and Milton, 2006; Cooper et al., 1997).  

 

Honey contains β-glucans (Low et al., 1988), which may lead to false-positive results in the 

measurement of LPS levels. It is important to be able to accurately measure endotoxin levels 

in medical honeys. The aim of this chapter was to determine the ability of medical honeys to 

stimulate TNF-α release from blood monocytes, and compare the gel clot and chromogenic 

LAL assays for their ability to measure LPS levels in medical honeys, and to determine 

whether AGPs in honey interfere with the latter assays as β-glucans were also found to 

produce proinflammatory cytokines (Vannucci et al., 2013). 

 

8.2 Methods 

 

Fresh blood monocytes were isolated and cultured as described earlier in Chapter 2, Section 

2.2.2.1. Medical honeys described in Chapter 2, Table 2.5, were diluted in RPMI medium 

supplemented with PSG to a final concentration of 1% (w/v). Monocytes (1 x 10
5
 cells/mL) 

were treated with the honey solutions for 4 h at 37°C in a 5% CO2 humidified atmosphere. 

The cell culture supernatants were collected, stored at -80°C, then thawed and  TNF-α levels 

measured by ELISA (Section 2.2.4.8). The assay was repeated to confirm the reproducibility 

of the results. 
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The classical gel clot-based LAL assay was performed by Environmental Science & Research 

(ESR), Porirua, Wellington, New Zealand. The kinetic chromogenic LAL assay was 

performed at Comvita Innovation’s laboratory, University of Auckland, as described in 

Chapter 2, Sections 2.2.5.1 and 2.2.5.2. The LAL gel clot method is used in a semi-

quantitative manner by successively diluting a sample until no clotting occurs. In contrast, the 

chromogenic assay allows more precise quantification of endotoxins than the gel clot method. 

Further, it can detect interferences with the assay that might go unnoticed in the gel clot-

based assay. 

 

8.3 Results and Discussion 

 

8.3.1 Investigation of the ability of manuka-based medical honeys and wound gel honeys 

to stimulate TNF-α release from blood monocytes 

 

Manuka-based medical honeys induced TNF-α release from blood monocytes, whereas 

wound gel honeys were found to be non-stimulatory (Figure 8.1). Medical honeys (MHs) 

MH1, MH6 and MH7 were the most effective, releasing significantly higher levels of TNF-α 

than the other honeys. MH2 and MH3 induced the release of relatively moderate levels of 

TNF-α, whereas MH4 and MH5 were poor immunostimulators. The wound gel honeys 

WGH1, WGH2, WGH3 and WGH4 completely failed to stimulate TNF-α release (Figure 

8.1). Thus, different medical honeys vary considerably in their ability to stimulate TNF-α 

release from monocytes. 

 

While optimizing the protocol for the chromogenic LAL assay it was noticed that the positive 

control channels in the Endosafe PTS chips did not recover the endotoxin spike in sufficient 

quantity to make the measurement valid. pH values under 6.5 were shown to negatively 

interfere with the LAL reaction and should be avoided. Honey possesses a natural acidity and 

even honey diluted at 1:10,000 still has a pH value of 5.8. Use of 20 mM Tris buffer at pH 

7.4 to dissolve the honey samples counteracted the natural acidity of honey. Spike recovery 

of the positive control was greatly improved and no longer deviated from the tolerance range 

for this assay. Thus, honey acidity should always be taken into consideration when using the 

LAL assay.  
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Figure 8.1 Measurement by ELISA of TNF-α release from blood monocytes following stimulation by New 

Zealand medical honeys. Blood monocytes were left untreated or were stimulated with 1% (w/v) concentrations 

of eleven different medical honeys. TNF-α release was measured by ELISA. Data presented as the mean ratio 

of four replicate wells of cultured cells from two experiments (left-hand graphs), and the mean 

absolute values of two replicate wells in one experiment. Data with different letters are significantly 

different (P <0.05) from one another. 

 

 

8.3.2 Measurement of the LPS content of medical honeys  

 

8.3.2.1 Gel clot assay 

 

The gel clot assay results revealed that MH7 contains 15,000 EU/gram of endotoxins, which 

is considerably more than the other medical honeys (Table 8.1). MH1, MH3, and MH6 

contains relatively moderate amounts of endotoxins, MH2 and MH5 contains relatively low 

levels of endotoxins, whereas the wound gel medical honeys WGH1-4 contain very low 

levels (4-16 EU/gram) of endotoxins.  
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Table 8.1 Results of gel clot LAL assay 

Medical honeys Endotoxin content (EU/gram) 

MH1 5,000 

MH2 750 

MH3 5,461 

MH4 1,365 

MH5 683 

MH6 5,000 

MH7 15,000 

WGH1 4 

WGH2 8 

WGH3 16 

WGH4 8 

Endotoxin levels were measured once using duplicate samples and the data of mean values 

showed above. 

 

The endotoxin content of the honeys (y-axis using a logarithmic scale) was plotted against the 

levels of TNF- released by the honeys (x-axis) to determine whether there was any 

correlation between the two variables (Figure 8.2). Whilst there was not an exact association 

(Figure 8.2), it was clear that the levels of endotoxins measured by the gel clot assay roughly 

correlated with the amounts of TNF-α release. Thus, MH1, 3, 6, and 7 which each contained 

relatively high levels of endotoxin, stimulated relatively high levels of TNF-α release. In 

contrast, wound gel honeys WGH1, 2, 3, and 4, which contained very low levels of endotoxin 

failed to stimulate TNF-α release. Only MH2 gave an anomalous result, causing greater TNF-

α release than what might have been predicted from its low content of endotoxins. At face 

value the results would suggest that endotoxins are responsible for TNF-α release induced by 

medical honeys. 
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Figure 8.2 Comparision of endotoxin content versus immunostimulatory activity of New Zealand 

medical honeys. Medical honeys described on the graph. 

 

 

8.3.2.2 Kinetic chromogenic assay 

 

Of the 11 manuka-based medical honeys described above, only five that covered a range of 

endotoxin levels were selected for reanalysis of endotoxin levels using the kinetic 

chromogenic assay. They included the medical honeys MH2, MH4, MH5, MH7 and the 

wound gel honey WGH2. The wound gel honey was chosen as an example of a honey with 

very low endotoxin content and immunostimulatory activity. 

 

The endotoxin levels obtained using the chromogenic method, which utilizes the Endosafe 

PTS system, were overall much lower (up to 45-fold less) than the endotoxin levels obtained 

using the gel clot assay. This is likely due to the semi-quantitative nature of the gel clot 

method which can severely overestimate the endotoxin concentration in a sample (Alwis and 

Milton, 2006). With the exception of MH7 with 2440 EU/mL, the endotoxin concentrations 

in the Medical honeys were relatively very low (50 to 110 EU/mL) for a natural product. The 

wound gel Medihoney WGH2 had a surprisingly low endotoxin concentration of just 1.5 

EU/mL, which reduced to 0.8 EU/mL when potential interference by glucan-like molecules 

was blocked. This honey is reported to contain 20% natural gelling agents such as alginates 
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(http://www.dermasciences.com/pdf/Medihoney-FAQ-2013.pdf) which may bind endotoxins 

and make them unavailable for detection; albeit this notion has not been tested.  

 

Table 8.2 Results of the kinetic chromogenic LAL assay 

Medical honeys Endotoxin levels: without 

glucan blocking (EU/mL) 

Endotoxin levels:  with 

glucan blocking (EU/mL) 

MH2 110 100 

MH4 70 60 

MH5 49 38 

MH6 2440 1460 

WGH2 1.5 0.8 

Endotoxin levels were measured once using triplicate samples and the data of mean values 

given above. 

 

The relatively large difference in endotoxin levels reported by the gel clot versus kinetic 

chromogenic assays is cause for concern, hence further investigation is required to identify 

the causes for these differences, and ultimately to determine which method is the most 

accurate.  

 

8.3.2.3 Glucan blocking enhances the specificity of the LAL assay  

 

Bacterial and plant material can introduce glucans and glucan-like molecules into honey that 

can give false-positive results for endotoxins by activating the non-endotoxin sensitive factor 

G pathway of the LAL system (Alwis and Milton, 2006). Selected medical honeys were 

analyzed for endotoxins using the LAL assay which included a glucan-blocking buffer 

containing carboxymethylated curdlan (a linear beta-1,3-glucan high-molecular-weight 

polymer of glucose) (Table 8.2).  The carboxymethylated curdlan-containing buffer was 

mixed with the honey at 20% (v/v) according to manufacturer’s protocol The results suggest 

that ~10 to 40% of the measured endotoxin signal in the unblocked assays was due to glucan-

like molecules (Table 8.2), and could be eliminated by using a glucan blocking buffer.  
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8.3.2.4 Arabinogalactan proteins do not interfere with the LAL assay  

 

AGPs are important immunostimulatory honey components that might mimic glucans that 

interfere in the LAL assay, given their extensive decoration with carbohydrate moieties. 

Therefore, the aim here was to test whether kanuka honey AGPs would produce a glucan-like 

signal in the LAL assay. Comvita Innovation supplied AGPs purified from a New Zealand 

manuka/kanuka blend of honey. The purified AGPs were a separate preparation from that 

used in the other chapters. It was tested for its ability to produce a glucan-like signal in the 

Endosafe system. It yielded an endotoxin concentration of 370 EU/mL unblocked and 380 

EU/mL with blocking of glucans. Thus, AGP does not behave like glucans and interfere with 

the LAL assay.  Nevertheless, the purified AGPs produced a signal in the assay, which could 

either be due to contaminating LPS, or an inherent property of the AGPs.  

 

Conclusion 

 

The data suggests that the levels of endotoxins in honeys measured by the gel clot assay 

approximate the ability of different honeys to stimulate TNF-α release. The endotoxin levels 

in the Medihoneys obtained using the chromogenic method, which utilizes the Endosafe PTS 

system, were overall much lower than the endotoxin levels obtained using the gel clot assay. 

Further investigation is required to identify the cause of this difference, and ultimately to 

determine which method is the most accurate. The study also confirmed that AGPs do not 

behave like glucans and interfere with the LAL assay. If AGPs do not interfere with the LAL 

assay and endotoxins in honey are not responsible then may be another carbohydrate 

component must be responsible for the over-estimation of endotoxin content obtained with 

the gel clot-based LAL assay.  
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CHAPTER NINE 

THE ROLE OF TOLL-LIKE RECEPTORS IN 

IMMUNOSTIMULATION BY HONEY AND ITS BIOACTIVES 

 

Data described so far in this thesis has shown that several varieties of honey can stimulate 

human monocytes to express TNF-α, a cytokine that is important in the resolution of 

infection and in tissue repair. The mechanisms by which honey stimulates cells to release 

TNF-α are not well understood. Tonks et al. is the only group so far to have proposed a 

potential mechanism (Tonks et al., 2007). They revealed that manuka honey and its 

immunostimulatory 5.8 kDa components stimulate TNF-α release from monocytes via an 

interaction with TLR4, a receptor that detects LPS and stimulates innate immunity. The TLR 

family comprises 13 different pattern recognition receptors (PRRs) including TLR-13 that 

play key roles in the innate immune system. The work described in this chapter seeks to 

determine the mechanism by which different New Zealand honeys, honey AGPs and apisimin 

stimulate TNF-α release from monocytes. Specifically, the involvement of TLR1 and 2, 

which recognize peptidoglycan and (triacyl) lipoproteins, and TLR4 which recognizes LPS, 

is examined using commercial inhibitors of these receptors. 

 

9.1 Introduction  

 

TLRs are PRRs that play a pivotal role in the recognition of microbial components, and 

subsequent activation of the inflammatory response (Seki et al., 2010). The TLR family 

consists of 13 members designated TLR1-13. TLRs share common structures, with conserved 

cytoplasmic domains except for TLR3 (Takeda and Akira, 2004). All TLRs signal via a 

MyD88-dependent pathway (Akira et al., 2001). Among the TLRs, TLR1 and 2 recognize 

peptidoglycan and (triacyl) lipoproteins. The various TLRs form homodimers, or 

heterodimers with one another including TLR1/2, TLR2/6 (Guan et al., 2010; Oosting et al., 

2011). TLR4 recognizes LPS and triggers the activation of a NF-κB-mediated intracellular 

signalling pathway, which results in the upregulation of adhesion molecules and 

inflammatory mediators including cytokines and chemokines (Seki et al., 2010). Manuka 

honey and its 5.8 kDa immunostimulatory component are reported to stimulate TNF-α release
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 from monocytes via TLR4 (Tonks et al., 2007). In the present study four TLR signalling 

inhibitors including CPUCT-22, IAXO-105, CLI-095 and LPS from Rhodobacter 

sphaeroides (LPS-RS) were tested for their ability to inhibit TNF-α release from monocytes 

induced by NZ honeys and their bioactive components. 

 

CU-CPT22 is a small molecule (3,4,6-trihydroxy-2-methoxy-5-oxo-5H-benzocycloheptene-

8-carboxylic acid hexyl ester) that can compete with synthetic triacylated lipoproteins in 

binding the TLR1/TLR2 complex, and inhibits TLR1/TLR2-mediated signalling (Cheng et 

al., 2012). It exhibits no activity against TRL2/TLR6, TLR3, TLR4 and TLR7. 

 

IAXO compounds are glycolipids and benzylammonium lipids designed to act as lipid A 

analogues that potently inhibit CD14 and TLR4 ligand binding (Bernardi et al., 2013). The 

IAXO compounds, which include IAXO-101, IAXO-102 and IAXO-103, are considered to 

be lead compounds in the development of new anti-endotoxin agents. They show immune-

modulating activities in vitro, and protect against TLR4-mediated tissue damage and 

inflammation in vivo (Piazza et al., 2009; Peri et al., 2007; Peri and Piazza, 2012).  

 

CLI-095, which is also known as TAK-242, is a novel cyclohexene derivative (ethyl (6R)-6-

[N-(2-chloro-4-fluorophenyl) sulfamoyl] cyclohex-1-ene-1-carboxylate [(R)-(+)-5n) that was 

discovered as a TLR4 inhibitor (Yamada et al., 2005). It inhibited LPS-induced production of 

IL-6 and TNF-α from macrophages. It inhibited mRNA expression of IL-6, TNF-α and IFN-γ 

in RAW264.7 cells through suppression of intracellular signaling (Li et al., 2006). It 

suppressed both ligand-dependent and independent signalling via the intracellular domain of 

TLR4 (Kawamoto et al., 2008).  

 

LPS-RS (diphosphoryl lipid A) is a potent nontoxic LPS antagonist isolated from the 

photosynthetic bacterium Rhodobacter sphaeroides (Coats et al., 2005; Kutuzova et al., 

2001). It blocks the binding and internalization of LPS (Kutukova et al. 2001). It inhibited the 

action of LPS on neutrophils by blocking LPS receptor recognition and depleting the cofactor 

LPS binding protein (LBP) (Aida et al., 1995). Furthermore, it was reported that LPS-RS 

inhibited the expression of IL-6 and MMP-9, and reduced the content of monocytes and 

macrophages in atherosclerotic plaques of diabetic apolipoprotein E-deficient mice (Lu et al., 

2013). 
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9.2 Methods 

 

Fresh blood monocytes were isolated, cultured, and stimulated as described in Chapter 2, 

Sections 2.2.2.1 and 2.2.3.3. Kanuka, manuka and clover honeys (1% w/v), were diluted in 

RPMI medium supplemented with PSG. LPS (100 ng/mL), apisimin (25 μg/mL), and honey 

AGPs (25 μg/mL) with and without apisimin (25 μg/mL), were prepared in the same 

medium. The latter concentration of 25 μg/mL of apisimin and honey AGPs was used in this 

chapter as this concentration was previously found to stimulate high levels of TNF-α release 

from monocytes (refer to Chapter 6, Figure 6.1). The samples were prepared with and 

without CU-CPT22 (5 and 10 μM), IAXO-101 (5 and 10 μM), CLI-095 (1 and 5 μM), or 

LPS-RS (1 and 5 μM). Monocytes (1 x 10
5
 cells/mL) were treated with the samples and TLR 

inhibitors for 4 h at 37°C in a 5% (v/v) CO2 humidified atmosphere. The above 

concentrations of TLR inhibitors were selected according to the manufacturers’ protocols. 

The cell culture supernatants were collected, stored at -80°C, then thawed and TNF-α levels 

measured by ELISA (Section 2.2.4.8). The assay was performed thrice to confirm the 

reproducibility of the results. The data shown below is from a representative experiment. 

 

9.3 Results and Discussion 

 

9.3.1 Effect of TLR inhibitors on release of TNF-α from monocytes induced by New 

Zealand honeys 

 

CU-CPT22 at concentrations of 10 μM (Figure 9.1A) and 5 μM (Figure 9.1B) significantly (P 

< 0.05) inhibited the abilities of LPS and kanuka, manuka, and clover honeys to induce the 

release of TNF-α from monocytes. At 10 μM, CU-CPT22 significantly (P < 0.05) inhibited 

release of TNF-α induced by LPS and clover honey by 60 and 90%, respectively. TNF-α 

release induced by kanuka and manuka honeys was completely abolished. At 5 μM, CU-

CPT22 had no effect on LPS-induced release of TNF-α, whereas TNF-α release induced by 

kanuka, manuka and clover honeys was significantly (P < 0.05) reduced by 95, 90, and 50%, 

respectively. 
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Figure 9.1 The effect of CU-CPT22 inhibitor on TNF-α release induced by LPS and New Zealand 

honeys. Fresh blood monocytes were left unstimulated (cells) or were stimulated for 4 h with LPS 

(100 ng/mL) and New Zealand honeys (1% w/v) with and without CU-CPT22 at A) 10 μM and B) 5 

μM. Closed bars represent the honey samples alone, and open bars represent honey samples with CU-

CPT22 added. TNF-α release was measured by ELISA and data presented as the mean ratio of four 

replicate wells of cultured cells from two experiments (left-hand graphs), and the mean absolute 

values of two replicate wells in one experiment. Significant differences between the samples (p < 

0.05) are denoted. 
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IAXO-101 at 10 μM inhibited the ability of LPS to induce the release of TNF-α from 

monocytes by 40% and kanuka, and clover honeys by 40, and 60%, respectively. Whereas in 

contrast it has no effect on the ability of manuka to induce the release of TNF-α from 

monocytes (Figure 9.2A). At 5 μM (Figure 9.2B) significantly (P < 0.05) it has no effect on 

the the ability of LPS and manuka to induce the release of TNF-α from monocytes 

respectively. Whereas, it significantly (P < 0.05) inhibited release of TNF-α by kanuka, and 

clover honeys by 10%, respectively.  
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Figure 9.2 The effect of IAXO-101 inhibitor on TNF-α release induced by LPS and New Zealand 

honeys. Fresh blood monocytes were left unstimulated (cells) or were stimulated for 4 h with LPS 

(100 ng/mL) and New Zealand honeys (1% w/v) with and without IAXO-101 at A) 10 μM and B) 5 

μM. Closed bars represent the honey samples alone, and open bars represent honey samples with 

IAXO-101 added. TNF-α release was measured by ELISA and and data presented as the mean ratio of 

four replicate wells of cultured cells from two experiments (left-hand graphs), and the mean absolute 

values of two replicate wells in one experiment. Significant differences between the samples (p < 

0.05) are denoted. 

 

CLI-095 at 5 μM (Figure 9.3A) and 1 μM (Figure 9.3B), and LPS-RS at 5 μg/mL (Figure 

9.4A) and 1 μg/mL (Figure 9.4B) completely abolished the abilities of LPS and all three New 

Zealand honeys to induce the release of TNF-α from monocytes.  
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Figure 9.3 The effect of CLI-095 inhibitor on TNF-α release induced by LPS and New Zealand 

honeys. Fresh monocytes were left unstimulated (cells) or were stimulated for 4 h with LPS (100 

ng/mL) and New Zealand honeys (1% w/v) with and without CLI-095 at A) 5 μM and B) 1 μM. 

Closed bars represent the honey samples alone, and open bars represent honey samples with CLI-095 

added. TNF-α release was measured by ELISA and and data presented as the mean ratio of four 

replicate wells of cultured cells from two experiments (left-hand graphs), and the mean absolute 

values of two replicate wells in one experiment.. Significant differences between the samples (p < 

0.05) are denoted. 
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Figure 9.4 The effect of LPS-RS inhibitor on TNF-α release induced by LPS and New Zealand 

honeys. Fresh blood monocytes were left unstimulated (cells) or were stimulated for 4 h with 100 

ng/mL LPS and New Zealand honeys (1% w/v) with and without LPS-RS at A) 5 μg/mL and B) 1 

μg/mL. Closed bars represent the honey samples alone, and open bars represent honey samples with 

LPS-RS added. TNF-α release was measured by ELISA and and data presented as the mean ratio of 

four replicate wells of cultured cells from two experiments (left-hand graphs), and the mean absolute 

values of two replicate wells in one experiment. Significant differences between the samples (p < 

0.05) are denoted. 
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9.3.2 Effect of TLR inhibitors on release of TNF-α from monocytes induced by apisimin 

 

Here, the TLR inhibitors were tested for their ability to inhibit apisimin-induced release of 

TNF-α from blood monocytes. As shown in Figure 9.5, CU-CPT22 at 10 μM (Figure 9.5A) 

and 5 μM (Figure 9.5B) significantly (P < 0.05) inhibited the ability of apisimin to induce the 

release of TNF-α from monocytes by 50 and 40%, respectively.   

 

IAXO-101 at 10 μM (Figure 9.6A) and 5 μM (Figure 9.6B) significantly inhibited the ability 

of apisimin to induce the release of TNF-α from monocytes by 60% and 50% respectively. 
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Figure 9.5 The effect of CU-CPT22 inhibitor on TNF-α release induced by apisimin. Fresh blood 

monocytes were left unstimulated (cells) or were stimulated for 4 h with 25 μg/mL of apisimin with 

and without CU-CPT22 at A) 10 μM and B) 5 μM. Closed bars represent apisimin alone, and open 

bars represent apisimin with CU-CPT22 added. TNF-α release was measured by ELISA and and data 

presented as the mean ratio of four replicate wells of cultured cells from two experiments (left-hand 

graphs), and the mean absolute values of two replicate wells in one experiment. Significant 

differences between the samples (p < 0.05) are denoted. 
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Figure 9.6 The effect of IAXO-101 inhibitor on TNF-α release induced by apisimin. Fresh blood 

monocytes were left unstimulated (cells) or were stimulated for 4 h with 25 μg/mL of apisimin with 

and without IAXO-101 at A) 10 μM and B) 5 μM. Closed bars represent apisimin alone, and open 

bars represent apisimin with IAXO-101 added. TNF-α release was measured by ELISA and and data 

presented as the mean ratio of four replicate wells of cultured cells from two experiments (left-hand 

graphs), and the mean absolute values of two replicate wells in one experiment. Significant 

differences between the samples (p < 0.05) are denoted. 

 

CLI-095 at 5 μM (Figure 9.7A) and 1 μ (Figure 9.7B) significantly (P < 0.05) inhibited the 

ability of apisimin to induce the release of TNF-α from monocytes by 70% and 60%, 

respectively.   

 

LPS-RS at 5 μg/mL (Figure 9.8A) and 1 μg/mL (Figure 9.8B) significantly (P < 0.05) 

inhibited the ability of apisimin to induce the release of TNF-α from monocytes by 80% and 

70%, respectively.   
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Figure 9.7 The effect of CLI-095 inhibitor on TNF-α release induced by apisimin. Fresh blood 

monocytes were left unstimulated (cells) or were stimulated for 4 h with 25 μg/mL of apisimin with 

and without CLI-095 at A) 5 μM and B) 1 μM. Closed bars represent apisimin alone, and open bars 

represent apisimin with CLI-095 added. TNF-α release was measured by ELISA and and data 

presented as the mean ratio of four replicate wells of cultured cells from two experiments (left-hand 

graphs), and the mean absolute values of two replicate wells in one experiment. Significant 

differences between the samples (p < 0.05) are denoted. 
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Figure 9.8 The effect of LPS-RS inhibitor on TNF-α release induced by apisimin. Fresh blood 

monocytes were left unstimulated (cells) or were stimulated for 4 h with 25 μg/mL of apisimin with 

and without LPS-RS at A) 5 μg/mL and B) 1 μg/mL. Closed bars represent apisimin alone, and open 

bars represent apisimin with added LPS-RS. TNF-α release was measured by ELISA and and data 

presented as the mean ratio of four replicate wells of cultured cells from two experiments (left-hand 

graphs), and the mean absolute values of two replicate wells in one experiment. Significant 

differences between the samples (p < 0.05) are denoted. 

 

 

9.3.3 Effect of TLR inhibitors on release of TNF-α from monocytes induced by apisimin 

in combination with kanuka honey-derived AGPs 

 

The previous work described in Chapter 6 had revealed that kanuka honey AGPs and 

apisimin in combination synergized to stimulate the release of TNF- from monocytes (refer 

to Chapter 6, Figure 6.2). Here, the TLR inhibitors were tested for their ability to inhibit the 

release of TNF-α from blood monocytes induced by apisimin in combination with kanuka 
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honey-derived AGPs. The kanuka AGPs (1mg/mL), which had been stored at -20
o
C for 3 

years, at this point had largely lost their ability to stimulate monocytes, but nevertheless the 

residual activity synergized with apisimin to enhance apisimin-induced release of TNF-α 

(Figure 9.9 to 9.12). As shown in Figures 9.9, 9.10, 9.11 and 9.12 CU-CPT22, IAXO-101, 

CLI-095, and LPS-RS at their highest concentration (10μM) significantly (P < 0.05) inhibited 

the ability of the combination of apisimin and kanuka honey AGPs to induce the release of 

TNF-α from monocytes by 70, 80, 80, and 80%, respectively. At their lower concentration (5 

μM) they significantly (P < 0.05) inhibited TNF-α release by 60, 60, 70, and 80%, 

respectively.  
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Figure 9.9 The effect of CU-CPT22 inhibitor on TNF-α release induced by the combination of 

apisimin and kanuka honey AGPs. Fresh monocytes were left unstimulated (cells) or were stimulated 

for 4 h with 25 μg/mL of kanuka honey AGPs, apisimin (25 μg/mL), and kanuka honey AGPs (25 

μg/mL) in combination with 25 μg/mL of apisimin with and without CU-CPT22 at A) 10 μM and B) 

5 μM. TNF-α release was measured by ELISA and and data presented as the mean ratio of four 

replicate wells of cultured cells from two experiments (left-hand graphs), and the mean absolute 

values of two replicate wells in one experiment. Significant differences between the samples (p < 

0.05) are denoted. 
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Figure 9.10 The effect of IAXO-101 inhibitor on TNF-α release induced by the combination of 

kanuka honey AGPs and apisimin. Fresh monocytes were left unstimulated (cells) or were stimulated 

for 4 h with 25 μg/mL of kanuka honey AGPs, 25 μg/mL of apisimin, and 25 μg/mL of kanuka honey 

AGP in combination with 25 μg/mL of apisimin with and without doses of IAXO-101 at A) 10 μM 

and B) 5 μM. TNF-α release was measured by ELISA and and data presented as the mean ratio of 

four replicate wells of cultured cells from two experiments (left-hand graphs), and the mean absolute 

values of two replicate wells in one experiment. Significant differences between the samples (p<0.05) 

are denoted. 
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Figure 9.11 The effect of CLI-095 inhibitor on TNF-α release induced by the combination of kanuka 

honey AGPs and apisimin. Fresh monocytes were left unstimulated (cells) or were stimulated for 4 h 

with 25 μg/mL of kanuka honey AGPs, 25 μg/mL of apisimin, and 25 μg/mL of kanuka honey AGPs 

in combination with 25 μg/mL apisimin with and without CLI-095 at A) 5 μM and B) 1 μM. TNF-α 

release was measured by ELISA and and data presented as the mean ratio of four replicate wells of 

cultured cells from two experiments (left-hand graphs), and the mean absolute values of two replicate 

wells in one experiment. Significant differences between the samples (p < 0.05) are denoted. 
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Figure 9.12 The effect of LPS-RS inhibitor on TNF-α release induced by the combination of kanuka 

honey AGPs, and apisimin. Fresh monocytes were left unstimulated (cells) or were stimulated for 4 h 

with 25 μg/mL of kanuka honey AGPs, 25 μg/mL of apisimin, and 25 μg/mL of kanuka honey AGPs 

in combination with 25 μg/mL of apisimin with and without LPS-RS at A) 5 μg/mL and B) 1 μg/mL. 

TNF-α release was measured by ELISA and and data presented as the mean ratio of four replicate 

wells of cultured cells from two experiments (left-hand graphs), and the mean absolute values of two 

replicate wells in one experiment. Significant differences between the samples (p < 0.05) are denoted.  

 

Table 9.1 The inhibition effect of TLR inhibitors on TNF-α release induced by New Zealand 

honeys and LPS. 

 

Samples treated 

with TLR 

inhibitors 

Inhibition effect of TLR-inhibitors (%) 

 CU-CPT22 IAXO-101 CLI-095 LPS-RS 

 10 µM 5 µM 10 µM 5 µM 5 µM 1 µM 5 µg/mL 1 µg/mL 

Kanuka 100 % 95 % 40 % 10 % 100 % 100 % 100 % 100 % 

Manuka 100 % 90 % 0 % 0 % 100 % 100 % 100 % 100 % 

Clover 90 % 50 % 60% 10 % 100 % 100 % 100 % 100 % 

LPS 60 % 0 % 40 % 0 % 100 % 100 % 100 % 100 % 
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Conclusion 

 

The results described in this chapter reveal that the immunostimulatory activity of New 

Zealand honeys and their bioactives apisimin and AGP are dependent on signalling via TLRs. 

Thus, the TLR inhibitors CU-CPT22, IAXO-101, CLI-095 and LPS-RS greatly reduced the 

release of TNF-α induced by apisimin alone and in combination with AGPs. CU-CPT22 and 

IAXO-101 greatly reduced the release of TNF-α, and CLI-095 and LPS-RS completely 

inhibited the release of TNF-α induced by LPS and clover honey. IAXO-101 reduced the 

release of TNF-α, and CU-CPT22, CLI-095 and LPS-RS completely inhibited the release of 

TNF-α induced by kanuka and manuka honeys. The extreme effects of CLI-095 and LPS-RS 

raise the possibility that the latter agents simply killed the cells, but this was discounted as the 

cells looked viable, and were functional when cultured with the honey bioactives as 

evidenced by their ability to release TNF-. The data suggests that New Zealand honeys 

stimulate TNF-α release from monocytes via both TLR1/2 and TLR4 pathways (Table 9.1). 

The results support the report of Tonks et al. that honeys stimulate TNF-α release from 

monocytes via an interaction with the TLR4 receptor (Tonks et al., 2007). 
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CHAPTER TEN 

IMMUNOSUPPRESSIVE COMPONENTS OF HONEY: AN 

INVESTIGATION OF THEIR ABILITY TO SUPPRESS THE 

ACTIVATION OF LEUKOCYTES BY HONEY AND ITS BIOACTIVES 

 

The overall immunoregulatory properties of honey depend upon a balance between 

components that are immunostimulatory and those that are immunosuppressive. The work 

described in previous chapters has focused on identifying and characterizing the 

immunostimulatory components in honey that stimulate the release of TNF-α from blood 

cells. However, it is just as important to investigate the immunosuppressive components in 

honey, and to determine how they affect the activities of the immunostimulatory components. 

The work described in this chapter investigated whether two immunosuppressive components 

of honey, namely MGO and chrysin, affect the ability of LPS and kanuka honey and its 

bioactive components to stimulate TNF-α release from blood leukocytes. 

 

10.1 Introduction 

 

Wounds heal poorly without the initiating inflammatory phase (Guo and DiPietro, 2010). 

However, excessive and prolonged (chronic) inflammation leads to fibrosis, pain, scarring, 

and ulceration, and results in delayed wound repair (Menke et al., 2007). Cells of the innate 

immune response including macrophages and neutrophils recognise and remove the 

inflammatory stimuli allowing the inflammation to subside (Newton and Dixit, 2012; Zhang 

and Mosser, 2008). Honey contains both immunostimulatory and immunosuppressive 

bioactives that somehow must balance one another at different stages of the wound healing 

process in order to improve wound healing. MGO and chrysin are two well-known 

immunosuppressive bioactives in honey that may help to resolve inflammation, including 

endotoxin-induced inflammation, during wound healing. 

 

MGO: The concentration of MGO in manuka honey is 100-fold higher than in other floral 

varieties of honeys, and has been reported to increase during storage at 37°C (Majtan, 2011). 

Concentrations of MGO above 150 mg/kg are partly responsible for the antimicrobial effects 
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of manuka honey (Atrott and Henle, 2009). MGO in manuka honey was recently shown to 

modify proteins in honey such as the apalbumins, which correlated with increased inhibition 

of phagocytosis by monocytes over time (Bean, 2012). MGO changes the structure and 

function of many important immunological proteins and enzymes, and reduces the efficiency 

of peripheral blood immune cell responses (Price and Knight, 2009) 

 

Chrysin: Honey contains anti-inflammatory components such as flavonoids and other 

polyphenols (Vallianou et al., 2014). Chrysin is present in eucalyptus honey at 1 mg/gram 

concentration (Gambelunghe et al., 2003) but at lower concentrations (0.2 to 1.3 μg/gram) in 

other honeys (Campillo et al., 2015; Chan et al., 2013a). Chrysin is a biologically active 

flavonoid compound extracted from honey, plants and propolis that has potent anti-

inflammatory properties (Samarghandian et al., 2011). It suppressed LPS-induced COX-2 

expression in transformed monocytes/macrophages through inhibition of the DNA-binding 

activity of nuclear factor for IL-6 (NF-IL6) (Woo et al., 2005). Whereas, Eucalypt honey 

which contains a high concentration of chrysin (Gambelunghe et al., 2003) was surprisingly 

immunostimulatory. 

 

This present study investigated whether MGO and related molecules, and chrysin alone or 

together with MGO, affect the ability of LPS, kanuka honey, apisimin, and honey-derived 

AGPs to stimulate the release of TNF-α from blood monocytes, PBMNCs, and neutrophils. 

 

10.2 Does MGO and its precursor and metabolite inhibit the ability of kanuka honey 

and its bioactives to stimulate TNF-α release from blood monocytes, PBMNCs and 

neutrophils?  

 

Methylglyoxal is an organic compound with two carbonyl groups, an aldehyde and a ketone 

(Figure 10.1). The other 1,2-dicarbonyl compounds in manuka honey are glyoxal and 3-

deoxyglucosulose. These compounds are formed during the Maillard reaction or 

caramelization reactions, and are identified as important contributors of the non-peroxide 

antimicrobial activity of honey (Alvarez-Suarez et al., 2014). MGO itself is formed non-

enzymatically and enzymatically from dehydroxyacetone phosphate (DHAP) (Pun and 

Murphy, 2012; Suzuki et al., 1998). It is detoxified by the glyoxalase pathway to glycolic 

acid (Chang and Wu, 2006; Desai et al., 2010). The aim of this section was to test whether 
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MGO, glyoxal, glycolic acid and dehydroxyacetone phosphate (DHAP) are also able to 

inhibit the ability of LPS, honey and apisimin to stimulate TNF-α release from leukocytes. 

 

Figure 10.1 The chemical structure of MGO 

 

10.2.1 Methods 

 

The assay of TNF-α release from stimulated blood leukocytes was performed as described 

earlier in Chapter 2 Section 2.2.4.11. Fresh blood monocytes, PBMNCs, and neutrophils were 

isolated and cultured as described earlier in Chapter 2 Section 2.2.2.1 to 2.2.2.3.  Kanuka 

honey (1% w/v), kanuka honey AGPs (5 to 10 μg/mL), and apisimin (5 to 25 μg/mL) were 

diluted in RPMI medium supplemented with PSG. LPS (50 to 100 ng/mL) was prepared in 

the same medium. The samples were prepared with and without MGO (15 to 750 μg/mL), 

glyoxal (100 μg/mL), glycolic acid (100 μg/mL), or DHAP (100 μg/mL). Monocytes, 

PBMNCs, and neutrophils (1 x 10
5
 cells/mL) were left untreated or treated with the solutions 

for 4 h at 37°C in a 5% CO2 humidified atmosphere. In an alternative experiment monocytes 

and PBMNCs were first treated with MGO (30 to 300 μg/mL) and incubated at 37°C in a 5% 

CO2, and then treated with various immunostimulatory agents for 4 h at 37°C in a 5% CO2 

humidified atmosphere. The cell culture supernatants were collected, stored at -80°C, then 

thawed and TNF-α levels measured by ELISA (Section 2.2.4.8). The assay was performed 

thrice to confirm the reproducibility of the results, and representative results presented. 

 

10.2.3 Results and Discussion 

 

MGO at either 300 or 750 g/mL completely abolished TNF-α release from blood monocytes 

that had been stimulated with LPS and kanuka honey (Figure 10.2). In marked contrast, 300 

g/mL of MGO nonsignificantly (P > 0.05) reduced apisimin-induced TNF-α release by 

20%. At 750 g/mL it significantly (P <0.05) reduced apisimin-induced TNF-α release by 

40% (Figure 10.2). The results indicate that MGO is a potent suppressor of the 
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immunostimulatory effects of kanuka honey, but only weakly suppresses the activity of 

apisimin.  

 

 

Figure 10.2 The effect of MGO on stimulation of blood monocytes by LPS, kanuka honey and 

apisimin. Monocytes were left unstimulated (untreated) or were stimulated for 4 h with 750 μg/mL 

MGO, artificial honey, 1% (w/v) kanuka honey, 50 ng/mL LPS, or 25 μg/mL apisimin with and 

without 300 μg/mL (MGO.1) and 750 μg/mL (MGO.2) of MGO, as indicated. TNF-α release was 

measured by ELISA and and data presented as the mean ratio of four replicate wells of cultured cells 

from two experiments (left-hand graphs), and the mean absolute values of two replicate wells of one 

experiment. Significant differences between the samples (p < 0.05) are denoted. 

 

MGO completely inhibited TNF-α release from blood monocytes that had been stimulated 

with kanuka honey AGPs (Figure 10.3). In this particular experiment, 300 μg/mL of MGO 

significantly (P < 0.05) reduced TNF-α release induced by apisimin by 63%. As reported in 

Chapter 6, the combination of apisimin and kanuka honey AGPs has an additive effect on 

TNF-α release. MGO significantly (P < 0.05) reduced the level of TNF-α released by the 

combination of AGPs and apisimin by 87% (Figure 10.3). The results indicate that MGO is a 

potent suppressor of the immunostimulatory effects of kanuka honey AGPs, and confirm that 

MGO weakly to moderately suppresses the activity of apisimin. 
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Figure 10.3 The effect of MGO on stimulation of blood monocytes by kanuka honey AGPs with or 

without combination of apisimin. Monocytes were left unstimulated (untreated) or were stimulated for 

4 h with 10 μg/mL of kanuka honey AGPs, 10 μg/mL apisimin,  and the combination of 5 μg/mL 

AGPs and 5 μg/mL apisimin with and without MGO (300 μg/mL), as indicated. TNF-α release was 

measured by ELISA and and data presented as the mean ratio of four replicate wells of cultured cells 

from two experiments (left-hand graphs), and the mean absolute values of two replicate wells of one 

experiment. Significant differences between the samples (p < 0.05) are denoted. 

 

10.3 Concentration-dependence of the inhibitory effects of MGO on release of TNF-α 

from stimulated monocytes, PBMNCs and neutrophils 

Here the aim was to determine the concentration-dependence of the inhibitory effects of 

MGO on the release of TNF-α from stimulated monocytes, PBMNCs and neutrophils.  

As shown in Figure 10.4, MGO inhibited the LPS-induced release of TNF-α from blood 

monocytes (Figure 10.4A), PBMNCs (Figure 10.4B) and neutrophils (Figure 10.4C) in a 

concentration-dependent fashion. MGO concentrations of 75 and 300 μg/mL completely 

abolished TNF-α release by all three cell types. At the low concentration of 30 μg/mL, MGO 

completely inhibited TNF-α release from neutrophils, and reduced release from monocytes 

and PBMNCs by 95 and 90%, respectively.  
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Figure 10.4 The effect of MGO on their ability of LPS-induced release of TNF-α from blood 

leukocytes. Fresh blood monocytes (A), PBMNCs (B) and neutrophils (C) were stimulated with and 

without LPS (50 ng/mL) for 4 h in presence of different concentrations of MGO as indicated. TNF-α 

release was measured by ELISA and and data presented as the mean absolute values of four replicate 

wells of cultured cells from two experiments  

 

Similar results were obtained when using kanuka honey as the immunostimulant. As shown 

in Figure 10.5, MGO completely abolished kanuka honey-induced release of TNF-α from 

blood monocytes (Figure 10.5A), PBMNCs (Figure 10.5B) and neutrophils (Figure 10.5C) at 

all three concentrations tested.  
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Figure 10.5 The effect of MGO on their ability of kanuka honey-induced release of TNF-α by blood 

leukocytes. Fresh blood monocytes (A), PBMNCs (B) and neutrophils (C) were stimulated with and 

without 1% (w/v) kanuka honey for 4 h in presence of different concentrations of MGO as indicated. 

TNF-α release was measured by ELISA and and data presented as the mean absolute values of four 

replicate wells of cultured cells from two experiments.  

 

The concentrations of MGO employed were reduced to gain a better insight into the 

concentration-dependent affects of MGO. MGO once again inhibited LPS-induced (Figure 

10.6A) and kanuka honey-induced (Figure 10.6B) release of TNF-α from blood monocytes. 

The concentration-dependent affects of MGO were clearly revealed, with high concentrations 

of 75 and 60 μg/mL completely abolishing TNF-α release, and the lower concentrations of 

45, 30, and 15 μg/mL significantly inhibiting release by 65, 50, and 40% in the case of LPS, 

and by 90, 60, and 40% in the case of kanuka honey, respectively. Note that 100 ng/mL LPS 

was employed in this experiment compared to 50 ng/mL in the previous experiment which 

might explain the less inhibitory effect of MGO on LPS activity compared to that in Figure 

10.4. Thus, MGO at 30 μg/mL inhibited TNF- release induced by 50 ng/mL LPS activity by 
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95%, whereas the same concentration of MGO inhibited TNF- release induced by 100 

ng/mL LPS activity by 50%, suggesting that MGO inhibits the activity of LPS in a 

concentration-dependent manner. 

 

 

Figure 10.6 The effect of MGO on their ability of LPS and kanuka honey-induced release of TNF-α 

by blood monocytes. Fresh blood monocytes were) were stimulated with and without 100 ng/mL of 

LPS (A) or 1% (w/v) kanuka honey (B) for 4h in presence of different concentrations of MGO as 

indicated. TNF-α release was measured by ELISA and and data presented as the mean absolute values 

of four replicate wells of cultured cells from two experiments. 

 

MGO only partially inhibited apisimin-induced release of TNF-α from blood monocytes 

(Figure 10.7A), PBMNCs (Figure 10.7B) and neutrophils (Figure 10.7C). Thus, MGO at 

concentrations of 300, 75, and 30 g/mL significantly (P < 0.05) inhibited apisimin-induced 

release of TNF-α from monocytes, PBMCs, and neutrophils by 40 to 28%, 65 to 50%, and 

60%, respectively. The affect of MGO on TNF-α release did not appear to be concentration-

dependent, and suggested the affects are nearly maximal at 30 g/mL.   
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Figure 10.7 The effect of MGO on their ability of apisimin-induced release of TNF-α from blood 

leukocytes. Fresh blood monocytes (A), PBMNCs (B) and neutrophils (C) were stimulated with 25 

μg/mL of apisimin for 4 h with and without different concentrations of MGO, as indicated. TNF-α 

release was measured by ELISA and and data presented as the mean absolute values of four replicate 

wells of cultured cells from two experiments. 

 

10.4 Does pretreating PBMNCs and monocytes with MGO impair their ability to be 

stimulated?  

 

MGO is reported to have effects on blood cells (Hsieh and Chan, 2009; Gawlowski et al., 

2007) and honey proteins (Bean, 2012) that could contribute to the results obtained above.  It 

is important to determine whether the inhibitory effects of MGO relate to effects on the cell 

or on honey components, or both. The aim of this section was to investigate whether 

pretreatment of blood leukocytes with MGO inhibits their ability to be stimulated by LPS, 

kanuka honey, manuka honey and honey bioactives. As shown in Figure 10.8, pretreatment 

of monocytes (Figure 10.8A) and PBMNCs (Figure 10.8B) with 300 μg/mL of MGO 

completely inhibited TNF-α release induced by LPS, and kanuka and manuka honeys. These 
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experiments were conducted at the same time with the same cells as shown in (Figure 10.6A 

and 10.6B, which show that the cells should be able to be stimulated. Indeed, apisimin which 

is largely unaffected by MGO, still managed to stimulate the release of 70 pg/mL and 120 

pg/mL of TNF-α from monocytes and PBMNCs, respectively. 

 

 

 

Figure 10.8 Pretreatment effect of monocytes and PBMNCs with MGO on their ability to be stimulated by LPS 

and kanuka, manuka honey and apisimin. Fresh blood monocytes (A), and PBMNCs (B) were left untreated or 

pretreated for 30 min with 300 µg/mL of MGO, and then incubated for 4 h in the absence of an 

immunostimulator (cells) or with artificial honey (AH), 100 ng/mL LPS, 1% (w/v) kanuka honey, 1% (w/v) 

manuka honey, and 25 μg/mL apisimin, as indicated. TNF-α release was measured by ELISA and and data 

presented as the mean ratio of four replicate wells of cultured cells from two experiments (left-hand 

graphs), and the mean absolute values of two replicate wells of one experiment. Significant differences 

between the samples (p < 0.05) are denoted. 
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The experiment shown in Figure 10.8A was repeated, but this time only monocytes were 

included, and in addition kanuka honey AGPs. As shown in (Figure 10.9A), the results were 

identical except that MGO at 300 μg/mL did not completely inhibit kanuka honey-induced 

release of TNF-α. It also did not completely suppress the immunostimulatory activity of 

kanuka honey AGPs (compare with Figure 10.3). As might be expected, pretreatment of the 

cells with the lesser concentration of 30 μg/mL of MGO (Figure 10.9B) resulted in less 

inhibition of the immunostimulatory affects of LPS, kanuka honey, kanuka honey AGPs. 
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Figure 10.9 Pretreatment effect of monocytes with MGO on their ability to be stimulated by LPS and 

kanuka, kanuka honey AGPs and apisimin. Fresh blood monocytes were either left untreated, or were 

pretreated with MGO concentrations (A) 300 μg/mL, and (B) 30 μg/mL, and then incubated for 4 h in 

the absence of an immunostimulator (cells) or with artificial honey (AH), 100 ng/mL LPS, 1% (w/v) 

kanuka honey, 10 μg/mL AGP, or 25 μg/mL apisimin, as indicated. TNF-α release was measured by 

ELISA and and data presented as the mean ratio of four replicate wells of cultured cells from two 

experiments (left-hand graphs), and the mean absolute values of two replicate wells of one 

experiment. Significant differences between the samples (p < 0.05) are denoted. 

 

10.5 Do other MGO-related compounds inhibit the stimulation of monocytes by LPS, 

kanuka honey and apisimin?  

 

The MGO-related reactive carbonyl molecule glyoxal completely inhibited the ability of LPS 

(Figure 10.10A), and kanuka honey (Figure 10.10B) to stimulate the release of TNF-α from 

blood monocytes. It significantly (P <0.05) inhibited TNF-α release induced by apisimin by 

50% (Figure 10.9C).  

 

In contrast, the MGO metabolite glycolic acid only inhibited LPS (Figure 10.11A), and 

kanuka honey (Figure 10.11B) induced release of TNF-α by 7 (P < 0.05) and 12% (P < 0.05), 

respectively. It had no detectable affect on the ability of apisimin to induce release of TNF-α 

from monocytes (Figure 10.11C). Similar results were obtained in the case of the MGO 

precursor DHAP. As shown in Figure 10.12, DHAP inhibited LPS (Figure 10.12A) and 

kanuka honey (Figure 10.12B) induced release of TNF-α by 23 (P < 0.05) and 27% (P < 
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0.05), respectively. In contrast, it had no detectable affect on the ability of apisimin to induce 

release of TNF-α from monocytes (Figure 10.12C) 

 

 

Figure 10.10 The effect of glyoxal on the ability of LPS, kanuka honey, and apisimin to induce TNF-

α release from monocytes. Blood monocytes were left unstimulated (untreated) or were stimulated for 

4 h with 100 ng/mL LPS (A), 1% (w/v) kanuka honey (B), or 25 μg/mL apisimin (C) with and 

without glyoxal (100 μg/mL), as indicated. TNF-α release was measured by ELISA and and data 

presented as the mean ratio of four replicate wells of cultured cells from two experiments. Significant 

differences between the samples (p < 0.05) are denoted. 
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Figure 10.11 The effect of glycolic acid on the ability of LPS, kanuka and apisimin to induce TNF-α 

release from monocytes.  Monocytes were left unstimulated (untreated) or were stimulated for 4 h 

with 100 ng/mL LPS (A), 1% (w/v) kanuka honey (B), or 25 μg/mL apisimin (C), with and without 

glycolic acid (100 μg/mL), as indicated. TNF-α release was measured by ELISA and and data 

presented as the mean ratio of four replicate wells of cultured cells from two experiments. Significant 

differences between the samples (p < 0.05) are denoted. 
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Figure 10.12 The effect of DHAP on the ability of LPS, kanuka honey and apisimin to induce TNF-α 

release from monocytes. Blood monocytes were left unstimulated (untreated) or were stimulated for 4 

h with 100 ng/mL LPS (A), 1% (w/v) kanuka honey (B), or 25 μg/mL apisimin, with and without 

DHAP (100 μg/mL), as indicated. TNF-α release was measured by ELISA and and data presented as 

the mean ratio of four replicate wells of cultured cells from two experiments. Significant differences 

between the samples (p < 0.05) are denoted. 

 

10.6 Can aminoguanidine block the inhibitory affect of MGO on immunostimulation by 

LPS, kanuka honey and apisimin? 

 

Aminoguanidine (AG) is a small, water-soluble, compound that therapeutically prevents 

diabetic complications by reacting with glyoxal, MGO and 3-deoxyglucosone (3-DG) to 

prevent their ability to glycate proteins and tissues (Thornalley et al., 2000). AG possesses a 
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nucleophilic hydrazine (-NHNH2) and a guanidine moiety [-NHC (-NH) NH2] which enable 

it to scavenge 1, 2 dicarbonyl compounds, forming 3-amino-1, 2, 4 triazine derivatives (Solís-

Calero et al., 2014). The aim of this section was to investigate the ability of AG to block the 

inhibitory affect of MGO on immunostimulation by LPS, kanuka honey and apisimin. If AG 

blocks the inhibitory affect of MGO, then either it or other MGO scavengers could be 

employed to potentially heighten the immunostimulatory effects of honeys such as manuka 

honey which contain high levels of MGO. 

 

AG at the concentration tested (100 μg/mL) completely failed to block the inhibitory effect of 

MGO on immunostimulation of monocytes by LPS, kanuka honey and apisimin (Figure 

10.13). In contrast, it weakly but significantly (P < 0.05) inhibited LPS induced release of 

TNF-α from monocytes by 15% respectively, suggesting AG may weakly antagonize TLR 

signalling. In accord, aminoguanidine-treated human subjects develop tolerance to TLR-4 

stimulation (Draisma et al., 2008). In contrast, AG had no significant effect on TNF-α release 

induced by kanuka honey and apisimin. It was been reported that AG can inhibit MGO-

induced endothelial dysfunction (Dhar et al., 2010). MGO reacts with AG to form two 

isomeric triazines, namely 3-amino-5-methyl-1,2,4-triazine and 3-amino-6-methyl-1,2,4-

triazine ( Lo et al., 1994). It may have been preferable to determine whether higher 

concentrations of AG are required to negate the effects of MGO. Alternatively, there is the 

possibility that the reaction products formed from AG and MGO retain MGO’s ability to 

suppress immunostimulation by honey and its bioactives. 
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Figure 10.13 The effect of aminoguanidine (AG) to block the inhibitory effect of MGO on TNF-α 

release. Blood monocytes were left unstimulated (untreated) or were stimulated for 4 h with 100 

ng/mL LPS (A), 1% (w/v) kanuka honey (B), or 25 μg/mL apisimin (C),  with and without MGO (100 

μg/mL) and  100 μg/mL AG, as indicated. TNF-α release was measured by ELISA and and data 

presented as the mean ratio of four replicate wells of cultured cells from two experiments. Significant 

differences between the samples (p < 0.05) are denoted. 
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10.7 Does chrysin inhibit the ability of kanuka honey and its bioactives to stimulate 

TNF-α release from blood monocytes? 

 

Chrysin is a natural flavone present in honey which possesses anti-oxidant and anti-

inflammatory properties (Pichichero et al., 2010; Samarghandian et al., 2011). It was 

reported that chrysin significantly inhibits the ability of LPS to induce the release of pro-

inflammatory cytokines such as TNF-α and IL-1β by microglia (Ha et al., 2010).  The aim of 

this section was to test whether chrysin is able to inhibit the ability of LPS, kanuka honey, 

kanuka honey AGPs, and apisimin to stimulate TNF-α release from monocytes. 

 

10.7.1 Methods 

 

The assay was performed as described earlier in Chapter 2 Section 2.2.4.12. Fresh blood 

monocytes were isolated and cultured as described earlier in Chapter 2 Section 2.2.2.1. 

Kanuka honey (1% w/v), honey AGPs (5 to 10 μg/mL), and apisimin (5 to 10 μg/mL) were 

diluted in RPMI medium supplemented with PSG.  LPS (100 ng/mL) was prepared in the 

same medium. The samples were prepared with and without chrysin (25 μg/mL to 100 

μg/mL). Monocytes (1 x 10
5
 cells/mL) were treated with the various agents for 4 h at 37°C in 

a 5% CO2 humidified atmosphere. The cell culture supernatants were collected, stored at -

80°C, then thawed and TNF-α levels measured by ELISA (Section 2.2.4.8). The assay was 

performed thrice to confirm the reproducibility of the results, and representative results 

presented. 

 

10.7.2 Results and Discussion 

 

Chrysin significantly inhibited the abilities of LPS (Figure 10.14A), kanuka honey (Figure 

10.14B), kanuka honey AGPs (Figure 10.14C) and apisimin (Figure 10.14D) to induce the 

release of TNF-α from monocytes, in a concentration dependent fashion. It significantly (P < 

0.05) inhibited LPS-induced release of TNF-α by 90, 85, and 72%, and kanuka honey-

induced release by 85, 82, and 82% at 100, 50, and 25 mg/mL, respectively. It inhibited 

kanuka honey AGP-induced release of TNF-α by 95 % and apisimin-induced release by 85 

and 72% at 50 and 25 g/mL, respectively. As shown in Figure 10.15, chrysin also 
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significantly inhibited TNF-α release induced by the combination of honey AGP and 

apisimin by 90 and 92% at 50 and 25 g/mL, respectively. 

 

 

Figure 10.14 The effect of chrysin on stimulation of monocytes by LPS, kanuka honey, kanuka honey 

AGPs, and apisimin. Fresh blood monocytes were were stimulated for 4 h with 100 ng/mL LPS (A), 

1% (w/v) kanuka honey (B), 10 μg/mL kanuka honey AGPs (C), and 10 μg/mL apisimin (D) with and 

without concentrations of chrysin, as indicated. TNF-α release was measured by ELISA and and data 

presented as the mean absolute values of four replicate wells of cultured cells from two experiments.  
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Figure 10.15 The effect of chrysin on stimulation of monocytes by the combination of kanuka honey 

AGPs and apisimin. Fresh blood monocytes were stimulated for 4 h with the combination of 5 μg/mL 

of AGP and 5 μg/mL of apisimin, with and without chrysin at the concentrations as indicated. TNF-α 

release was measured by ELISA and and data presented as the mean absolute values of four replicate 

wells of cultured cells from two experiments.  

 

10.8 The immunosuppressive activities of MGO and chrysin are additive 

 

Here the question of whether MGO and chrysin use the same pathway to block the 

stimulation of monocytes was addressed. They were tested in combination for their ability to 

block LPS (Figure 10.16) and kanuka honey (Figure 10.17) induced stimulation of 

monocytes, to determine whether their inhibitory affects were additive, or not. They were 

tested at lower concentrations of 5 μg/mL (Figure 10.16A and 10.17A) and 1 μg/mL (Figure 

10.16B and 10.17B) than used previously. Chrysin alone strongly and significantly (P < 0.05) 

inhibited LPS-induced TNF-α release by 90 and 70% at 5 and 1 g/mL, respectively (Figure 

10.16), and kanuka honey-induced TNF-α release by 80 and 70% at 5 and 1 g/mL, 

respectively (Figure 10.17). MGO alone while less effective, nevertheless significantly (P < 

0.05) inhibited LPS-induced TNF-α release by 70 and 30% at 5 and 1 g/mL, respectively 

(Figure 10.16), and kanuka honey-induced TNF-α release by 50 and 45% at 5 and 1 g/mL, 

respectively (Figure 10.17). The combination of MGO and chrysin was the most effective, as 

it significantly (P < 0.05) inhibited LPS-induced TNF-α release by 95 and 90% at 5 and 1 

g/mL, respectively (Figure 10.16), and kanuka honey-induced TNF-α release by 95 and 

90% at 5 and 1 g/mL, respectively (Figure 10.17). Thus, the immunosuppressive affects of 

MGO and chrysin are additive, with chrysin being the more potent immunosuppressor. 
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Figure 10.16 The effect of MGO and chrysin on LPS-induced release of TNF-α from monocytes. 

Fresh blood monocytes were left unstimulated (untreated) or were stimulated for 4 h with 100 ng/mL 

LPS with and without (A) MGO at 5 μg/mL (MGO.1) and chrysin at 5 μg/mL (chrysin 1) or (B) 

MGO at 1 μg/mL (MGO.2) and chrysin at 1 μg/mL (chrysin 2), alone or in combination as indicated. 

TNF-α release was measured by ELISA and and data presented as the mean ratio of four replicate 

wells of cultured cells from two experiments (left-hand graphs), and the mean absolute values of two 

replicate wells of one experiment. Significant differences between the samples (p < 0.05) are denoted. 
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Figure 10.17 The effect of MGO and chrysin on kanuka honey-induced release of TNF-α from 

monocytes. Fresh blood monocytes were left unstimulated (untreated) or were stimulated for 4 h with 

1% (w/v) kanuka honey with and without (A) MGO at 5 μg/mL (MGO.1) and chrysin a 5 μg/mL 

(chrysin 1) or (B) MGO at 1 μg/mL (MGO.2) and chrysin at 1 μg/mL (chrysin 2), alone or in 

combination as indicated. TNF-α release was measured by ELISA and and data presented as the mean 

ratio of four replicate wells of cultured cells from two experiments (left-hand graphs), and the mean 

absolute values of two replicate wells of one experiment. Significant differences between the samples 

(p < 0.05) are denoted. 
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It will be important to determine whether the concentrations of MGO and chrysin employed 

have a direct effect on cell viability. It was reported that chrysin at a concentration of 20 µM 

(5 g/ml) had no significant effect on the viability of macrophages, but was cytotoxic at 50 

µM (Warat et al., 2014). MGO at concentrations of 300 µM (22 g/ml) or higher were found 

to have toxic effects on hybridoma cell cultures, with a median inhibitory concentration of 

490 µM (Roy et al., 2004). In contrast, MGO at a 1 mM concentration had no significant 

effect on the human hepatocyte cell line, but was proapoptotic at 3 mM HepG2 (Seo et al., 

2014). A one hour treatment with MGO at 2.5 mM had no detectable effects on the viability 

of L6 muscle cells (Riboulet-Chavey et al., 2006). As mentioned previously, in the present 

study the lowest concentration of MGO and chrysin used was 13.6 µM and 4 µM (1 µg/mL), 

which given the above would not be expected to have an effect on cell viability. 

Nevertheless, the sensitivity of blood monocytes to different levels of MGO and chrysin will 

need to be determined in future experiments. 

 

 

10.9 Can kanuka honey inhibit LPS stimulation of TNF- release by monocytes?  

 

The previous experiments showed that chrysin and MGO at low concentration inhibited the 

immunostimulatory activity of LPS (Figure 10.16). An assay was conducted to determine 

whether whole kanuka honey also inhibits the activity of LPS, given that it contains the latter 

two bioactives. The combined immunostimulatory effects of LPS and kanuka honey were 

significantly neither additive nor suppressive. Thus, LPS and kanuka honey individually 

stimulated the release of 630 and 740 pg/mL of TNF-α, whereas in combination they induced 

the release of 850 pg/mL of TNF-α (Figure 10.18). The results suggest both MGO and 

chrysin in honey suppress the activity of LPS, or that LPS and honey stimulate identical 

pathways. Alternatively, it may be that the concentration of LPS used, namely 100 ng/ml, 

provides maximal production of TNF-, which would leave little opportunity for additional 

TNF to be released by costimulation with honey. In future studies, it would be best to test the 

affects of honey on LPS stimulation using a range of lower concentrations of LPS. 
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Figure 10.18 The combination effect of LPS and kanuka honey to induce release of TNF-α. Fresh 

blood monocytes were left unstimulated (untreated) or were stimulated for 4 h with 100 ng/mL LPS 

and 1% (w/v) kanuka honey, either alone or in combination. TNF-α release was measured by ELISA 

and and data presented as the mean ratio of four replicate wells of cultured cells from two experiments 

(left-hand graphs), and the mean absolute values of two replicate wells of one experiment. Significant 

differences between the samples (p<0.05) are denoted. 

 

Conclusion 

 

The data described in this chapter demonstrates that MGO and chrysin are potent 

immunosuppressors present in honey. They inhibited TNF-α release from monocytes induced 

by LPS, kanuka honey, and kanuka honey-derived AGPs whereas they only moderately 

suppressed the activity of apisimin. The glyoxal moiety of MGO is also active and inhibits 

the immunostimulatory activity of LPS and kanuka honey. It was employed at high levels 

(similar to those at MGO in manuka honey) compared to the levels normally found in honey; 

hence there is a need to reassess its immunosuppressive activities using amounts normally 

present in honey. The effects of MGO and chrysin were also seen with other leukocyte types 

including PBMNCs and neutrophils, indicating that their effects are not cell-type-specific. 

MGO and chrysin appear to tolerize the cells to the stimulatory effects of honey, as evidenced 

by the fact that the cells become unresponsive to honeys when pretreated with MGO and 

chrysin. MGO at the low concentration of 1µg/mL was able to inhibit kanuka honey-

mediated stimulation of monocytes, and it had an additive effect with chrysin. It is thus 

proposed that the immunostimulatory activity of honeys such as manuka and eucalyptus 

honey are held in-check due to their high content of MGO and chrysin, respectively.
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CHAPTER ELEVEN 

COMPARISON OF THE COMPOSITION OF NEW ZEALAND AND 

INTERNATIONAL HONEYS AND THEIR ABILITY TO STIMULATE 

FRESH BLOOD MONOCYTES TO RELEASE TNF-α 

 

It was important to determine whether New Zealand commercial honeys are special in terms 

of their immunostimulatory ability, or whether honeys gathered from other parts of the world, 

here designated as “international honeys” also possessed immunostimulatory properties and 

therefore might have potential in promoting human health and wellbeing. It is also important 

for the consumer and the honey industry to have an understanding of the composition and 

properties of different international honeys. The work described in this chapter investigated 

the immunostimulatory potential of a wider range of New Zealand commercial honeys, and 

compared them with honeys gathered by Comvita from around the world. 

 

11.1 Methods 

 

Fresh blood monocytes were isolated and cultured as described earlier in Chapter 2 Section 

2.2.2.1. The commercial New Zealand honeys, Comvita supplied kanuka, manuka and clover 

honeys (Chapter 2, Methods section, Table 2.4) and international honeys (Table 2.6) were 

diluted in RPMI medium supplemented with PSG to a final concentration of 1% (w/v). LPS 

(100 ng/mL) was prepared in the same medium. Monocytes, (1 x 10
5
 cells/mL) were treated 

with the various honey and control solutions for 4 h at 37°C in a 5% (w/v) CO2 humidified 

atmosphere. The cell culture supernatants were collected, stored at -80°C, then thawed and 

TNF-α levels measured by ELISA (Section 2.2.4.8). The assay was repeated thrice to confirm 

the reproducibility of the results. 
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11.2 Results and Discussion 

 

11.2.1 Immunostimulatory activity of nine commercial and three comvita supplied New 

Zealand honeys 

 

All commercial New Zealand honeys, which included 5 manuka honeys, 3 clover honeys, and 

liquid honey and comvita supplied manuka, kanuka and clover honeys as expected, induced 

TNF-α release from blood monocytes. Whilst the honeys had roughly similar 

immunostimulatory activity, Redseal and Doctor manuka honeys had the strongest activity, 

and Airborne clover honey was the most active of the clover honeys (Figure 11.1).   

 

 

Figure 11.1 Measurement by ELISA of TNF-α release from blood monocytes following stimulation 

by New Zealand commercial honeys. Blood monocytes were either left untreated or were stimulated 

with 1% (w/v) concentrations of the following honeys: Doctor manuka, Redseal manuka, Heinz 

manuka, Airborne manuka, Arataki manuka, Holland clover, Airborne clover, and Arataki clover and 

liquid honey. Control cells were stimulated with 50 ng/mL of LPS, and AH.  TNF-α release was 

measured by ELISA. Data represents the mean ratio of four replicate wells of cultured cells from two 

experiments (left-hand graphs), and the mean absolute values of two replicate wells in one experiment 

which were read twice (right-hand graphs). Data with different letters are significantly different (P 

<0.05) from one another. 

 

 



Chapter Eleven 

218 

 

11.2.2 Immunostimulatory activity of forty-eight international honeys and comparison 

with twenty-one New Zealand honeys 

All international and New Zealand honeys, except for Amber honey, induced TNF-α release 

from blood monocytes. The different honeys differed greatly in their immunostimulatory 

activity. Tallow wood honey had the lowest immunostimulatory activity after amber honey, 

followed by Quillay and Apiter honeys (Figures 11.2A and B). Honeys that displayed strong 

immunostimulatory activity included prickley box, multiflora, and clover NI, which each 

induced the release of > 3,000 pg/mL of TNF-α (Figures 11.2A and B). Other honeys with 

moderate activity that induced the release of 2,000-3,000 pg/mL of TNF-α included 

Tasmanian manuka, eucalypt, Sidr, NZ ling, one of the NZ manuka honeys, two of the three 

rewarewa honeys, and Marri 4 honey (one of four Marri honeys). There was surprising 

difference in the activities of multiple samples of a particular honey type. Thus, the activities 

of 3 jellybush honeys differ almost 2-fold, 2 jarrah honeys differed by 2-fold, 4 Marri honeys 

differed by 4-fold, 2 Ulmo honeys by 2-fold, New Zealand kanuka honeys by 3-fold, and 

New Zealand manuka honeys by almost 3-fold.  Differences in activity could be due to floral 

source, aging, or adulteration of the honeys, which would be expected to alter the levels or 

activities of honey bioactives.  
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Figure 11.2 Measurement by ELISA of TNF-α release from blood monocytes following stimulation 

by international honeys, and a variety of New Zealand honeys. Blood monocytes were either left 

untreated or were stimulated with 1% (w/v) concentrations of international and New Zealand honeys 

(refer to Chapter 2 Methods section, Table 2.6), 50 ng/mL of LPS, and AH. A) Honeys 1-25 listed in 

Table 2.6, B) honeys 26 – 50 listed in Table 2.6, and C) honeys 51-69 listed in Table 2.6. TNF-α 

release was measured by ELISA. Data represents the mean absolute values of two replicate wells in 

one experiment and the experiment was performed thrice.The honeys that were further investigated 

are numbered. 
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11.3 Levels of AGPs in New Zealand and international honeys determined by rocket gel 

electrophoresis 

 

11.3.1 Methods 

 

Rocket gel electrophoresis was carried out to measure AGPs in New Zealand and 

international honeys (refer to Chapter 2 Section 2.2.4.6). Ten honeys were selected for 

analysis, which had either high, moderate, or low immunostimulatory activity, including 

prickley box (no. 14), multiflora (no. 43), eucalypt (no. 6), gelam (no. 13), NZ thyme (no. 

39), kanuka (no. 52), amber (no. 28), tallow wood (no. 12), honeydew (no. 59) and marri (no. 

11). The concentration of the AGPs was determined by measuring the area under the rocket. 

 

11.3.2 Results and Discussion 

 

Rocket gel electrophoresis confirmed the presence of AGPs in the selected New Zealand and 

international honeys, except for amber honey (Figures 11.3 and 11.4). All the manuka honeys 

contained between 110-124 g/mL of AGPs, except for the Doctor manuka and Arataki 

manuka honeys which contained 76 g/mL of AGPs, respectively (Figure 11.3A). Comvita 

kanuka honey contained 96 μg/mL, whereas the clover honeys have low levels of AGPs 

(Figure 11.3B). As shown in Figure 11.4, multiflora honey contained 1 mg/mL of AGPs, 

whereas eucalypt, Gelam, prickley box and NZ thyme honeys contained only 47 to 125 

μg/mL of AGPs (Figure 11.4A). Marri and tallow wood honeys contained 630 μg/mL and 

745 μg/mL of AGPs, kanuka honey (no. 52) 310 μg/mL of AGPs, and honeydew honey just 

120 μg/mL of AGPs.  
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Figure 11.3 Rocket gel electrophoresis using the Yariv agent to measure the concentrations of AGPs 

in New Zealand honeys. The samples analyzed included 20 μL of undiluted commercial New Zealand 

honeys, and manuka, kanuka and clover honeys supplied by Comvita. Gum arabic was included as a 

standard at 250, 100, and 50 μg/mL, as indicated.  
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Figure 11.4 Rocket gel electrophoresis using the Yariv agent to measure the concentrations of AGPs 

in selected international honeys and New Zealand kanuka and thyme honeys. The samples analyzed 

included 20 μL of undiluted international and New Zealand honeys supplied by Comvita. Gum arabic 

was included as a standard at 250, 100, and 50 μg/mL, as indicated. P.Box, Prickley box; H.Dew, 

honeydew; T.Wood, tallow wood. 

 

11.4 Levels of apisimin in New Zealand and international honeys determined by 

Western blot analysis 

 

The commercially prepared mouse anti-apisimin polyclonal antibody was employed in 

Western blots to determine the levels of apisimin in New Zealand and international honeys.  
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11.4.1 Methods 

 

Western blot analysis was carried out as described earlier (Chapter 2, Methods, Section 

2.2.4.2). The above described honeys were resolved on denaturing 6% polyacrylamide Tris-

tricine SDS-gels and electroblotted onto nitrocellulose membrane. The membranes were 

subjected to Western blot analysis with the anti-apisimin antibody followed by an HRP-

conjugated goat anti-mouse IgG secondary antibody. Immunoreactivity was developed with 

ECL substrate solution, and the result recorded using a Fujifilm LAS-3000 scanner. 

 

11.4.2 Results and Discussion 

 

The anti-apisimin antibody detected a major low molecular weight protein band of ~5 kDa in 

all the New Zealand honey samples, which was identical in size to chemically synthesized 

apisimin (Figure 11.5). Redseal manuka honey had very low levels of apisimin, which could 

only be seen after over-exposure of the blot (not shown). Airborne clover honey also 

contained only a small amount of apisimin. Heinz manuka, Arataki manuka, Arataki clover 

and Comvita kanuka honeys appeared to contain the highest concentrations of apisimin. 

 

 

Figure 11.5 Western blot analysis to determine the amount of apisimin in New Zealand honeys. 

Aliquots of 15 mg of New Zealand honeys, and 3 μg of synthetic apisimin were resolved on a 

denaturing 6% polyacrylamide Tris-tricine SDS-gel, and screened by Western blot analysis using the 

anti-apisimin antibody. Immunoreactivity was detected with HRP-conjugated anti-mouse IgG, 

followed by enhanced chemiluminescence. The sizes of the molecular weight makers are given in kDa 

in the left-hand margins. 
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The levels of apisimin in the selected international honeys were highly variable. Apisimin 

appeared to be completely absent from Gelam and Amber (honeys. In contrast, eucalypt and 

kanuka honeys contained large amounts of apisimin, NZ thyme, prickley box, and multiflora 

honeys contained moderate amounts, and tallow wood, honeydew, and Marri honeys 

contained low amounts of apisimin (Figure 11.6). In summary, the AGP and apisimin 

contents of the honeys varied markedly. There was no correlation between AGP and apisimin 

content, and the levels of AGPs and apisimin did not appear to correlate with the 

immunostimulatory activities of the honey (Table 11.1 and 11.2). Amber honey appears to be 

strikingly unusual as it did not contain detectable levels of either AGPs or apisimin and this 

honey also not stimulated TNF-α release from monocytes. 

 

 

Figure 11.6 Western blot analysis to determine the amount of apisimin in selected international 

honeys. Aliquots of 15 mg of the international honeys, and 1 μg of apisimin were resolved on a 

denaturing 6% polyacrylamide Tris-tricine SDS-gel, and screened by Western blot analysis using the 

anti-apisimin antisera 10A. Immunoreactivity was detected with HRP-conjugated anti-mouse IgG, 

followed by enhanced chemiluminescence.  

 

Table 11.1 Comparision of TNF-α release stimulated by New Zealand comvita supplied and 

commercial honeys with AGPs and apisimin (measured by Image J) 

 

Honeys TNF-α release (pg/mL) AGPs (μg/mL)  Apisimin (μg/15 mg) 

Comvita Manuka 998 113 0.27 

Doctor Manuka 1090 76 0.41 

Redseal Manuka 1208 117 0.01 

Heinz Manuka 861 115 0.75 

Airborne Manuka 770 124 0.25 

Arataki Manuka 763 76 0.52 

Comvita Clover 1050 91 0.18 

Holland Clover 811 55 0.18 



Chapter Eleven 

227 

 

Airborne Clover 1080 26 0.02 

Arataki Clover 986 57 0.3 

Liquid honey 894 59 0.18 

Comvita Kanuka 1206 96 0.42 

 

Table 11.2 Comparision of TNF-α release stimulated by international honeys with AGPs and 

apisimin 

 

Honeys TNF-α release (pg/mL) AGPs (μg/mL)  Apisimin (μg/15 mg) 

Eucalypt 1 2092 83.8 5.7 

Gelam 1708 46.7 0 

NZ thyme 1350 111.2 2.9 

Prickley box 3519 125.2 1.3 

Multiflora 3095 1054.8 1.7 

Tallow wood 188 632.2 0.07 

Honey dew1 959 126.6 0.1 

Marri 2 713 747.4 0.1 

Amber honey 0 0 0 

Kanuka 2 449 312.2 1.3 

 

 

11.5 Protein profiles of New Zealand and international honeys  

 

Here the aim was to determine the overall protein content of the New Zealand and 

international honeys, to determine whether the proteins they contain are similar, whether they 

were degraded, and importantly whether they contain similar levels of the major honey 

proteins, the apalbumins. 

 

11.5.1 Methods 

 

Tris-glycine and Tris-tricine SDS-gels were used to resolve high and low molecular weight 

proteins, respectively, contained in the selected New Zealand and international honeys. 

Honey samples (12 mg) were loaded into the wells of 12% polyacrylamide Tris-glycine and 

15% polyacrylamide Tris-tricine SDS-gels, electrophoresed, and the proteins visualized by 

staining with Coomassie Blue G-250. 
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11.5.2 Results and Discussion 

 

The honey proteins were initially profiled using Tris-glycine SDS-gels to separate the higher 

molecular weight proteins. Apalbumins, which represent the major protein components of 

honey, were present as a broad band of 50 kDa in every honey type except for amber honey 

(Figures 11.7, and Figures 11.8). All the New Zealand honeys had an almost identical protein 

profile, with similar levels of apalbumins (Figures 11.7). They each contained two additional 

high molecular weight bands of 75 and 100 kDa the former presumably being Apa3.  

 

In contrast, the levels of apalbumins in the international honeys were quite variable. By eye, 

the multiflora and Marri 2 honeys which had high and moderate immunostimulatory activity 

contained the highest amounts of apalbumins. Others with strong immunostimulatory activity 

including prickley box, eucalypt, and kanuka honey 2 contained high to moderate amounts of 

apalbumins. Paradoxically, Gelam honey with moderate immunostimulatory activity had low 

levels of apalbumins, whereas tallow wood honey with low immunostimulatory activity had 

moderate levels of apalbumins. NZ thyme and honeydew honeys had moderate amounts of 

apalbumins which correlated with moderate levels of immunostimulatory activity. Several of 

the honeys including NZ thyme, multiflora and Marri honey had readily detectable lower 

molecular weight bands of approximately 20-40 kDa (Figures 11.8). The bands could either 

represent novel proteins, or degraded apalbumins.  

 

 

Figure 11.7 Profiling proteins in New Zealand honeys on Tris-glycine SDS-gels. Samples of New 

Zealand honeys (12 mg) were resolved on 12% polyacrylamide Tris-glycine SDS-gels and stained 

with Coomassie blue. The sizes of the molecular weight makers are given in kDa in the left-hand 

margins.  
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Figure 11.8 Profiling proteins in international honeys on Tris-glycine SDS-gels. Samples of selected 

international honeys (12 mg) were resolved on 12% polyacrylamide Tris-glycine SDS-gels and 

stained with Coomassie blue. The sizes of the molecular weight makers are given in kDa in the left-

hand margins.  

 

The honey proteins were subsequently profiled using Tris-tricine SDS-gels to separate the 

lower molecular weight proteins, in particular apisimin. The New Zealand honeys had a 

similar profile of low molecular weight proteins. There were two prominent protein bands of 

approximately 25 kDa and 4 kDa in all the honeys, the latter presumably containing apisimin, 

as detected by protein gels (Figure 11.9). The amounts of the 4 kDa band did not correlate 

exactly with the levels of apisimin in each honey type detected by Western blotting (Figure 

11.5), suggesting the 4 kDa protein is comprised of apisimin and an unknown protein(s). The 

identity of the 25 kDa protein warrants future investigation.  

 

For presumably technical reasons the presence of the 4 kDa band in the international honeys 

was difficult to discern, appearing as a broad diffuse band (Figure 11.10). It was detectable in 

the eucalypt, Gelam, NZ thyme, prickley box, multiflora (Western Australia), and kanuka 

honeys, but its levels did not correlate with those of apisimin detected by Western blot 

analysis (Figure 11.6). The 25 kDa band was possibly present in kanuka, Gelam and 

multiflora (Western Australia) honeys, but not the other international honeys. Amber honey 

appeared not to contain detectable quantities of protein.  
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Figure 11.9 Profiling low molecular weight proteins in New Zealand honeys on Tris-tricine SDS-

gels. Samples of New Zealand honeys (12 mg) were resolved on a 6% polyacrylamide Tris-tricine 

SDS-gels and stained with Coomassie blue. The sizes of the molecular weight makers are given in 

kDa in the left-hand margins.  

 

 

 

 
Figure 11.10 Profiling low molecular weight proteins in international honeys on Tris-tricine SDS-

gels. Samples of international honeys (12 mg) were resolved on a 6% polyacrylamide Tris-tricine 

SDS-gels and stained with Coomassie blue. The sizes of the molecular weight makers are given in 

kDa in the left-hand margins. 

 

 

Conclusion 

 

The results described in this chapter demonstrate that all New Zealand and international 

honeys are capable of inducing TNF-α release from blood monocytes, except for amber 

honey. The amber honey sample appeared to be adulterated as it was non-stimulatory in 
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stimulation of TNF-α release and also contained no proteins, AGPs and apisimin. The 

different honeys differed greatly in their immunostimulatory activity, and hence are a 

valuable resource to identify and study the immunostimulatory and immunosuppressive 

components of honey. The data suggested that the levels of AGPs and apisimin alone do not 

appear to correlate with the immunostimulatory activities of the different honeys.  
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CHAPTER TWELVE 

DISCUSSION 

 

During the past three decades, natural bioactive components isolated from mushrooms, fungi, 

yeasts, algae, lichens and plants have attracted significant attention because of their 

immunomodulatory and anti-tumor activities (Xie et al., 2007). 

 

The primary aim of this thesis was to investigate the immunomodulatory properties of New 

Zealand honeys, and to identify the bioactives in honey responsible for stimulating the release 

of the pro-inflammatory cytokine TNF-α from monocytes. TNF-α is important for the 

resolution of infection, inflammation, and for the promotion of wound strength during wound 

healing (Zhou et al., 2009; Seo and Webster, 2002). Honey is a natural product which 

contains bioactive components that when isolated exert immunostimulatory and 

immunosuppressive activities (Simon et al., 2009; Othman, 2012b). However, a lack of 

knowledge of all the immunoregulatory components of honey, and their features, is a major 

obstacle to understanding the properties of different floral varieties of honey, and optimizing 

their clinical application.  

 

12.1 Profiling the immunostimulatory activities of different New Zealand honeys and 

Royal Jelly 

 

Major New Zealand honeys including manuka, kanuka, clover, and as well as Royal Jelly, 

were compared for their abilities to stimulate TNF-α release from human blood monocytes, 

neutrophils, and PBMNCs. An in vitro cell culture system was used to measure the 

immunostimulatory effects of honey samples; hence it was necessary to determine the highest 

concentration of honey that could be used, while avoiding the potentially detrimental 

cytotoxic effects of honey and Royal Jelly. The results of a WST-1 cytotoxicity assay 

indicated that a 1% (w/v) concentration of the honeys and Royal Jelly was non-toxic to all 

three cell types, and hence this concentration was used in all subsequent experiments. 

 

The three New Zealand honeys stimulated the release of very similar levels of TNF-α from 

blood monocytes, as determined by ELISA. In contrast, Royal Jelly failed to stimulate TNF-α
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 release. LPS stimulated TNF-α production whereas AH showed no stimulation. These results 

are at variance with those obtained using THP-1 cancer cells, where kanuka honey was very 

immunostimulatory, and manuka and clover honeys were very poor at stimulating TNF-α 

release (Gannabathula et al., 2012). 

 

Similar levels of TNF-α were released from PBMNCs following stimulation by the different 

honeys and LPS, whereas neutrophils released only low levels of TNF-α. Kanuka and clover 

honeys stimulated very similar levels of TNF-α release from PBMNCs and neutrophils, 

whereas manuka honey stimulated the release of half as much, or less. Royal Jelly failed to 

stimulate TNF-α release from either PBMNCs or neutrophils even though it contains 

apalbumins and apisimin. Major Royal Jelly protein 1 apalbumin (Apa1) isolated from Royal 

Jelly had been shown to stimulate macrophages to release TNF-α (Majtan et al., 2006; 

Šimúth et al., 2004). In contrast, Royal Jelly itself is immunosuppressive, as illustrated by its 

ability to inhibit the release of proinflammatory cytokines by LPS and IFN--stimulated 

mouse peritoneal macrophages (Kohno et al., 2004). Size fractionation revealed that the anti-

inflammatory activity of Royal Jelly is composed of components of low (<5 kDa) and high 

(>30 kDa) molecular weights (Kohno et al., 2004). The immunosuppressive factor was 

named factor for honeybee’s RJ-derived anti-inflammatory factor (HBRJ-AIF). Royal Jelly 

illustrates the fact that the overall immunoregulatory properties of a biological substance 

depend upon its composition of immunostimulatory and immunosuppressive components. In 

the case of Royal Jelly the immunosuppressive components are predominant, whereas in 

honey the immunostimulatory components predominate. 

 

ELISPOT assays were employed to confirm the above ELISA measurements of the release of 

TNF-α from cells stimulated by the New Zealand honeys. ELISA assays measure cytokines 

released by cells into the cell culture medium, whereas ELISPOT assays measure cytokine 

secretion by single cells. The ELISPOT assay allows the visualization of individual activated 

cells secreting a particular cytokine. The level of cytokine expression detected by ELISPOT 

is 10 to 200 times more sensitive than ELISA (Tanguay and Killion, 1994). In accord with 

the ELISA results, greated number of monocytes and PBMNCs released TNF-α than did 

neutrophils following stimulation with the honeys and LPS. Whilst there was some 

discordance between the ELISA and ELISPOT results with the various honeys, it was clear 
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that all three honeys stimulate the release of TNF-α from blood monocytes, PBMNCs, and 

neutrophils, whereas Royal Jelly is inactive. Royal Jelly was expected to be active as it 

contains high concentrations of the apalbumins and has detectable amounts of apisimin. 

However, it does not contain AGPs which are needed to synergize with apisimin. It may also 

contain unidentified immunosuppressive compounds that abrogate any immunostimulatory 

activity. 

 

The array of different cytokines and growth factors that are released by monocytes following 

stimulation by New Zealand honeys and LPS was measured by the FlowCytomix™ 

Multiplex bead-based system. New Zealand kanuka, manuka and clover honeys and LPS 

induced the release of TNF-α, IL-1β, and IL-6 from monocytes, whereas LPS induced in 

addition IL-8, IL-17A, IFN-, IL-10 and the growth factors PDGF-AA, PDGF-BB, HGF, 

VEGF-A, FGF-2, EGF and TGF-β1. The results confirm the report of Tonks et al., Tonks et 

al., 2001; Tonks et al., 2003. The results also highlight the differences between honey and 

LPS, where LPS is a potent immunostimulant capable of inducing the release of multiple 

cytokines and growth factors, whereas honeys and Royal Jelly are presumably more selective 

in the pathways they stimulate.  

 

12.2 Characterization of AGPs in honey 

 

Arabinogalactan proteins were identified in kanuka honey during an earlier study 

(Gannabathula et al., 2012; Gannabathula, 2010). The properties of honey-derived AGPs are 

poorly understood, and have yet to be studied in detail. Kanuka honey AGPs were discovered 

to be immunostimulatory, and were partially characterized for their ability to stimulate the 

release of TNF-α from monocytic cell lines. They remained a major focus of the present 

study, where a primary objective was to confirm and measure the levels of AGPs in different 

floral varieties of New Zealand honeys using rocket gel electrophoresis and ELISA assays.  

The aim was to develop the tools required by the honey industry for high throughput 

screening of honey bioactives such as AGPs to validate health claims. 

 

The levels of AGPs in kanuka, manuka, kowhai and clover honeys and Royal Jelly were 

measured by rocket gel electrophoresis based on the ability of the orange coloured Yariv 
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agent to bind and precipitate AGPs (Jermyn et al., 1975; Yariv et al., 1962). The presence of 

AGPs was identified by the formation of rocket-shaped precipitin arcs. New Zealand kanuka 

honeys were rich in AGPs whereas manuka honey contained lesser amounts, and clover 

honeys contained low amounts of AGPs. In contrast, AGPs were completely absent from 

Royal Jelly. Since the AGPs are plant-derived, it would be interesting to know whether the 

nectars and plant cells from kanuka, manuka, and clover flowers contain very different 

concentrations of AGPs. The crossed gel electrophoresis analysis indicated that the structures 

of honey AGPs are different from gum arabic AGPs.  

 

Timm et al. reported that the immunostimulatory activity of honey was due to LPS, based on 

the findings that the activity was resistant to boiling and abrogated by the addition of PmB, 

which is known to inhibit LPS (Timm et al., 2008). The immunostimulatory activity of AGPs 

derived from New Zealand kanuka honey was also shown to be resistant to boiling and 

abrogated by the addition of PmB, raising questions as to the relative contributions of AGPs 

and LPS to the immunostimulatory activity of honey. The LPS content of honeys was 

considered to be too low to have any major contribution (Gannabathula et al., 2012).  

 

One of the key aims of the thesis was to identify the means to distinguish AGPs from LPS in 

order to prove that LPS is not largely responsible for the immunostimulatory properties of 

honey. It was discovered that LPS is not bound and precipitated by the Yariv reagent, and 

hence is unlikely to be a contaminant in preparations of AGPs, which are purified by 

precipitation with the Yariv reagent. To further this goal, the ability of lactoferrin to inhibit 

the release of TNF-α from monocytic cell lines in response to stimulation by kanuka honey 

and its AGPs was examined, given that lactoferrin binds to and inhibits the activity of LPS 

(Inubushi et al., 2012; Tian et al., 2010). The results showed that lactoferrin inhibited the 

immunostimulatory activity of kanuka honey and its AGPs, a feature that is shared with LPS. 

 

Another approach was carried out to determine whether treatment with gamma irradiation 

would selectively destroy the immunostimulatory activity of LPS versus the activity of 

bioactives in kanuka honey, as a means of determining the contribution of LPS. Honey 

intended for clinical application is subjected to sterilization by gamma irradiation because it 

may be contaminated with various microorganisms (Jo et al., 2005). Most bacteria cannot 

grow in honey due to its acidic nature, high sugar content, and low water activity (Olaitan et 
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al., 2007; Henriques et al., 2006). Nevertheless, a number of studies have reported bacterial 

and fungal contamination of honey (Snowdon and Cliver, 1996; Sackett, 1919), suggesting 

that contaminated honey may act as a potential source of infection. Tonks et al. (2007) 

reported that no vegetative bacteria were observed after culture, but bacterial spores could be 

isolated, which could give rise to bacterial contamination (Snowdon and Cliver, 1996). 

Isolation of bacterial spores raises the possibility that honeys may be contaminated with 

bacteria components like LPS. Kanuka honey and LPS samples were subjected to 25 kGy 

irradiation. The results showed that gamma irradiation reduces the immunostimulatory 

activity of LPS, whereas in contrast it has no effect on the immunostimulatory activity of 

honey. This is further evidence that the immunostimulatory activity of kanuka honey is not 

predominantly related to LPS.  

 

12.2.1 Attempt to determine whether honey-derived AGPs possess a lipid moiety 

 

Kanuka honey-derived AGPs share similar properties with LPS, including binding to and 

inactivation by PmB and lactoferrin, and heat-stability, which may be properties attributable 

to a biologically active lipid moiety. This raised the question of whether honey-derived AGPs 

possess a biologically active lipid moiety. LRA, a new synthetic calcium silicate hydrate that 

has unique affinity for lipid, lipoproteins and endotoxins was employed in an attempt to 

answer this question. Depletion of lipid by LRA weakly but significantly reduced LPS-

induced release of TNF-α from blood monocytes. In contrast, the effects of LRA on the 

immunostimulatory activity of kanuka honey and its AGPs were even weaker and not 

significant. The results are therefore equivocable as to whether honey contains an 

immunostimulatory lipid, and whether honey-derived AGPs possess a lipid moiety. The fact 

that LRA did not deplete LPS activity indicates that either the amount of LRA used was 

insufficient, which seems unlikely, or that LRA binds poorly to lipid A. Zhang et al reported 

that 1 gram of LRA has the capacity to remove as high as 6 million EU of endotoxin (Zhang 

et al., 2005). The kanuka honey used in the present study contains 1,000 EU/gram of honey 

(Gannabathula et al., 2012). In the study, 100 mg of kanuka honey and 1 mg of LPS, 

expected to contain 100 EU and 10,000,000 EU of endotoxin based on 10 EU=1 ng 

endotoxin, was mixed with 100 mg of LRA. This amount of LRA is expected to remove 

600,000 EU of endotoxin. Thus, the amount of LRA used should have been more than 

sufficient to remove endotoxin in honey, and would be expected to remove 6% of the LPS 
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control. That 12% of the LPS control was removed suggested the LRA was functioning 

correctly. Zhang et al and Wang et al suggested that the removal of endotoxin by LRA can be 

greatly enhanced by the presence of electrolytes such as NaCl, Tris-HCl and Na2HPO4 

(Zhang et al., 2005; Wang et al., 2005). Since the results obtained by these research groups 

showed an improvement in removal of endotoxin by LRA when using electrolytes, it would 

be preferable to include electrolytes in future experiments.  

 

Several plant-derived AGPs contain a GPI moiety, suggesting that at least a proportion of 

honey-derived AGPs might possess a GPI moiety. The lipid portion of GPI moieties can be 

cleaved away from the carbohydrate portion by either phospholipase C or D (Lehto and 

Sharom, 2002). Here the ability of phospholipase C to release kanuka honey AGPs bound to 

a PmB column was examined, based on the premise that the AGPs would be bound to PmB 

by a lipid moiety, like LPS. Surprisingly, phospholipase C treatment of the column released 

bound material that stimulated the release of TNF-α from blood monocytes. AGPs could not 

be detected in this fraction by rocket gel electrophoresis. The results suggested that the 

immunostimulatory component within kanuka honey may have two lipid components, 

namely one that binds it to the PmB column, and one that stimulates leukocytes (following 

release with phospholipase treatment). Further work is required to determine the PmB-

binding and immunostimulatory components of the honey AGP fraction.  

 

12.3 Discovery that apisimin is a novel immunostimulatory component of honey 

 

Analysis of the fractions obtained during the purification of AGPs from kanuka honey 

suggested that AGPs are minor immunostimulatory components of honey, and that other 

immunostimulatory components are largely responsible for the bulk of the activity. The 

factors responsible for the proinflammatory activity of honey are controversial. A 5.8 kDa 

component of manuka honey was shown to be capable of stimulating TNF- release from 

monocytes (Tonks et al., 2007). These authors reported that the 5.8 kDa component was not a 

lipopolysaccharide, protein, vitamin or mineral. In the present study, evidence has been 

provided that the 5.8 kDa component identified by Tonks et al. is apisimin, a small 

polypeptide secreted from the hypopharyngeal and mandibular glands of nurse and forager 

honeybees. Apisimin had been reported to form an immunostimulatory complex with the 

Royal Jelly and honey protein Apa1 (Tamura et al., 2009b).  
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Apisimin had been reported to form a self-associated complex of 30 kDa (Bilikova et al., 

2002). In accord, synthetic apisimin migrated as a broad high molecular weight protein 

complex of around 30 kDa on a non-denaturing polyacrylamide gel, despite the fact that it is 

only a 54 amino acid residue peptide with a predicted molecular weight of 5.8 kDa. In 

marked contrast, it migrated as a homogeneous low molecular weight band of less than 6 kDa 

on a denaturing SDS–polyacrylamide gel. Thus apisimin appears to form oligomers as 

reported by Bilikova et al. The apisimin band on the denaturing gel was broad, presumably 

because the peptide forms oligomers containing different numbers of the apisimin peptide. 

Samples of kanuka honey and Royal Jelly were shown by SDS-PAGE to contain a low 

molecular band similar in size to apisimin. Western blot analysis using a commercially 

prepared mouse anti-apisimin polyclonal antiserum revealed that apisimin was present in 

New Zealand honeys. The complex remained together on non-denaturing gels with treatment 

with DTT suggesting that interchain disulphide-bonding is not a prerequisite for complex 

formation. 

 

Apisimin was found to stimulate the release of TNF-α from monocytes in a concentration-

dependent fashion, with similar activity to that of the kanuka honey AGPs. Apisimin was 

found to be insensitive to PmB in accord with the fact that it has no resemblance to LPS. 

 

The notion that apisimin might synergize with honey-derived AGPs to stimulate release of 

TNF-α from blood monocytes was tested. Surprisingly, apisimin (5μg/mL) strongly 

synergized with kanuka honey AGP (5μg/mL) to increase TNF-α release, which was 

comparable to the effect achieved with 1% of kanuka honey. Thus, together they make a 

major contribution to the immunostimulatory properties of honey. In contrast, apisimin did 

not synergize with gum arabic, which has negligible immunostimulatory activity comparable 

to that of artificial honey. The synergistic stimulation of TNF-α release by the combination of 

apisimin and honey AGPs was almost completely abrogated by PmB.  

 

The above results were obtained by ELISA analysis and confirmed with ELISPOT assays.  

Apisimin was shown not to bind honey AGPs in a ligand-binding assay, suggesting that 

apisimin synergizes with AGPs to enhance the release of TNF-α from monocytes via a 
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mechanism that does not involve forming a complex with AGPs. The ability of apisimin to 

self-associate to form oligomers may play a role in its immunostimulatory ability, as 

immunostimulators are often polyvalent causing cross-linking of receptors at the cell-surface 

(Mammen et al., 1998). 

 

There is very little information in the published literature regarding the biological properties 

and role of apisimin. As mentioned previously, it was reported to form a complex with Apa1 

that enhances and sustains the proliferation of the human lymphoid cell line Jurkat (Tamura 

et al., 2009b). The unidentified 5.8 kDa protein from manuka honey reported by Tonks et al., 

which may represent apisimin, stimulated a human monocytoid cell line to release TNF-α via 

a TLR-mediated mechanism (Tonks et al., 2007). The results also suggest that the 

apalbumins themselves may not be immunostimulatory as reported (Majtan et al., 2006), but 

rather their activity is due to their association with apisimin (Tamura et al., 2009b). The brief 

analysis by Tonks et al. concluded that apisimin was unlikely to be a protein, but apisimin 

lacks tryptophan and tyrosine residues which render it silent at A280 nm. Monosaccharide 

component analysis revealed the presence of monosaccharides (Tonks et al., 2007), which is 

in accord with the extensive potential serine/threonine and asparagine sites within apisimin 

for N- and O-linked glycosylation, respectively. In a future study it will be important to 

determine whether natural apisimin is glycosylated, and whether glycosylation affects its 

immunostimulatory activity, and associations with other honey components. 

 

12.4 Determination of the LPS content of honeys and correlation with 

immunostimulatory activity 

 

A wide variety of different honeys are currently used worldwide to treat many different types 

of wounds. In Europe and Australia, Medihoney was the first medically-certified honey 

licensed as medical products for wound care (Simon et al., 2009). Contamination of medical 

honeys with LPS is an important issue for the medical honey industry, as LPS contamination 

is an indicator of bacterial contamination. LPS can cause septic shock as it is pyrogenic even 

though the material is sterile. Measurement of endotoxins is generally performed by the LAL-

based assay devised by Bang (Bang, 1956). Kinetic turbidimetric and kinetic chromogenic 

methods were developed (Milton et al., 1992), and are widely used to measure endotoxins in 

environmental samples. It was subsequently reported that (1-3)-β-D-glucans interfere with 
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the assay, giving false positive results (Alwis and Milton, 2006; Cooper et al., 1997).  Honey 

contains β-glucans (Low et al., 1988), which may lead to false-positive results in the 

measurement of LPS levels.  

 

It is important to be able to accurately measure endotoxin levels in medical honeys. The 

present study compared the classical gel clot-based LAL assay and the new kinetic 

chromogenic LAL assay for their ability to measure LPS contamination of Medihoney 

supplied by Comvita. As mentioned, β-D-glucans are reported to interfere with the latter 

assays (Roslansky and Novitsky, 1991), hence an investigation was conducted to determine 

whether AGPs in honey might also interfere with the assays. The abilities of different 

Medihoneys to stimulate TNF-α release from blood monocytes was determined, and 

correlated with the measured levels of LPS in the honeys.  

 

Seven of the 11 Medihoneys tested induced TNF-α release from blood monocytes, and while 

there was not an exact association, it was nevertheless clear that the levels of TNF-α release 

roughly correlated with the endotoxin content of the honeys as measured by the classical gel 

clot assay. However, the endotoxin levels in the Medihoneys obtained using the chromogenic 

method, which utilizes the Endosafe PTS system, were overall much lower (up to 45-fold 

less) than the endotoxin levels obtained using the gel clot assay. This is likely due to the 

semi-quantitative nature of the gel clot method that can severely overestimate the endotoxin 

concentration in a sample (Alwis and Milton, 2006). The relatively large difference in 

endotoxin levels reported by the gel clot versus kinetic chromogenic assays is cause for 

concern. Further investigation is required to identify the causes for these differences, and 

ultimately to determine which method is the most accurate.  The study confirmed that AGPs 

do not behave like glucans and interfere with the LAL assay, indicating that another 

carbohydrate component may be responsible for the over-estimation of endotoxin content 

obtained with the gel clot-based LAL assay. 

 

Surprisingly, the wound gel Medihoney examined in this study had a low endotoxin 

concentration of just 1.5 EU/mL, which reduced to 0.8 EU/mL when potential interference by 

glucan-like molecules was blocked. This honey is believed to contain 20% natural gelling 

agents such as alginates (http://www.dermasciences.com/pdf/Medihoney-FAQ-2013.pdf) 
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which may bind endotoxins and make them unavailable for detection; albeit this notion has 

not been tested.  

 

Clearly, the choice of the detection method can greatly influence the assessment of endotoxin 

content in honeys. The high levels of endotoxin detected by the gel clot method compared 

with the Kinetic chromogenic LAL assay suggests the gel clot method is too imprecise to 

quantify endotoxins in honey. Shintani (2013) proposes that of the two methods the Kinetic 

LAL assay is the preferred method. The gel clot method is a semiquantitative method which 

determines the lowest two-fold dilution where the gel-clot forms. Several factors can 

influence the LAL assay of honey and should be taken into consideration. It is important to 

note that the low pH of honey samples has to be buffered to keep it in a range that is suitable 

for the LAL assay. Blocking of the Factor G pathway of LAL with carboxymethylated 

curdlan can eliminate false positive results due to glucan-like components in honey.  

 

There is still a great deal of work needed to establish the degree of contamination of New 

Zealand and global medical honey products, and alginate dressings by endotoxins, and to 

determine whether and how contamination is influenced by the different steps involved in the 

harvesting and processing of honey.  

 

12.5 Immunostimulatory signals from honey and its bioactives are partially mediated by 

TLRs 

 

Data in this study has shown that most varieties of honey can stimulate human monocytes to 

express TNF-α. The mechanisms by which honey stimulates cells to release TNF-α are not 

well understood. Tonks et al. is the only group so far to have proposed a potential mechanism 

(Tonks et al., 2007). They revealed that manuka honey and its immunostimulatory 5.8 kDa 

component stimulate TNF-α release from monocytes via an interaction with TLR4, a receptor 

that detects LPS and stimulates innate immunity (Medzhitov, 2001). The present study sought 

to determine the mechanism by which different New Zealand honeys, honey-derived AGPs, 

and apisimin stimulate TNF-α release from monocytes. The four TLR signalling inhibitors 

CU-CPT22, IAXO-101, CLI-095 and LPS-RS were each tested for their ability to inhibit 

TNF-α release from monocytes induced by NZ honeys and their bioactive components. CU-

The TLR1/TLR2 inhibitor CPT22 at low concentration, where it presumably retains 
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specificity, had no effect on LPS-induced release of TNF-α, whereas TNF-α release induced 

by kanuka, manuka and clover honeys was significantly reduced by 50 to 95%. IAXO-101, 

which is a potent inhibitor of  CD14 and TLR4 ligand-binding, weakly to moderately 

inhibited LPS- and honey-induced release of TNF-α, whereas the TLR4 inhibitors CLI-095 

and LPS-RS completely abolished the abilities of LPS and all three New Zealand honeys to 

induce the release of TNF-α from monocytes. The extreme effects of CLI-095 and LPS-RS 

raise the possibility that the latter agents simply killed the cells, a notion which will need 

testing. CU-CPT22 appears to be the most credible inhibitor of the immunostimulatory 

activities of the honeys. CU-CPT22 has been shown to compete with the synthetic triacylated 

lipoprotein (Pam3CSK4) for binding to TLR1/2 with potency and specificity (Cheng et al., 

2012). Thus, the data suggests that New Zealand honeys largely stimulate TNF-α release 

from monocytes in a TLR1/2-dependent fashion. The results suggested that honey stimulates 

monocytes via both TLR1/2 and TLR4 pathways. In accord, all four TLR signalling 

inhibitors greatly reduced release of TNF-α induced by apisimin alone and in combination 

with AGPs.  Unfortunately, the kanuka AGP preparation appeared to lose its activity over 

time, thus the TLR-dependency of AGP-induced signalling pathways in isolation was not 

tested.  

 

The above four TLR inhibitors were used in this study to determine the mechanism by which 

New Zealand honeys stimulate the release of TNF-α, given that TLRs detect bioactive 

proteins and LPS. Further, Tonks et al. had reported that a 5.8 kDa component of honey 

stimulated a human monocytoid cell line to release TNF-α via a TLR-mediated mechanism 

(Tonks et al., 2007). The results demonstrated that honey stimulates monocytes via both 

TLR1/2 and TLR4 receptors and suggests that TLRs play an important role in the mechanism 

by which honey stimulates leukocytes. 

 

12.6 MGO and chrysin suppress the immunostimulatory activity of honey 

 

The overall immunoregulatory property of honey depends upon a balance between 

components that are immunostimulatory and those that are immunosuppressive. The bulk of 

this study focused on identifying and characterizing components in honey that stimulate the 

release of TNF-α from blood cells. However, it is just as important to investigate the 

immunosuppressive components in honey, and to determine how they affect the activities of 
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the immunostimulatory components. Two well-known immunosuppressive components of 

honey, namely MGO and chrysin (Bean, 2012; Woo et al., 2005), were investigated for their 

ability to inhibit the immunostimulatory activities of LPS, and kanuka honey and its bioactive 

components. MGO and chrysin proved to be potent suppressors. They strongly inhibited 

TNF-α release from monocytes induced by LPS, kanuka honey and kanuka honey derived 

AGPs whereas they only moderately suppressed the activity of apisimin. Chrysin was more 

effective than MGO at inhibiting the activity of apisimin. MGO and chrysin in combination 

showed additive effects in inhibiting TNF-α release induced by LPS, kanuka honey, and 

apisimin, and the combination of apisimin and kanuka honey-derived AGPs.  

 

MGO-related compounds including glyoxal, and the MGO metabolite glycolic acid and the 

precursor DHAP were investigated for their ability to inhibit TNF-α release from monocytes 

induced by LPS, kanuka honey and apisimin. Glyoxal completely inhibited the 

immunostimulatory activity of LPS and kanuka honey, whereas it moderately reduced the 

activity of apisimin. In contrast, glycolic acid and DHAP only weakly reduced release of 

TNF-α from monocytes induced by LPS and kanuka honey, and had no statistically 

significant effect on the activity of apisimin. The data suggest that the glyoxal part of MGO is 

active and inhibits the immunostimulatory activity of LPS and kanuka honey. 

 

As reported by others, the content of DHAP in manuka honey samples was determined to 

range from 130 to 2,700 g/g, whereas the MGO content varied from 38 to 761 g/g (Atrott 

et al., 2012). In non-manuka honeys MGO levels range from 0 to 5.7 g/g (Weigel et al., 

2004; Mavric et al., 2008). There was a good linear correlation between DHAP and MGO 

levels in commercial manuka honeys, with a mean ratio of DHAP to MGO of 2:1. Thus 

DHAP is a mostly inactive store of MGO, where the immunosuppressive activity of manuka 

honey due to MGO production might be expected to increase with aging. However, this 

would be balanced by the metabolism of MGO to the mostly inactive metabolite glycolic 

acid. In contrast glyoxal levels in manuka honey range from 0.7 to 7 g/g (Mavric et al., 

2008), indicating that while it is a very potent immunosuppressive factor it is present at 

comparatively low levels in manuka honey compared to MGO. In non-manuka Italian honeys 

the levels of MGO and glyoxal are very similar at 0.2 to 2.9 and 0.1 to 10.9 g/g, respectively 

(Arena et al., 2011), hence it is the combination of both compounds that contributes to the 



  Chapter Twelve   

245 

 

immunosuppressive activity of such honeys. Chrysin was found to be present in a wide range 

of different honeys at 0.2 to 1.3 g/g (Campillo et al., 2015; Chan et al., 2013a). In contrast, 

it was present at very high concentrations (1 mg/g) in eucalyptus honey (Gambelunghe et al., 

2003). The lowest concentration of MGO and chrysin used in the present study was 1 µg/mL, 

which showed immunosuppressive activity confirming that these two compounds are potent 

immunosuppressors. In contrast, the concentrations of glyoxal (100 μg/mL) used in the study 

were excessive, and hence future experiments will need to determine whether natural 

concentrations have an inhibitory effect on the immunostimulatory activity of honey and its 

bioactives.  

 

It will be important to determine whether the concentrations of MGO and chrysin employed 

have a direct effect on cell viability. It was reported that chrysin at a concentration of 20 µM 

(5 g/ml) had no significant effect on the viability of macrophages, but was cytotoxic at 50 

µM (Warat et al., 2014). MGO at concentrations of 300 µM (22 g/ml) or higher were found 

to have toxic effects on hybridoma cell cultures, with a median inhibitory concentration of 

490 µM (Roy et al., 2004). In contrast, MGO at a 1 mM concentration had no significant 

effect on the human hepatocyte cell line, but was proapoptotic at 3 mM HepG2 (Seo et al., 

2014). A one hour treatment with MGO at 2.5 mM had no detectable effects on the viability 

of L6 muscle cells (Riboulet-Chavey et al., 2006). As mentioned previously, in the present 

study the lowest concentration of MGO and chrysin used was 13.6 µM and 4 µM (1 µg/mL), 

which given the above would not be expected to have an effect on cell viability. 

Nevertheless, the sensitivity of blood monocytes to different levels of MGO and chrysin will 

need to be determined in future experiments. 

 

12.7 Comparison of the immunostimulatory activities of panels of New Zealand and 

“international” honeys 

 

Nine New Zealand commercial honeys (5 manuka honeys, 3 clover honeys, and liquid honey) 

and 69 international honeys including 21 New Zealand honeys were examined for their 

immunostimulatory activity. The commercial New Zealand honeys had similar 

immunostimulatory activities, though Redseal and Doctor manuka honeys, and Airborne 

clover honey were marginally more active. 
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All honeys including 21 New Zealand honeys induced TNF-α release from blood monocytes, 

except for amber honey originating from Malaysia. The different honeys differed greatly in 

their immunostimulatory activity. Tallow wood honey had the lowest immunostimulatory 

activity after amber honey, followed by Quillay and Apiter honeys. Honeys that displayed 

strong immunostimulatory activity included prickley box, multiflora, and clover NI. Other 

honeys with moderate activity included Tasmanian manuka, eucalypt, Sidr, NZ ling, one of 

the NZ manuka honeys, two of the three rewarewa honeys, and Marri 4 honey (one of four 

Marri honeys). There was a surprising difference in the activities of multiple samples of a 

particular honey type. Thus, the activities of 3 jellybush honeys different almost 2-fold, 2 

jarrah honeys differed by 2-fold, 4 Marri honeys differed by 4-fold, 2 Ulmo honeys by 2-fold, 

New Zealand kanuka honeys by 3-fold, and New Zealand manuka honeys by almost 3-fold. 

Differences in activity could be due to the floral source which is rarely pure, aging, or 

adulteration of the honeys, which would be expected to alter the levels or activities of honey 

bioactives.  

 

The levels of AGPs and apisimin in the commercial honeys and some of the world honeys 

were determined to provide a potential explanation for the difference in their 

immunostimulatory activity. The data suggested that the levels of AGPs and apisimin did not 

appear to correlate with the immunostimulatory activities of the honey. Amber honey appears 

to be strikingly unusual as it did not contain detectable levels of either AGPs or apisimin.  

The overall protein profile of the New Zealand and world honeys was subsequently 

determined, in order to determine whether the proteins they contain are similar, whether they 

were degraded, and importantly whether they contain similar levels of the major honey 

proteins, the apalbumins, and the minor protein apisimin.  All of the New Zealand honeys had 

an almost identical protein profile, with similar levels of apalbumins. They each contained 

two additional high molecular weight band of 100 kDa of unknown identity. In contrast, the 

levels of apalbumins in the world honeys were quite variable. The honey proteins were 

subsequently profiled using Tris-tricine SDS-gels to separate the lower molecular weight 

proteins, in particular apisimin. The New Zealand honeys had a similar profile of low 

molecular weight proteins. There were two prominent protein bands of approximately 25 kDa 

and 4 kDa in all the honeys, the latter presumably containing apisimin, as detected by 

Western blotting. The amounts of the 4 kDa band did not correlate exactly with the levels of 
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apisimin in each honey type detected by Western blotting, suggesting the 4 kDa protein is 

comprised of apisimin and an unknown protein(s). The identity of the 25 kDa protein 

warrants future investigation.  

 

For presumably technical reasons the presence of the 4 kDa band in the world honeys was 

difficult to discern, appearing as a broad diffuse band. It was detectable in the eucalypt, 

Gelam, NZ thyme, prickley box, multiflora (Western Australia), and kanuka honeys, but its 

levels did not correlate with those of apisimin detected by Western blot analysis. The 25 kDa 

band was possibly present in kanuka, Gelam and multiflora (Western Australia) honeys, but 

not the other world honeys. Once again, amber honey appeared not to contain detectable 

quantities of protein.  

 

The differences in the compositions of the world honeys indicate the importance for simple 

assays to be established to measure the bioactivities of the different honeys to satisfy the 

consumer and the honey industry. The authenticity of the amber honey sample is suspect. It 

did not contain the major apalbumins or any other protein. Amber is simply a colour 

designation and provides no clue to the floral source of the honey.  

 

12.8 A preliminary pilot study suggests oral deposition of commercial honey bee 

products has no immunostimulatory effect, and little effect on caries-forming bacteria   

 

A preliminary pilot study was conducted to determine the ability of Comvita honey bee 

products including manuka honey lozenges, manuka UMF 5+ honey, manuka UMF 15+ 

honey, clover honey, propolis elixir, propolis extract, propolis oral spray, and olive leaf 

extract to release cytokines and growth factors from the oral cavity, and deplete the caries-

forming bacteria Streptococcus mutans and Lactobacilli. The pilot study included only two 

participants, which meant that statistical significance could not be assessed. The data 

suggested that there was no marked consistent change in the levels of TNF-α, IL-1β, IL-10, 

HGF, EGF, VEGF and PDGF-AA in the oral cavity following administration of the Comvita 

products.  

 

Data from the Synder test suggested that of the commercial products tested, only  propolis 

elixir potentially has a suppressive effect in inhibiting oral lactobacilli. The assay was 
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confounded by the irreproducibility of colour changes of the agar for P1 from day to day, 

presumably due to the influence of diet and oral hygiene/health. This type of influence 

became blindingly obvious when P2 mistakingly ate lactobacilli-containing yoghurt for lunch 

causing the agar containing the lunchtime saliva sample to turn bright yellow. Otherwise, 

data from P2 was noninformative due to low levels of lactobacilli that were not sufficient to 

change the colour of the agar from blue-green to yellow. If a future screen were to be 

conducted then participants would need to be carefully screened for their levels of 

lactobacilli, and only those with sufficient oral lactobacilli to turn the agar bright yellow 

should be recruited. 

 

Data from the dentocult strip mutans assay suggested that none of the products tested had a 

consistent affect on the numbers of mutans streptococci. The Dentocult SM strip assay is very 

dependent on the ability of the participants to reproducibly swab their oral cavity with the 

strips to consistently transfer bacteria, which may have created variability in the results. 

 

12.9 Final conclusions and Implications of experimental findings 

 

This study has shown that most international honeys including New Zealand honeys possess 

immunostimulatory properties. All of the New Zealand honeys have similar 

immunostimulatory activity, unlike their anti-microbial activity where manuka honey has 

been proven to be superior. However, the various honeys differed greatly in their activity 

depending on the floral variety. Even honeys of the same floral variety were found to differ in 

their immunostimulatory activity. 

 

The affect of honey on wound healing may in part be related to the ability of honey to 

stimulate the production of proinflammatory cytokines from monocytic cells. The ability of 

honey to stimulate the expression of proinflammatory cytokines may be important in immune 

control over infection of wounds. Neutrophils are the first immune cells to enter a wound, yet 

they are cells which respond the most poorly to stimulation by honey. Therefore, in terms of 

application of honey to wounds, it might be preferable to wait for several hours for 

monocytes to arrive before applying honey in order to maximize the release of 

proinflammatory cytokines. Future studies could investigate the heterogeneity amongst the 

different leukocyte types in terms of their response to honey, in order to determine whether it 
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is possible to treat nonresponsive immune cells with agents that would render them sensitive 

to the affects of honey. 

 

This study has revealed for the first time that kanuka honey is particularly enriched with 

AGPs. A high AGP content may endow kanuka honey with certain physical properties, as 

AGPs have been widely used in industrial and food applications due to their emulsifying, 

adhesive, and water-holding properties (Ellis et al., 2010). 

 

This study has also revealed for the first time the striking similarity between the properties of 

New Zealand kanuka honey AGPs and LPS, including the ability to stimulate monocytes to 

release TNF-α, to bind polymyxin B and lactoferrin, and to resist heat denaturation. It is 

proposed that this similarity has confounded past research, leading some to propose that LPS 

which can contaminate honey is totally reponsible for the immunostimulatory activity of 

honey. 

 

For the first time,  it has been revealed that the differing sensitivity of the immunostimulatory 

activities of LPS and AGPs to irradiation can distinguish honey AGPs from LPS, and 

confirmed that the major immunostimulatory component of honey is not related to LPS. 

Finally the data suggested that that the immunostimulatory activity of kanuka honey is not 

entirely related to AGPs alone. 

 

Further the study identified apisimin as a novel 5.4 kDa immunostimulatory component of 

New Zealand honey, reminiscent of an unidentified 5 kDa immunostimulatory component 

previously reported by Tonks et al (2007). Whilst Royal Jelly contains apisimin, Royal Jelly 

was non-stimulatory in that it failed to stimulate release of TNF-α from monocytes. This 

study has provided evidence that AGPs and apisimin are commonly present in different 

varieties of honey, and contribute to their immunostimulatory properties. The data to date 

indicate that the immune-stimulatory properties of honey arise from a synergism displayed by 

its various bioactive components, including AGPs, apisimin, apalbumins, and any 

contaminating LPS. 

 

This study confirmed that the New Zealand honeys were able to stimulate the release of TNF-

α, IL-1β, and IL-6 from monocytes, as previously reported (Tonks et al., 2001; Tonks et al., 
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2003). In contrast, the honeys failed to induce the release of IL-17A, IFN-γ, IL-10, and the 

growth factors PDGF-AA, PDGF-BB, HGF, VEGF-A, FGF-2, EGF and TGF-β1. LPS was 

able to stimulate the release of all the latter factors, as reported previously (Rossol et al., 

2011; Seow et al., 2013; Itaya et al., 2001; Nagaoka et al., 1991). For the first time our results 

highlight a difference between honey and LPS, indicating that LPS is either not a major 

immunostimulatory component of honey or its immunostimulatory activity is inhibited by 

other honey components. 

 

This study showed a large difference in endotoxin levels obtained using the chromogenic 

method versus the gel clot assay. Further investigation is required to identify the cause of this 

difference, and ultimately to determine which method is the most accurate. 

 

New Zealand honeys and their bioactives apisimin and AGP were found to stimulate TNF-α 

release from monocytes via an interaction involving the TLR4 and TLR1/ TLR2 receptors. 

The data supported the report of Tonks et al. that honeys stimulate TNF-α release from 

monocytes via an interaction with the TLR4 receptor (Tonks et al., 2007). 

 

This study showed for the first time that MGO and chrysin even at low concentration can 

inhibit TNF-α release from monocytes induced by LPS, kanuka honey, and kanuka honey-

derived AGPs, whereas they only moderately suppress the activity of apisimin. MGO and 

chrysin together have an additive effect in inhibiting TNF-α release. 

 

This study, together with previous reports, highlights the fact that honey is a complex mixture 

of proinflammatory and anti-inflammatory bioactive components, the balance of which may 

differ depending on the particular floral nectars that are gathered by honeybees, and the 

products secreted by the honeybees themselves. This is particularly evident for manuka 

honey which contains a very high concentration of MGO, and for kanuka honey which 

contains high concentrations of AGPs. Thus there is a need to provide standards for the 

industry and consumer, where protein content and bioactivity can be reported and assured. 
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12.10 Future Directions 

 

Future studies are required to determine the specific quantities of honey bioactive 

components in a broader range of honey varieties, their effects on health and well-being, and 

their potential application, including their contribution to the treatment of wounds. The 

effects of steps in the harvesting and processing of honey on the content and activity of honey 

bioactives deserves attention.  

 

Further studies are required to investigate the nature of the potential lipid moiety associated 

with honey-derived AGPs. This might involve fractionation of the AGPs that contain a lipid 

moiety and analysis by mass spectroscopy, or other analytical techniques. 

 

A full proteomic analysis of several varieties of honey is required, which would also lead to 

the identification of the 25, and 100 kDa proteins observed by SDS-PAGE in the present 

study. Such a study might uncover other protein bioactives worth studying. 

 

The large variation in the endotoxin levels obtained with the gel clot-based versus kinetic 

chromogenic assay is cause for concern for the honey and food industries. Further 

investigation is required to identify the causes for these differences, and ultimately to 

determine which method is the most accurate. Further research is necessary to test a larger 

number of medical honey samples in order to establish what the usual endotoxin background 

concentration is, what extreme values can be expected, what an acceptable level of 

endotoxins is, and how honey harvest and processing steps influence the levels.  

 

A larger clinical trial will need to be carried out to investigate whether propolis elixir and 

manuka honey lozenges actually have potential in suppressing caries-forming lactobacilli in 

the mouth. If so, they could be formulated into mouth washes to improve oral health.
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CHAPTER THIRTEEN 

IMMUNOSTIMULATORY AND ANTIBACTERIAL EFFECTS OF 

ORAL DEPOSITION OF COMVITA HONEY-BASED PRODUCTS  

 

This chapter describes a preliminary pilot study which sought to determine the ability of 

commercial honey products to release cytokines and growth factors from the oral cavity, and 

to deplete the caries-forming bacteria Streptococcus mutans and Lactobacilli. The linings of 

the nose, sinuses, mouth, throat, and gingiva of the teeth are common sites for viral and 

bacterial infection (Marsh & Martin 1984; Gwaltney Jr, et al., 1994; Cauwenberge & Ingels, 

1996; Rowland, 1999). The immune defense of these regions is critical in protecting the body 

against infection, and forms part of the mucosa-associated lymphoid tissue. Manuka honey 

has well-established anti-microbial properties, and recently reported proinflammatory and 

immunoregulatory properties, suggesting it could potentially be used to prevent and/or treat 

infections of the oral and nasal cavities. Honey is widely sold as lozenges to treat sore throats, 

coughs and colds, and promote immune health, and is incorporated into toothpaste to prevent 

gum infection and tooth decay. Despite the marketing claims there is no information on how 

these honey healthcare products affect the immune health of the oral cavity. A manuka honey 

solution applied to the nasal respiratory mucosa of rabbits did not show any histological 

evidence of epithelial injury, suggesting honey is safe to apply to mucosal surfaces (Kilty et 

al. 2010).  

 

13.1 Introduction 

 

Upper respiratory tract infection (URTI) or the common cold is one of the world’s most 

prevalent viral illnesses that affects persons of all ages (Simasek and Blandino, 2007). Adults 

have an average of two to four episodes per annum, whereas young children may have as 

many as six to eight episodes. URTI is caused by various respiratory viruses including 
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rhinovirus, adenovirus, bocavirus, coronavirus, enterovirus, human metapneumovirus, 

influenza virus, parainfluenza virus, and respiratory syncytial virus (RSV), but most 

commonly by a rhinovirus (Cotton et al., 2008). Colds are usually a mild illness characterized 

by sore throat, low-grade fever and malaise followed by cough, nasal congestion and runny 

nose. These symptoms will normally peak around day 3 to 4 and start to resolve by day 7 

(Heikkinen and Järvinen, 2003).  

 

Natural history data suggests that cough is extremely common in all ages. It results in 

discomfort and often disrupts sleep. As a result children miss their daycare or schooling, and 

parents miss a day of work. For some, chronic cough leads to a profound loss of quality of 

life, which may last longer than eight weeks. In an attempt to treat cough caregivers 

frequently administer over-the-counter medications with their attendant risks (Warden et al., 

1997; Rimsza and Newberry, 2008; Vernacchio et al., 2008; Gunn et al., 2001; Pender and 

Parks, 1991), and lack of proven efficacy (Yoder et al., 2006; Paul et al., 2007; Warren et al., 

2007). Each year billions of dollars are spent on medicines to prevent and control cough, but 

the effectiveness of cough medicines is not clear (Morice, 2002).  

 

There is increasing interest in the use of complementary and alternative medicines for the 

treatment of URTIs. Studies of a variety of herbal remedies have given conflicting results 

(Mullins and Heddle, 2002; Ang-Lee et al., 2001; Carr and Nahata, 2006). Some caregivers 

use home remedies such as such as cloves, honey, lemon and licorice to treat URTIs. In many 

cultures, honey is an alternative remedy to treat URTIs, including colds and coughs (Pfeiffer, 

2005). The World Health Organization has noted that honey is an inexpensive, popular, safe 

(excluding infant population) remedy for treating cough and cold symptoms (World Health 

Organization 2001). 

 

Honey has been tested in a small number of clinical trials that showed a positive outcome in 

the treatment of URTI.  In 2007, Paul et al compared the ability of honey and 

dextromethorphan to improve the nocturnal cough and sleep quality of 105 children (Paul et 

al., 2007). The data suggested that there was no significant difference between the treatments, 

but the parents rated honey treatment as more favourable than dextromethorphan for 

symptomatic relief (Paul et al., 2007). Another study compared the effect of honey, no 

treatment, dextromethorphan, and diphenhydramide on 139 children aged 24-60 months 



Chapter Thirteen 

318 

 

suffering from coughing due to URTIs. The data suggested that the intake of a 2.5 mL dose 

of honey before sleep has a more alleviating effect on URTI-induced cough than does 

dextromethorphan and diphenhydramide (Shadkam et al., 2010). A randomized controlled 

trial was conducted to compare the effect of a one day treatment of honey, with no treatment, 

or dextromethorphan treatment on 108 children aged 2 to 18 years. The results concluded that 

honey, but not dextromethorphan, was better than no treatment for nocturnal cough in 

children with URTIs (Axelsson, 2008). Recently a double-blind randomised controlled trial 

was conducted to compare honey versus placebo on 300 children aged 1 to 5 years with 

URTIs, nocturnal cough and illness. The results concluded that honey was more effective 

than placebo in alleviating cough (Cohen et al., 2012).  

 

Honey not only has use in wound healing, but has potential in the treatment of oral disease 

(Molan, 2000). The most common diseases of oral health are gum disease and dental caries, 

which is caused by a specific type of acid-producing bacteria such as Streptococcus mutans 

(Loesche, 1986; Forssten et al., 2010), and by Lactobacilli (Piwat et al., 2010; Badet and 

Thebaud, 2008). Nayak et al. reported that manuka honey mouthwash reduced plaque 

(bacterial biofilm) formation as well as chlorhexidine mouthwash, and significantly better 

than did xylitol chewing gum (Nayak et al., 2010).  

 

The objective of this study was to investigate the ability of commercial products from 

Comvita including manuka honey lozenges, manuka UMF 5+ honey; manuka UMF 15+ 

honey, clover honey, propolis elixir, propolis extract, propolis oral spray, and olive leaf 

extract to stimulate the release of cytokines and growth factors into saliva following oral 

deposition. The Snyder test was employed to estimate the effects of the commercial products 

on numbers of oral lactobacilli, and the Dentocult SM Strip mutans assay was used to 

evaluate effects on the number of mutans streptococci. The aim was to determine whether the 

products had any marked effect on cytokine/growth factor levels and bacterial numbers that 

would justify the expense of undertaking a much larger study.  

 

Ethics approval was obtained to screen 40 human volunteers for their reponse to the 

commercial products supplied by Comvita. However, it was decided to initially test the trial 

procedures on just two individuals, before involving the entire cohort in the study. In this way 

the operator was able to ensure the procedures were optimal and the assays were working. 
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The two volunteers were initially subjected to skin prick tests to ensure they were not allergic 

to any of Comvita’s commercial products. As below, the results from the practice “pilot” 

study were not encouraging, and hence the funder understandably decided they did not want 

to invest in a larger study to screen the entire cohort. It is conceded that incremental changes 

could not be determined given that the pilot study included only two participants, which also 

meant that statistical significance could not be assessed.  

 

13.2 Effects of oral deposition of commercial honey bee products on cytokine release 

into saliva 

 

13.2.1 Methods 

 

Saliva samples of 1 mL were collected from two healthy participants into a sterile Eppendorf 

tube at 5 time-points immediately before and 2 h after oral deposition of Comvita honey-

based products (Chapter 2 Section 2.2.6.1). Each Comvita product was administered on a 

different day. Five samples were also collected at 2 h intervals from the same participants 

who were left untreated to provide a reference for changes in cytokine/growth factor 

expression during the day. A 500 μL aliquot of each saliva sample was stored at -80°C, for 

subsequent measurement of its content of cytokines and growth factors. The cytokines and 

growth factors were measured using the FlowCytomix™ Multiplex bead-based immunoassay 

and Flowcytomix Pro Software 3.0 (eBioscience) (Section 2.2.4.9). The software 

automatically calculates the sample mean fluorescent curves for each cytokine. Data was 

included where the mean fluorescence intensity (MFI) of the samples was within the range of 

the standard curve.  

 

13.2.2 Results and Discussion 

 

HGF was present at very different levels in the saliva of the two participants, ranging from 

1,000 to 12,000 pg/mL (Figure 13.1A). Its expression did not vary greatly throughout the 

day, or between days (Figures 13.1A-I). Further, there was no marked consistent change in 

the levels of HGF in the saliva following administration of the Comvita products (Figures 

13.1 B-I). 
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EGF was present at very similar levels in the saliva of the two participants (1,300 to 2,350 

pg/mL), and did not vary greatly throughout the day, or between days (Figures 13.2A-I). 

Propolis oral spray (Figure 13.2D) and to a lesser extent, manuka honey UMF 15+ (Figure 

13.2G), induced a gradual increase in EGF expression during the day, reaching a 1-fold 

increase in the case of the propolis oral spray. The other products did not induce any marked 

changes in EGF expression. 

 

VEGF was present at very similar levels in the saliva of the two participants (800 to 1,500 

pg/mL), and did not vary greatly throughout the day, or between days (Figures 13.3A-I). 

Further, there was no marked consistent change in the levels of VEGF in the saliva following 

administration of the Comvita products (Figures 13.3B-I). 

 

As shown in Figures 13.4A-I, the levels of PDGF-AA were very erratic, varying greatly 

between the participants (200 to 1,200 pg/mL) (Figure 13.4A), throughout the day (Figures 

132.4A-I), and between days. It is not known whether such dramatic changes are normal, or 

due to technical problems in measuring PDGF-AA levels. Whatever the explanation it was 

not possible to interpret the data. 

 

TNF- (0 to 50 pg/mL) in the saliva samples were negligible and inconsistent (Figure 13.5), 

such that no interpretable information could be obtained.  

 

IL-10 was present at very similar levels in the saliva of the two participants (4,500 to 10,000 

pg/mL) (Figure 13.6A), and did not vary greatly throughout the day, or between days 

(Figures 13.6A-I). Clover honey appeared to increase IL-10 levels at the last two time-points, 

whereas the other products had no consistent effect. Given the variation amongst the results 

the reproducibility of the effects of clover honey would need to be further assessed. The 

levels of IL-1 in the saliva samples were low (0 to 140 pg/ml), highly variable (Figure 13.7), 

and therefore uninterpretable. 
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Figure 13.1 Measurement of HGF in saliva samples. Commercial products from Comvita were 

deposited in the oral cavity of participant 1 (blue bar), and participant 2 (red bar). They included A) 

no product, B) propolis extract, C) propolis elixir, D) propolis oral spray, E) manuka honey lozenges, 

F) manuka honey UMF 5+, G) manuka honey UMF 15+, H) clover honey and I) olive leaf complex. 

HGF release into saliva was measured by a multiplex bead-based immunoassay. Data represent the 

mean of two replicates.  
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Figure 13.2 Measurement of EGF in saliva samples. Commercial products from Comvita were 

deposited in the oral cavity of participant 1 (blue bar), and participant 2 (red bar). They included A) 

placebo, B) propolis extract, C) propolis elixir, D) propolis oral spray, E) manuka honey lozenges, F) 

manuka honey UMF 5+, G) manuka honey UMF 15+, H) clover honey and I) olive leaf complex. 

EGF release into saliva was measured by a multiplex bead-based immunoassay. Data represent the 

mean of two replicates.  
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Figure 13.3 Measurement of VEGF in saliva samples. Commercial products from Comvita were 

deposited in the oral cavity of participant 1 (blue bar), and participant 2 (red bar). They included A) 

placebo, B) propolis extract, C) propolis elixir, D) propolis oral spray, E) manuka honey lozenges, F) 

manuka honey UMF 5+, G) manuka honey UMF 15+, H) clover honey and I) olive leaf complex. 

VEGF release was measured by a multiplex bead-based immunoassay. Data represent the mean of 

two replicates.  
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Figure 13.4 Measurement of PDGF-AA in saliva samples. Commercial products from Comvita were 

deposited in the oral cavity of participant 1 (blue bar), and participant 2 (red bar). They included A) 

placebo, B) propolis extract, C) propolis elixir, D) propolis oral spray, E) manuka honey lozenges, F) 

manuka honey UMF 5+, G) manuka honey UMF 15+, H) clover honey and I) olive leaf complex. 

PDGF-AA release was measured by a multiplex bead-based immunoassay. Data represent the mean 

of two replicates.  
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Figure 13.5 Measurement of TNF-α in saliva samples. Commercial products from Comvita were 

deposited in the oral cavity of participant 1 (blue bar), and participant 2 (red bar). They included A) 

placebo, B) propolis extract, C) propolis elixir, D) propolis oral spray, E) manuka honey lozenges, F) 

manuka honey UMF 5+, G) manuka honey UMF 15+, H) clover honey and I) olive leaf complex. 

TNF-α release was measured by a multiplex bead-based immunoassay. Data represent the mean of 

two replicates.  
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Figure 13.6 Measurement of IL-10 in saliva samples. Commercial products from Comvita were 

deposited in the oral cavity of participant 1 (blue bar), and participant 2 (red bar). They included A) 

placebo, B) propolis extract, C) propolis elixir, D) propolis oral spray, E) manuka honey lozenges, F) 

manuka honey UMF 5+, G) manuka honey UMF 15+, H) clover honey and I) olive leaf complex. IL-

10 release was measured by a multiplex bead-based immunoassay. Data represent the mean of two 

replicates.  
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Figure 13.7 Measurement of IL-1β in saliva samples. Commercial products from Comvita were 

deposited in the oral cavity of participant 1 (blue bar), and participant 2 (red bar). They included A) 

placebo, B) propolis extract, C) propolis elixir, D) propolis oral spray, E) manuka honey lozenges, F) 

manuka honey UMF 5+, G) manuka honey UMF 15+, H) clover honey and I) olive leaf complex. IL-

1β release was measured by a multiplex bead-based immunoassay. Data represent the mean of two 

replicates.  
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13.3 Effects of oral deposition of commercial honey bee products on levels of caries-

forming bacteria in the oral cavity 

 

Dental caries is a disease with a multifactorial etiology, which begins with the loss of ions 

from the apatite crystals of tooth enamel, and ends in cavitation (Ramesh et al., 2013). As 

mentioned previously, dental caries are caused by specific microorganisms such as S. mutans 

and Lactobacilli (Loesche, 1986; Piwat et al., 2010). Suppression of these microorganisms by 

preventive measures is essential for caries control. The objective of this section was to 

investigate the ability of commercial products from Comvita to control the levels of the 

caries-forming bacteria lactobacilli and mutans streptococci, by measuring the levels of these 

bacteria following oral deposition of the commercial products. 

 

13.3.1 Effect of oral deposition of commercial honey bee products on levels of 

lactobacilli in the oral cavity 

 

13.3.1.1 Methods 

 

Saliva samples collected from two healthy donors as described above were subjected to a 

Synder test (Chapter 2 Section 2.2.7.2), in order to measure the numbers of caries-forming 

lactobacilli. The saliva samples were transferred to sterile Snyder test tubes and incubated at 

37°C, and the colour of the medium was observed at 24, 48 and 72 h, respectively, and 

compared to a control tube not containing saliva. Photographs were taken and the rate of acid 

production by the lactobacilli, as indicated by a change in the colour of the medium from 

bluish green (control) to yellow, according to the following scoring system: Dark blue-green 

(-), light blue-green (+), light yellow(++), moderate yellow (+++) and strong yellow (++++).  

 

 

13.3.1.2 Results and Discussion 

 

The two healthy human participants (designated P1 and P2) differed greatly in their salivary 

levels of lactobacilli (Figure 13.8). For P1, the saliva samples collected at the 5 time-points 

turned the agar from blue-green to yellow after just 48 h of incubation. The levels of 
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lactobacilli did not appear to change throughout the day. In contrast, P2 had much lower 

levels of lactobacilli as the saliva-containing agar samples were still mostly blue-green after 

72 h of incubation of the agar. Again, the levels of lactobacilli did not appear to change 

throughout the day. The control agar not containing a saliva sample remained completely 

blue-green at all three incubation time-points. P1 was clearly the best participant to screen for 

changes in the numbers of oral lactobacilli. 

 

 

Figure 13.8 Snyder test for the presence of lactobacilli in saliva collected from untreated participants. 

Saliva samples were collected every 2 h from two untreated participants, mixed with Snyder test agar, 

and incubated for 24, 48, and 72 h. Photographs were taken of the agar at the different time-points. 

The score given to each agar sample is shown below each bottle. Ctrl, control; P1, participant 1; P2, 

participant 2. 

 

Few of the honey-bee products had suppressive effects on caries-forming bacteria (Tables 

13.1 to 13.8). Half a teaspoon of propolis extract (extra strength) was added to 30 mL of 

water and 10 mL was taken into the mouth, rinsed around the mouth and kept there for couple 

of minutes before expectorating. The propolis extract was administered every 2 h on 4 

occasions. In the case of P1, propolis extract failed to reduce the rate of change of colour, 
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such that the agar remained the same colour before (0 time-point) and after the honeys had 

been administered, after both the 48 h and 72 h incubation (Table 13.1). It is conceded 

however, that the agar at the 0 time-point before the extract had been administered (Table 

13.1) was greener than the agar at the same time-point in Figure 13.8, presumably because of 

day to day variation in lactobacilli levels due to diet and oral hygiene. In any case, the 

propolis extract does not appear to inhibit lactobacilli in the oral cavity. The data obtained 

with the saliva samples from P2 were non-informative as the agar remained bluish-green at 

all time-points.  

 

Table 13.1 Snyder test for the presence of lactobacilli in saliva collected from two participants 

treated with propolis extract.  

 

Two participants treated with propolis extract and compared with control (-) 

Saliva sample 

collection time (h)  

Incubation time (h) 

 24 48 72 

 P1 P2 P1 P2 P1 P2 

0 + + +++ + +++ + 

2 + + ++ + +++ + 

4 - - ++ + +++ + 

6 - - ++ + ++ + 

8 - - ++ + +++ + 

Photos were taken as in Figure 13.8, and results scored by comparing with the control (-), as 

described in the methods.  

 

Table 13.2 Snyder test for the presence of lactobacilli in saliva collected from two participants 

treated with propolis elixir.  

 

Two participants treated with propolis elixir and compared with control (-) 

Saliva sample 

collection time (h)  

Incubation time (h) 

 24 48 72 

 P1 P2 P1 P2 P1 P2 

0 + + +++ + +++ - 
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2 - - +++ ++ +++ - 

4 + +++ ++ +++ +++ +++ 

6 + ++ ++/+++ ++ ++++ ++ 

8 + ++ ++ ++ +++ +/++ 

Photos were taken as in Figure 13.8, and results scored by comparing with the control (-), as 

described in the methods. 

 

Table 13.3 Snyder test for the presence of lactobacilli in saliva collected from two participants 

treated with propolis oral spray.  

 

Two participants treated with propolis oral spray and compared with control (-) 

Saliva sample 

collection time (h)  

Incubation time (h) 

 24 48 72 

 P1 P2 P1 P2 P1 P2 

0 - - +++ + +++ - 

2 - - +++ + ++++ - 

4 - - +++ + ++++ - 

6 - - ++ + +++ - 

8 - - +++ + ++ + 

Photos were taken as in Figure 13.8, and results scored by comparing with the control (-), as 

described in the methods. 

 

Table 13.4 Snyder test for the presence of lactobacilli in saliva collected from two participants 

treated with manuka honey lozenges.  

 

Two participants treated with manuka honey lozenges and compared with control (-) 

Saliva sample 

collection time (h)  

Incubation time (h) 

 24 48 72 

 P1 P2 P1 P2 P1 P2 

0 + + +++ + +++ - 

2 - - ++ + +++ - 

4 - - +++ + ++++ - 

6 + - ++++ + ++++ + 
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8 ++ + ++++ ++ +++ - 

Photos were taken as in Figure 13.8, and results scored by comparing with the control (-), as 

described in the methods. 

 

 

Table 13.5 Snyder test for the presence of lactobacilli in saliva collected from two participants 

treated with manuka honey UMF 5+.  

 

Two participants treated with manuka honey UMF 5+ and compared with control (-) 

Saliva sample 

collection time (h)  

Incubation time (h) 

 24 48 72 

 P1 P2 P1 P2 P1 P2 

0 + - +++ + ++++ + 

2 + + +++ + ++++ ++ 

4 - + +++ + ++++ + 

6 + + +++ + ++++ + 

8 ++ + +++ + ++++ + 

Photos were taken as in Figure 13.8, and results scored by comparing with the control (-), as 

described in the methods. 

 

Table 13.6 Snyder test for the presence of lactobacilli in saliva collected from two participants 

treated with manuka honey UMF 15+. 

 

Two participants treated with manuka honey UMF 15+ and compared with control (-) 

Saliva sample 

collection time (h)  

Incubation time (h) 

 24 48 72 

 P1 P2 P1 P2 P1 P2 

0 - - +++ - +++ - 

2 + - +++ + ++++ - 

4 + - +++ + ++++ + 

6 + - +++ + ++++ + 

8 ++ - ++ + +++ + 

Photos were taken as in Figure 13.8, and results scored by comparing with the control (-), as 

described in the methods. 



Chapter Thirteen 

333 

 

Table 13.7 Snyder test for the presence of lactobacilli in saliva collected from two participants 

treated with clover honey.  

 

Two participants treated with clover honey and compared with control (-) 

Saliva sample 

collection time (h)  

Incubation time (h) 

 24 48 72 

 P1 P2 P1 P2 P1 P2 

0 + - +++/++++ + ++++ + 

2 + + ++ - ++++ + 

4 + - ++ + ++++ + 

6 - - ++ + ++++ + 

8 ++ - ++ + +++ + 

Photos were taken as in Figure 13.8, and results scored by comparing with the control (-), as 

described in the methods. 

 

Table 13.8 Snyder test for the presence of lactobacilli in saliva collected from two participants 

treated with olive leaf extract.  

 

Two participants treated with olive leaf extract and compared with control (-) 

Saliva sample 

collection time (h)  

Incubation time (h) 

 24 48 72 

 P1 P2 P1 P2 P1 P2 

0 + + +++ - ++++ + 

2 - + ++/+++ - +++ + 

4 + + +++ + ++++ + 

6 + - ++/+++ + ++++ + 

8 + + ++/+++ + +++ + 

Photos were taken as in Figure 13.8, and results scored by comparing with the control (-), as 

described in the methods. 

 

 

Propolis elixir appeared to suppress the oral lactobacilli (Table 12.2). Propolis elixir had a 

very strong taste and smell and was very overpowering for the participants despite only one 

teaspoonful being taken and rinsed around the mouth and kept there for a couple of minutes. 
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For P1, repetitive administration of the propolis elixir increasingly reduced the rate of acid 

production by lactobacilli after the 48 h or 72 h incubation, such that at the 8 h time-point the 

agar was quite green, compared to being yellow at the 0 h start point.  

 

At first sight the data for P2 seems perplexing as unlike the previous tests (Figure 13.8 and 

Table 13.1) the agar turned yellow at the 4 h time-point. It was subsequently revealed that P2 

had eaten lactobacilli-containing yoghurt for lunch thereby rendering the results 

uninterpretable. 

 

Propolis oral spray was ineffective in suppressing oral lactobacilli (Table 13.3). The spray 

was pumped thrice into the mouth, rinsed around the mouth for couple of minutes, and then 

expectorated. In the case of P1, the agar at the 0 time-point was not again as yellow as 

expected. The propolis oral spray failed to reduce the rate of change of colour, such that the 

agar remained the same yellowish-green colour before (0 time-point) and after the spray had 

been administered, after both 48 h and 72 h incubation. Thus the propolis oral spray does not 

inhibit lactobacilli in the oral cavity. The data obtained with the saliva samples from P2 were 

again non-informative as the agar remained bluish-green at all time-points. 

 

The manuka honey lozenges appeared to enhance oral lactobacilli levels (Table 13.4). Each 

lozenge was allowed to dissolve in the mouth with sucking, and then swallowed. For P1, 

there appeared to be a reduced rate of acid formation at the 2 h time-point in the 48 h 

incubation but not after 72 h of agar incubation, but the rate of acid production increased 

thereafter such that the agar was increasingly yellow at each subsequent time-point. The 

results showed that the manuka honey lozenges may initially, but only temporarily, suppress 

lactobacilli numbers, but thereafter enhance numbers. The data obtained with the saliva 

samples from P2 were again non-informative as the agar remained bluish-green at all time-

points.  

 

Manuka honey with UMF5+ and UMF15+ were ineffective at suppressing oral lactobacilli 

(Tables 13.5 and 13.6).  One teaspoonful of each of the honeys was taken, rinsed around the 

mouth, held in the mouth for a couple of minutes, and then swallowed. In the case of P1, the 

agar was again blue-green rather than yellow prior to administration of the honeys. The 

manuka honeys failed to reduce the rate of change of colour, such that the agar remained the 
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same colour before (0 time-point) and after the honeys had been administered, after both 48 h 

and 72 h incubation. The data obtained with the saliva samples from P2 were again non-

informative as the agar remained bluish-green at all time-points. 

 

Clover honey failed to suppress oral lactobacilli numbers (Table 13.7). In the case of P1, the 

agar was again blue-green rather than yellow prior to administration of the honey. Clover 

honey failed to reduce the rate of change of colour, such that the agar remained the same 

colour before (0 time-point) and after the honeys had been administered, after both 48 h and 

72 h incubation. The data obtained with the saliva samples from P2 were again non-

informative as the agar remained bluish-green at all time-points. 

 

 

Olive leaf complex was ineffective at inhibiting oral lactobacilli (Table 13.8). One 

teaspoonful of olive leaf complex was administered orally, rinsed around the mouth, kept in 

the mouth for a couple of minutes, and then swallowed. In the case of P1, the agar was again 

blue-green rather than yellow prior to administration of the olive leaf complex. Olive leaf 

complex failed to reduce the rate of change of colour, such that the agar remained the same 

colour before (0 time-point) and after the olive leaf complex had been administered, after 

both 48 h and 72 h incubation. Thus olive leaf complex does not inhibit lactobacilli in the oral 

cavity. The data obtained with the saliva samples from P2 were again non-informative as the 

agar remained bluish-green at all time-points. 

 

In summary, the data from the Synder tests suggests that of the commercial products tested, 

only propolis elixir potentially has a suppressive effect in inhibiting oral lactobacilli. The 

assay was confounded by the irreproducibility of colour changes of the agar for P1 from day 

to day, presumably due to the influence of diet and oral hygiene/health. This type of influence 

became obvious when P2 mistakingly ate lactobacilli-containing yoghurt for lunch causing 

the agar containing the lunchtime saliva sample to turn bright yellow. Otherwise, data from 

P2 was noninformative due to low levels of lactobacilli that were not sufficient to change the 

colour of the agar from blue-green to yellow. 
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13.3.2 Effect of oral deposition of commercial honey bee products on levels of 

Streptococcus mutans in the oral cavity 

 

13.3.2.1 Methods 

 

The Dentocult SM strip mutans assay, which is used to measure the numbers of caries-

forming S. mutans, was carried out while collecting saliva from the two participants as 

described in Chapter 2 Section 2.2.7.1.  

 

13.3.2.2 Results and Discussion 

 

The photographs taken of the Dentocult SM strips (Figures 13.9 to 13.17). As recommended 

by the manufacturer, the colonies were compared with a chart supplied by the manufacturer 

and given a score from 0 to 3 to indicate low to high mutans streptococci levels. Figures 

13.18 and 13.19 show graphs of the colour intensity of the strips measured using Photoshop, 

which was used as a non-subjective measure of mutans streptococci levels. Screening of the 

participants that had not been treated with the commercial honey-bee products revealed that 

participant 1 had higher levels of mutans streptococci than participant 2 (Figures 13.9, 13.18 

and 13.19). For participant 2, the number of streptococci increased during the day, but for 

participant 1 numbers remained the same (Figures 13.9, 13.18 and 13.19). The nonsubjective 

measurement of colour intensity should have given a more accurate assessment of 

streptococci numbers, but the levels of colour intensity did not correlate with the intensity 

viewed by eye, and hence was not used to interpret the results. None of the honey-bee 

products and olive leaf complex had a consistent effect on S. mutans numbers in the oral 

cavities of the two subjects. The Dentocult SM strip assay is very dependent on the ability of 

the participants to reproducibly swab their oral cavity with the strips to consistently transfer 

bacteria, which may have created variability in the results. Nevertheless, S. mutans appears to 

be well established in the mouths of the participants, and appears to be resistant to all the 

products tested. Streptococci are known to invade mucosal epithelial cells (LaPenta et al., 

1994), and once in their intracellular niche, may be difficult to eradicate (Costalonga et al., 

2008).  
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Figure 13.9 Dentocult SM strip mutans assay for the presence of mutans streptococci in the oral 

cavities of two untreated participants. The strips was swabbed over the tongue, lateral sides of the 

tongue, buccal epithelium, hard palate, soft palate and subgingival region of the oral cavity at every 2 

h timepoint. The strips were cultured and developed to reveal colonies of bacteria, and then 

photographed.  
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Figure 13.10 Dentocult SM strip mutans assay for the presence of mutans streptococci in the oral 

cavities of two participants treated with propolis extract. Details are as in Figure 13.9 legend. 
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Figure 13.11 Dentocult SM strip mutans assay for the presence of mutans streptococci in the oral 

cavities of two participants treated with propolis elixir. Details are as in Figure 13.9 legend. 
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Figure 13.12 Dentocult SM strip mutans assay for the presence of mutans streptococci in the oral 

cavities of two participants treated with propolis oral spray. Details are as in Figure 13.9 legend. 
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Figure 13.13 Dentocult SM strip mutans assay for the presence of mutans streptococci in the oral 

cavities of two participants treated with manuka honey lozenges. Details are as in Figure 13.9 legend. 
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Figure 13.14 Dentocult SM strip mutans assay for the presence of mutans streptococci in the oral 

cavities of two participants treated with manuka honey UMF 5+. Details are as in Figure 13.9 legend. 
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Figure 13.15 Dentocult SM strip mutans assay for the presence of mutans streptococci in the oral 

cavities of two participants treated with manuka honey UMF 15+. Details are as in Figure 13.9 

legend. 
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Figure 13.16 Dentocult SM strip mutans assay for the presence of mutans streptococci in the oral 

cavities of two participants treated with clover honey. Details are as in Figure 13.9 legend. 
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Figure 13.17 Dentocult SM strip mutans assay for the presence of mutans streptococci in the oral 

cavities of two participants treated with olive leaf complex. Details are as in Figure 13.9 legend. 
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Figure 13.18 Colour intensities of Dentocult strips obtained from participant 1 as a measure of the 

presence of mutans streptococci. The color intensities of Dentocult strips obtained from participant 1 

were determined using Photoshop. 
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Figure 13.19 Colour intensities of Dentocult strips obtained from participant 2 as a measure of the 

presence of mutans streptococci. The color intensities of Dentocult strips obtained from participant 2 

were determined using Photoshop. 

 

 

Conclusion 

 

The data described in this chapter indicates that commercial honey and olive leaf products 

marketed by Comvita have no marked effect on the mucocal immunity of the oral cavity. 

Thus, none of the products delivered by oral deposition changed the levels of cytokines and 

growth factors secreted into the saliva that were able to be measured, however the assay may 

need to be re-evaluated given the variation within subjects between the different sampling 

time points. In terms of anti-caries activity, the Synder test results showed that only propolis 

elixir had a suppressive effect in inhibiting oral lactobacilli. Manuka honey lozenges had a 

temporary, albeit weak, suppressive affect on inhibiting the numbers of lactobacilli. 
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Here we determined whether immunostimulatory plant-derived arabinogalactan proteins (AGPs) and the
honeybee-derived protein apisimin are present in varieties of New Zealand honey. Apisimin is a protein
of unknown function secreted from the glands of honeybees into Royal Jelly, forming a complex with
apalbumin1 capable of stimulating lymphocyte proliferation. AGPs were abundant in kanuka honey with
lesser amounts in manuka, kowhai and clover honeys, but absent from Royal Jelly. Apisimin was present
in all honeys, as well as Royal Jelly. We report that apisimin shares with honey AGPs the ability to
stimulate the release of TNF-a from blood monocytes. Further, it synergizes with AGPs to enhance the
release of TNF-a, via a mechanism not involving the formation of a complex with AGPs. In summary, this
study provides evidence that AGPs and apisimin are commonly present in different floral varieties of
honey, and hence contribute to their immunostimulatory properties.

� 2014 Published by Elsevier Ltd.
1. Introduction

Honey has been used since ancient times not only as a food
product, but also as a wound dressing (Zumla & Lulat, 1989). Its
use in modern day woundcare is widely studied and debated
(Bardy, Slevin, Mais, & Molassiotis, 2008; Biglari et al., 2013;
Bischofberger et al., 2013; Jull, Rodgers, & Walker, 2008; Jull,
Walker, & Deshpande, 2013; Kamaratos et al., 2014; Lee, Sinno, &
Khachemoune, 2011; Molan, 2006). There is an intensive effort
underway to identify the bioactive components of honey, and their
properties, in order to better inform the industry and the consumer
of each honey product’s potential properties, and to improve
woundcare formulations. The properties of different honeys vary
greatly, due in part to the particular floral nectars that are gathered
by honeybees, and the different proteins secreted from the cepha-
lic glands of honeybees (Rossano et al., 2012; Wang & Li, 2011).
Unfractionated honey is immunostimulatory, being able to stimu-
late the release of TNF-a from monocytes/macrophages
(Gannabathula et al., 2012; Raynaud et al., 2013; Tonks, Cooper,
Price, Molan, & Jones, 2001; Tonks et al., 2003), with different hon-
eys varying in their ability to stimulate TNF-a release
(Gannabathula et al., 2012). TNF-a produced by monocytes/macro-
phages within a wound has been shown to promote the degrada-
tion and remodeling of the extracellular matrix, leading to
accelerated healing and improved wound disruption strength (Fu,
Tian, Hsu, Wang, & Sheng, 1996; Mooney, O’Reilly, & Gamelli,
1990). Conversely inhibition of TNF-a leads to decreased wound
strength. Honey also stimulates monocytes/macrophages to pro-
duce interleukin (IL)-6 and IL-1b that induce extracellular matrix
synthesis by fibroblasts (Cooper, Jones, & Morris, 2005, chap. 10;
Tonks et al., 2003).

The identity of the key immunostimulatory components of
honey is controversial. Tonks et al. isolated a polymyxin B-insensi-
tive component of 5.8 kDa from manuka honey, which stimulated a
human monocytoid cell line to release TNF-a via a Toll-like recep-
tor 4-mediated mechanism (Tonks et al., 2007). Apalbumins (Apa)
1 and 2 of 55 kDa stimulated the release of TNF-a from macro-
phages and keratinocytes (Majtan, Kovacova, Bilikova, & Simuth,
2006; Majtan, Kumar, Majtan, Walls, & Klaudiny, 2010; Simúth,
Bíliková, Kovácová, Kuzmová, & Schroder, 2004). However, Timm
et al. reported that the immunostimulatory activity of manuka
honey is explained solely by its endotoxin content (Timm,
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Bartelt, & Hansen, 2008). Conversely, we and Raynaud et al.
reported that the trace amount of lipopolysaccharide (LPS) in
kanuka and thyme honeys could not, by itself, account for the stim-
ulation of cytokine production by honey (Gannabathula et al.,
2012; Raynaud et al., 2013). We recently reported that plant-
derived arabinogalactan proteins (AGPs) in New Zealand kanuka
honey stimulate monocytes to release TNF-a (Gannabathula
et al., 2012). The AGPs were sensitive to inhibition by polymyxin
B, and hence appear to mimic some of the properties of LPS. Apis-
imin is a 5.5 kDa serine and valine-rich peptide that is secreted
from the hypopharyngeal and mandibular glands of honeybees
into Royal Jelly (Bíliková et al., 2002), forming a complex with
Apa1 that is capable of stimulating the proliferation of lympho-
cytes (Tamura et al., 2009).

The immunostimulatory properties of honey are seemingly
more complex as honey also stimulates the expression of anti-
inflammatory products from monocytes/macrophages, including
prostaglandin E2 (Raynaud et al., 2013), which improves wound
healing (Talwar, Moyana, Bharadwaj, & Tan, 1996), and hastens
wound closure (Savla, Appel, Sporn, & Waters, 2001), and the
anti-inflammatory cytokines anti-inflammatory cytokines IL-10,
IL-1ra, and transforming growth factor (TGF-b) (Bean, 2012). The
flavonoid chrysin present in honey and propolis has potent anti-
inflammatory properties (Ha, Moon, & Kim, 2010). Fir honeydew
honey contains the flavonoids apigenin and kaempferol, which
inhibited TNF-a-induced production of matrix metalloproteinase
(MMP)-9 from keratinocytes (Majtan et al., 2013). In contrast, Aca-
cia honey stimulated keratinocytes to release MMP9, together with
TNF-a, IL-1b and TGF-b (Majtan et al., 2010). Manuka honey, and to
a lesser extent kanuka and rewarewa contain the anti-microbial
methyl glyoxal, which modifies the apalbumins, endowing them
with an ability to inhibit phagocytosis by macrophages (Bean,
2012). Thus, the immunoregulatory properties of honey are
complex, being dictated by the levels of individual pro-and anti-
inflammatory components.

In this study, we sought to determine whether AGPs and apisi-
min are present in kanuka honey and other floral varieties of New
Zealand honey, and to determine their contribution to the
immunostimulatory properties of kanuka honey.

2. Materials and methods

2.1. General

New Zealand honey samples, namely young manuka (Leptosper-
mum scoparium) honey (INTPH-01), young kanuka (Kunzea erico-
ides) honey (INTPH-15), clover (Trifolium spp.) honey (INTPH-20),
and Royal Jelly (Apis mellifera) were selected and supplied by
Comvita New Zealand Ltd, Te Puke. The young honeys were 6–
18 months old. Artificial honey was prepared by dissolving
192 mg fructose, 180 mg glucose and 4 mg sucrose (Sigma Aldrich,
New Zealand) in 10 ml of deionized water, which is equivalent to
4% of honey solution. LPS isolated from a culture of Escherichia coli
0127:B8 was purchased from Sigma Aldrich. The Yariv reagent was
obtained from Callaghan Innovation, New Zealand, and an N-ter-
minally biotinylated apisimin peptide (KTSISVKGESNVDVVS-
QINSLVSSIVSGANVSAVLLAQTLVNILQILIDANVFA) was synthesized
and supplied by Peptide 2.0, USA. Mouse anti-human TNF-a
antibodies were purchased from BD Biosciences, Auckland, New
Zealand. A polyclonal mouse antiserum raised against synthetic
apisimin was custom-produced by Promab Biotechnologies, Inc.,
CA. Fresh human blood monocytes were obtained from the buffy
coats of venous blood fractionated by centrifugation on Ficoll
gradients. Blood was obtained from healthy adult subjects by
informed consent according to approval 2010/462 from the
University of Auckland Human Participants Ethics Committee.
2.2. Radial agar diffusion assay

A radial agar diffusion assay to measure the AGP content of
honey was developed based on a protocol previously described
by van Holst and Clarke (1985). The assay is based on the fact that
arabinogalactans are bound and precipitated in solution by the b-
galactosyl Yariv reagent. Molten agarose gel (1%) containing
0.15 M NaCl, 0.02% sodium azide and 0.002% of the b-galactosyl
Yariv reagent was poured into a 80 mm petri dish. The gel was
allowed to set, and then wells were punched. Sample solutions
(15 ll) prepared in 0.15 M NaCl buffer solution containing 0.02%
sodium azide were pipetted into the wells. Buffer was used as a
negative control, and Gum arabic (Sigma Aldrich) was used as a
positive control, respectively. Petri dishes were sealed and
incubated in the dark at room temperature for 2–4 days until a
precipitin halo developed.

2.3. Rocket gel electrophoresis assay

AGPs in honey were quantified by rocket gel electrophoresis
using Gum arabic as a standard according to a previously described
method (Komalavilas, Zhu, & Nothnagel, 1991; Wiśniewska &
Majewska-Sawka, 2007). Molten agarose (1%) containing 25 mM
Tris, 200 mM glycine, pH 8.4, and 15 lM Yariv reagent was poured
into plates to give a gel of 1.5 mm thickness. Wells were punched
in the gel, and loaded with the honey samples and controls. Elec-
trophoresis was carried out in Tris–glycine buffer (25 mM Tris,
200 mM glycine, pH 8.4) for 4–8 h at room temperature (RT) until
the rockets were well developed. The concentrations of AGP in the
samples were estimated in relation to the area of the precipitin
peak formed with Gum arabic.

2.4. Crossed gel electrophoresis

AGPs purified from kanuka honey (Steinhorn, Sims, Carnachan,
Carr, & Schlothauer, 2011) were compared with Gum arabic by
two-dimensional crossed electrophoresis (Komalavilas et al.,
1991; Wiśniewska & Majewska-Sawka, 2007). AGPs (5 lg) were
initially separated in a 1% agarose gel as described for rocket elec-
trophoresis, and then electrophoresed in a second direction in a 1%
agarose gel supplemented with 15 lg/ml Yariv reagent, which
precipitated the AGPs as they moved towards the anode.

2.5. Polyacrylamide gel electrophoresis

Polyacrylamide gels were prepared as described in Current Pro-
tocols in Molecular Biology (Ausubel, 1999). Synthetic apisimin
was analysed on a non-denaturing 15% polyacrylamide gel, and
on a denaturing 16% polyacrylamide Tricine SDS-gel prepared as
described previously (Schägger, Aquila, & Von Jagow, 1988;
Schägger & Von Jagow, 1987). The protein was visualised by
staining with Coomassie blue G-250.

2.6. Ligand blot assay

A ligand blot assay was established to determine whether apis-
imin interacts with honey AGPs. Samples of 2 ll of each of syn-
thetic apisimin (1 mg/ml), honeys (100 mg/ml), purified kanuka
honey AGPs (1 mg/ml), bovine serum albumin (BSA) (1 mg/ml),
and insulin (1 mg/ml) were spotted onto a nitrocellulose mem-
brane. The membrane was blocked for 1 h with 5% skim milk pow-
der in Tris-buffered saline containing 1% Tween 20 (TBS-T). The
membrane was washed thrice for 5 min with TBS-T and incubated
with 0.1–10 lg/ml synthetic biotinylated apisimin peptide for 1 h
at RT. The membrane was washed thrice for 5 min with TBS-T,
incubated with horseradish peroxidase (HRP)-conjugated
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streptavidin for 30 min at RT, and HRP activity detected by
enhanced chemiluminescence.

2.7. Western blot analysis

Samples separated by SDS–PAGE on Tricine gels were electro-
blotted onto nitrocellulose membrane. The membranes were
blocked with TBS-Tween buffer containing 5% non-fat milk for
1 h at RT, and incubated overnight with a polyclonal mouse antise-
rum raised against synthetic apisimin, diluted 1:50 in TBS-Tween
buffer containing 5% non-fat milk. They were washed and
incubated for 2 h in the same buffer containing HRP-conjugated
anti-mouse IgG at a dilution of 1:5000, and HRP activity detected
by enhanced chemiluminescence.

2.8. TNF-a ELISA

TNF-a concentration was measured by ELISA as described pre-
viously (Gannabathula et al., 2012). Briefly, a mouse anti-human
TNF-a mAb used as the capture antibody was coated onto ELISA
plates at 2 lg/ml, and 100 ll of culture supernatant was placed
into the wells. After washing, a biotinylated mouse anti-human
TNF-a antibody at 2 lg/ml was added to detect the captured
TNF-a. Immunoreactivity was detected with streptavidin-horse-
radish peroxidase, and developed with tetramethylbenzidine
(TMB) Substrate Reagent (BD Biosciences). LPS (100 ng/ml) was
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included as a standard, against which the results obtained with
the honey samples were compared.

2.9. Statistical analysis

The graph packages used were Graph Pad (Prism) software and
Microsoft Excel. Results were expressed as means ± SD, and the
overall differences between group means were analysed using
one-way ANOVA. Multiple comparisons were carried out using
Tukey’s Test.

3. Results and discussion

3.1. Agar diffusion and rocket gel electrophoresis assays to establish
the levels of AGPs in honeys

An agar diffusion assay in which the Yariv reagent was added to
the agar was employed to establish the level of AGPs in kanuka
honey. Samples (15 ll) of Gum arabic AGPs (500 lg/ml), Gum ara-
bic (100 lg/ml), purified kanuka honey AGPs (500 lg/ml), kanuka
honey (undiluted), and LPS (100 ng/ml) were loaded into the wells
and allowed to diffuse. Gum arabic and purified kanuka honey
AGPs produced bright orange haloes that were formed by precipi-
tation of the AGPs with the Yariv reagent (Fig. 1A). Crude kanuka
honey and Gum arabic each produced fainter precipitin haloes
with smaller diameters. The diameter and intensity of the halo
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was proportional to the amount of AGP in the well. Thus, identical
concentrations of gum arabic and honey AGPs gave similar sized
haloes. Lipopolysaccharide (LPS) did not produce a halo, establish-
ing that it does not react with the Yariv reagent.

Rocket gel electrophoresis in which the Yariv reagent was
added to the agar was employed to establish the presence and lev-
els of AGPs in a variety of different honey types. There was 200, 60,
and 25 lg/ml of AGPs in kanuka, manuka and clover honeys,
respectively (Fig. 1B). Thus, kanuka honey is rich in AGPs, whereas
clover honey has a low level of AGPs. In another experiment, two
sources of kanuka honey were shown to differ in the level of AGPs,
having levels of 180 and 90 lg/ml, respectively (Fig. 1C). Kowhai
honey had intermediary levels of AGPs of 60 lg/ml, whereas AGPs
were apparently completely absent from Royal Jelly. In a third
experiment, two different sources of manuka honey from that
shown in Fig. 1B were found to have low levels (35–40 lg/ml) of
AGPs, comparable to that of clover honey (Fig. 1D). Crossed-
electrophoresis profiles indicated that kanuka honey AGPs were
different from Gum arabic AGPs (Fig. 1E). Gum arabic AGPs gave
a single peak in accord with the fact that the major molecular
fraction accounting for �88% of the total mass of Gum arabic is
an arabinogalactan peptide with a molecular weight of 286 kDa
(Sanchez et al., 2008). Kanuka honey AGPs gave a major and a
minor peak, where only the minor peak resembled that formed
by Gum arabic.

3.2. Identification of apisimin in honey

Here we sought to determine whether the immunostimulatory
protein apisimin was present in honey, given that it is secreted
from the hypopharyngeal and mandibular glands of nurse and for-
ager honeybees, and has been reported to form a complex with the
Royal Jelly protein Apa1 (Tamura et al., 2009). Synthetic apisimin
was first resolved by non-denaturing and denaturing polyacryl-
amide gel electrophoresis to determine its migration profile on
SDS–PAGE, as it has been reported to form a self-associated com-
plex of 30 kDa (Bíliková et al., 2002). It is detectable with Coomas-
sie blue staining despite the fact that it contains only one of the
five amino acids required to bind this stain. Synthetic apisimin
migrated as a high molecular weight protein of around 30 kDa on
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Fig. 2. Analysis of commercially synthesized and endogenous apisimin. (A) Non-denaturi
protein standards (Sigma). The sizes of the molecular weight makers are given in kDa in th
synthetic apisimin (15 lg). MW, molecular weight protein standards (Sigma). (C) Both
apisimin. Samples of kanuka honey (15 mg), and Royal Jelly (25 lg) were electrophorese
(Sigma). The position of the putative apisimin band is marked with an arrow. (D) Wester
15 mg of clover, manuka, and kanuka honey, and 150 lg Royal Jelly, and 25 lg of synth
Western blot analysis using a polyclonal mouse antiserum raised against synthetic apisim
by enhanced chemiluminescence. The sizes of the molecular weight makers are given in
a non-denaturing polyacrylamide gel, despite the fact that it is only
a 54 amino acid residue peptide with a predicted molecular weight
of 5.8 kDa (Fig. 2A). In marked contrast, it migrated as a homoge-
neous low molecular weight band of less than 6 kDa on a denatur-
ing Tricine-based SDS–polyacrylamide gel (Fig. 2B). Thus apisimin
appears to form oligomers as reported by Bilikova et al. The apisi-
min band on the denaturing gel was broad, presumably because
the peptide forms oligomers containing different numbers of the
apisimin peptide. Samples of kanuka honey and Royal Jelly were
resolved by SDS–PAGE on 15% polyacrylamide gels, and the pro-
teins were stained with Coomassie blue. The major apalbumin
bands at �55 kDa were clearly evident in the kanuka honey and
Royal Jelly samples, but in addition both samples contained a
low molecular band similar in size to apisimin (Fig. 2C).

A commercially prepared mouse anti-apisimin polyclonal anti-
serum was employed to determine whether the low molecular
weight band seen in kanuka honey and Royal Jelly samples was
apisimin. Samples of kanuka, manuka and clover honeys, and Royal
Jelly were resolved on a denaturing 15% polyacrylamide gel and
subjected to Western blot analysis with the anti-apisimin anti-
body. The antibody detected a major low molecular band of
�5 kDa protein in the 3 honeys and Royal Jelly, which was identical
in size to chemically synthesized apisimin (Fig. 2D). Trace amounts
of slightly higher molecular weight forms were evident, which may
represent small oligomers that were not completely dissociated.
Kanuka honey appeared to contain the highest levels of apisimin
amongst the honeys. Western blot analysis using synthetic apisi-
min as a standard revealed that apisimin was present in kanuka
honey at a concentration of 100 lg/ml.
3.3. Apisimin stimulates the release of TNF-a from blood monocytes

Increasing concentrations of apisimin were tested for their abil-
ity to stimulate blood monocytes to release TNF-a. For comparison
monocytes were also stimulated with increasing concentrations of
kanuka honey AGPs that had been purified with the Yariv reagent.
Apisimin stimulated the release of TNF-a in a concentration-
dependent fashion, with a similar activity to that of the kanuka
honey AGPs (Fig. 3A). The response was linear for both apisimin
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Fig. 3. AGPs and apisimin synergize to stimulate the release of TNF-a from blood monocytes. (A) Peripheral blood monocytes were incubated with increasing concentrations
(5–25 lg/ml) of purified kanuka honey AGPs and synthetic apisimin. TNF-a release was measured by ELISA and presented as mean + SD of four replicates. (B) Blood
monocytes were incubated with 100 ng/ml LPS, 1% (w/v) kanuka honey, 5 lg/ml of AGP, 25 lg/ml apisimin, and 5 lg/ml of AGP in combination with 25 lg/ml apisimin AGP.
(C) Blood monocytes were left untreated or incubated with 5 lg/ml of AGP alone and in the presence of increasing concentrations of apisimin (5–25 lg/ml). Control
monocytes were stimulated with apisimin (5–25 lg/ml) in the absence of AGP. TNF-a release was measured by ELISA and presented as mean + SD of four replicates.
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(r2 = 0.8969) and AGP (r2 = 0.9973) over the tested concentrations
of 5–25 lg/ml.
3.4. Apisimin synergizes with kanuka honey AGPs to stimulate the
release of TNF-a from blood monocytes

Apisimin and kanuka honey AGPs both stimulate the release of
TNF-a from blood monocytes. There was the possibility that they
might synergize with one another, given that they both induce
the expression of TNF-a (Gannabathula et al., 2012). To address
this notion, blood monocytes were stimulated with 5 lg/ml of syn-
thetic apisimin alone or in combination with 5 lg/ml of kanuka
honey AGP. Samples of kanuka honey AGP, artificial honey and
LPS were included for comparison. Apisimin and kanuka honey
AGP again stimulated the release of TNF-a, at low levels compared
with 0.1 lg/ml of LPS (Fig. 3B). Surprisingly, apisimin strongly syn-
ergized with kanuka honey AGP to increase TNF-a release, which
was comparable to the effect achieved with 10 mg/ml (1%) of
kanuka honey. Thus, individual stimulation with 5 lg/ml of AGP
and 5 lg/ml of apisimin caused the release of 199 and 86.6 pg/ml
of TNF-a, respectively, whereas the combination caused the release
of 840 pg/ml of TNF-a, effectively a threefold increase in TNF-a
release. In contrast, apisimin did not synergize with Gum arabic,
which had negligible activity comparable to that of artificial honey.
To explore the relationship between apisimin and AGP further,
increasing concentrations of apisimin (5–25 lg/ml) were used to
stimulate blood monocytes in the presence of a constant
concentration of kanuka honey AGP (5 lg/ml) (Fig. 3C). The
synergistic effects of apisimin with AGP were also concentration-
dependent, where the strongest synergy was observed with AGP
in combination with low levels of apisimin. Apisimin showed
strong stimulation by itself at high concentrations.
3.5. Apisimin does not form a complex with honey AGPs

It was plausible that apisimin might form a multivalent com-
plex with honey AGPs, as previously described for the apalbumins
(Tamura et al., 2009), that could explain its synergistic properties.
A ligand-binding assay was established to test this notion in which
apisimin, kanuka honey AGPs, kanuka honey, manuka honey, clo-
ver honey, and the control proteins bovine serum albumin and
insulin were spotted onto a nitrocellulose membrane, and screened
for their ability to bind biotinylated apisimin. Apisimin bound to
itself in accord with its ability to form oligomers (Fig. 4). It also
bound to each of the honey samples, in agreement with the finding
that each honey sample contains apisimin and apalbumins. In con-
trast, apisimin did not bind to purified kanuka honey AGPs, indicat-
ing it does not form a complex with honey AGPs.

In summary, this study has revealed that all honey samples
tested, including kanuka, manuka, kowhai and clover honeys, con-
tain AGPs. Kanuka honey was particularly rich in AGPs, whereas
manuka, kowhai, and clover honeys by comparison contained only
low concentrations of AGPs. Surprisingly, Royal Jelly completely
lacked AGPs. Crossed gel electrophoresis suggested that kanuka



A
pi

si
m

in
 

In
su

lin
 

BS
A

 

Ka
nu

ka
 

M
an

uk
a 

Cl
ov

er
 

BS
A

 
Ka

nu
ka

 A
G

Ps
 

BS
A

 

Fig. 4. Apisimin does not bind kanuka honey AGPs. Samples of 2 ll of each of
synthetic apisimin (1 mg/ml), insulin (1 mg/ml), bovine serum albumin (BSA)
(1 mg/ml), kanuka honey, manuka honey, clover honey, and purified kanuka honey
AGPs were spotted onto a nitrocellulose membrane. The membrane was incubated
with biotinylated apisimin, and binding of apisimin to spotted samples was
detected with horseradish peroxidase (HRP)-conjugated streptavidin and enhanced
chemiluminescence.
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honey AGPs were more heterogeneous than those present in Gum
arabic. We have similarly confirmed that apisimin is present in
kanuka, manuka, and clover honeys, in addition to Royal Jelly. In
a novel finding, it was discovered that apisimin shares with honey
AGPs the ability to stimulate the release of TNF-a from blood
monocytes. Further, it synergizes with AGPs to enhance the release
of TNF-a, via a mechanism that does not involve forming a com-
plex with AGPs. We have confirmed that apisimin self-associates
to form oligomers that could play a role in its immunostimulatory
ability. In a previous study we revealed that kanuka honey was
more effective at inducing the release of TNF-a from monocytes
(Gannabathula et al., 2012), which is in accord with the present
finding that kanuka honey contains higher concentrations of AGPs
and apisimin.

There is very little information in the published literature
regarding the biological properties and role of apisimin. It was
reported to be a 5.5 kDa protein component of Royal Jelly
(Bíliková et al., 2002), which formed a complex with Apa1 that is
capable of enhancing and sustaining the proliferation of the human
lymphoid cell line Jurkat (Tamura et al., 2009). Tonks et al. reported
an unidentified polymyxin B-insensitive component of 5.8 kDa
from manuka honey, which stimulated a human monocytoid cell
line to release TNF-a via a Toll-like receptor 4-mediated mecha-
nism (Tonks et al., 2007). The 5.8 kDa appeared to bind to a larger
molecular weight component (>30 kDa) that was largely responsi-
ble for the immunostimulatory activity of manuka honey. These
latter properties are remarkably similar to those of apismin, raising
the question of whether apsimin is the 5.8 kDa immunostimula-
tory component identified by Tonks et al. The results also suggest
that the apalbumins may not be immunostimulatory as reported,
but rather their activity is due to their association with apisimin.
Tonks’ brief analysis concluded that apisimin was unlikely to be
a protein, but apisimin lacks tryptophan and tyrosine residues
which render it silent at A280 nm. Monosaccharide component
analysis revealed the presence of monosaccharides (Tonks et al.,
2007), which is in accord with the extensive potential serine/thre-
onine and asparagine sites within apisimin for N- and O-linked gly-
cosylation, respectively. In a future study it will be important to
determine whether natural apisimin is glycosylated, and whether
glycosylation affects its immunostimulatory activity, and
associations with other honey components.

This study, together with previous reports, highlights the fact
that honey is a complex mixture of proinflammatory and anti-
inflammatory bioactive components, which may differ depending
on the particular floral nectars that are gathered by honeybees,
and the products secreted by the honeybees themselves.
4. Conclusion

This study provides evidence that AGPs and apisimin are com-
monly present in different varieties of honey, and contribute to
their immunostimulatory properties. The data to date indicates
that the immune-stimulatory properties of honey arise from a syn-
ergism displayed by its various bioactive components, including
AGPs, apisimin, apalbumins, and any contaminating LPS. Further
studies are required to determine the specific quantities of these
bioactive components in a broader range of honey varieties, their
effects on health and well-being, and their potential application,
including their contribution to the treatment of wounds.
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your project titled ''The impact of bioactives on blood cells.''.

Ethics approval was given for a period of three years. 

The expiry date for this approval is 10/11/2013.
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c.c. Head of Department / School, Molecular Medicine

Lana Lon

Executive Secretary
University of Auckland Human Participants Ethics Committee

1. Should you need to make any changes to the project, write to the Committee giving full 
details including revised documentation.

2. The approval is for three years.  Should you require an extension write to the Committee 
before the expiry date giving full details along with revised documentation.  Extension can be 
granted for up to three years, after which time you must make a new application.

3. At the end of three years, or if the project is completed before the expiry, you are requested 
to advise the Committee of its completion.

4. Do not forget to fill in the 'approval wording' on the Participant Information Sheets and 
Consent Forms giving the dates of approval and the reference number before you send them out 
to your participants.



5. Please send a copy of this approval letter to the Manager - Funding Processes at Research 
Office if you have obtained any funding other than from UniServices.  For UniServices contract, 
please send a copy of the approval letter to the Contract Manager at UniServices.

6. Please note that the Committee may from time to time conduct audits of approved projects to 
ensure that the research has been carried out according to the approval that was given.
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In order that an up-to-date record can be maintained, it would be appreciated if you could notify the 
Committee once your project is completed.

The Chair and the members of the Committee would be happy to discuss general matters relating to 
ethics approvals. If you wish to do so, please contact the UAHPEC Ethics Administrators at ro-
ethics@auckland.ac.nz in the first instance.  
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1. Do not forget to fill in the 'approval wording' on the Participant Information Sheets and Consent

Forms, giving the dates of approval and the reference number, before you send them out to your
participants.

2. Should you need to make any changes to the project, write to the UAHPEC Administrators by email
(humanethics@auckland.ac.nz) giving full details of the proposed changes including revised
documentation.

3. At the end of three years, or if the project is completed before the expiry, please advise UAHPEC of
its completion.

4. Should you require an extension, write to UAHPEC by email before the expiry date, giving full details
along with revised documentation. An extension can be granted for up to three years, after which a
new application must be submitted.

5. If you have obtained funding other than from UniServices, send a copy of this approval letter to the
Manager - Funding Processes, UoA Research Office. For UniServices contracts, send a copy of the
approval letter to the Contract Manager, UniServices.

6. Please note that UAHPEC may from time to time conduct audits of approved projects to ensure that
the research has been carried out according to the approval that was given.
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DATA ANALYSIS 

Chapter 3 

 

3.1 Cytoxic effect of kanuka honey on blood monocytes, lymphocytes, and neutrophils 

 
A) Completely Randomized AOV for Cytotoxicity (Viable of 

cells) 

 

Source      DF        SS        MS       F        P 

Treatment    6   37999.9   6333.32    45.9   0.0000 

Error       14    1932.8    138.06 

Total       20   39932.7 

 

Grand Mean 44.809    CV 26.22 

 

At least one group variance is near zero; variance-equality 

tests cannot be computed. 

 

Component of variance for between groups   2065.09 

Effective cell size                            3.0 

 

Treatment          Mean 

Kanuka (0.5%)       122.25 

Kanuka (1%)         73.769 

Kanuka (2%)         29.176 

Kanuka (3%)         15.385 

Kanuka (4%)         0.0000 

Monocytes           72.432 

Positive            0.6529 

Observations per Mean            3 

Standard Error of a Mean    6.7838 

Std Error (Diff of 2 Means) 9.5937 

 

LSD All-Pairwise Comparisons Test of Viable of cells by 

Treatment 

 

Treatment              Mean        Homogeneous Groups 

Kanuka (0.5%)          122.25           A 

Kanuka (1%)            73.769           B 

Monocytes              72.432           B 

Kanuka (2%)            29.176           C 

Kanuka (3%)            15.385           CD 

Kanuka (4%)            0.0000           D 

Positive               0.6529           D 

 

Alpha 0.05             Standard Error for Comparison 9.5937
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Critical T Value 2.145   Critical Value for Comparison 20.576 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

B) Completely Randomized AOV for Cytotoxicity (Viable of 

cells) 

 

Source      DF        SS        MS       F        P 

Treatment    6   23958.2   3993.04    33.9   0.0000 

Error       14    1649.4    117.81 

Total       20   25607.6 

 

Grand Mean 66.088    CV 16.42 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     13.4    6   0.0372 

Cochran's Q                 0.6178 

Largest Var / Smallest Var 1254.1 

 

Component of variance for between groups   1291.74 

Effective cell size                            3.0 

 

Treatment             Mean 

Kanuka (0.5%)         87.089 

Kanuka (1%)           97.382 

Kanuka (2%)           90.845 

Kanuka (3%)           51.067 

Kanuka (4%)           32.987 

PBMNCs                97.521 

Positive              5.727 

Observations per Mean            3 

Standard Error of a Mean    6.2666 

Std Error (Diff of 2 Means) 8.8623 

 

 

LSD All-Pairwise Comparisons Test of Viable of cells by 

Treatment 

 

Treatment          Mean        Homogeneous Groups 

PBMNCs             97.521          A 

Kanuka (1%)        97.382          A 

Kanuka (2%)        90.845          A 

Kanuka (0.5%)      87.089          A 

Kanuka (3%)        51.067          B 

Kanuka (4%)        32.987          B 

Positive           5.7265          C 

 

Alpha 0.05             Standard Error for Comparison 8.8623 

Critical T Value 2.145   Critical Value for Comparison 19.008 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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C) Completely Randomized AOV for Cytotoxicity (Viable of 

cells) 

 

Source      DF        SS        MS       F        P 

Treatemnt    6   15608.4   2601.40    60.3   0.0000 

Error       14     603.8     43.13 

Total       20   16212.2 

 

Grand Mean 67.121    CV 9.78 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     20.6    6   0.0022 

Cochran's Q                 0.8036 

Largest Var / Smallest Var 281.06 

 

Component of variance for between groups   852.756 

Effective cell size                            3.0 

 

Treatment                Mean 

Kanuka (0.5%)           90.930 

Kanuka (1%)             88.902 

Kanuka (2%)             87.227 

Kanuka (3%)             43.929 

Kanuka (4%)             31.847 

Neutrophils             94.722 

Positive                32.288 

Observations per Mean            3 

Standard Error of a Mean    3.7916 

Std Error (Diff of 2 Means) 5.3621 

 

LSD All-Pairwise Comparisons Test of Viable of cells by 

Treatment 

 

Treatment           Mean        Homogeneous Groups 

Neutrophils        94.722            A 

Kanuka (0.5%)      90.930            A 

Kanuka (1%)        88.902            A 

Kanuka (2%)        87.227            A 

Kanuka (3%)        43.929            B 

Positive           32.288            C 

Kanuka (4%)        31.847            C 

 

Alpha 0.05             Standard Error for Comparison 5.3621 

Critical T Value 2.145   Critical Value for Comparison 11.501 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

3.2 Cytoxic effect of kanuka, manuka and clover honeys and Royal Jelly on blood 

monocytes, lymphocytes, and neutrophils 
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A) Completely Randomized AOV for Cytotoxicity (Viable of 

cells) 

 

Source      DF        SS        MS       F        P 

Treatment    9   24846.0   2760.67    53.3   0.0000 

Error       20    1036.0     51.80 

Total       29   25882.0 

 

Grand Mean 86.496    CV 8.32 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     11.0    9   0.2770 

Cochran's Q                 0.3938 

Largest Var / Smallest Var 74.579 

 

Component of variance for between groups   902.955 

Effective cell size                            3.0 

 

Treatment                Mean 

 Cells                  98.49 

 Clover 1               89.20 

 Clover 2               102.75 

 Kanuka 1               85.92 

 Kanuka 2               104.63 

 Manuka 1               87.86 

 Manuka 2               103.11 

 Pve ctrl               2.26 

 Royal 1                93.51 

 Royal 2                97.22 

Observations per Mean            3 

Standard Error of a Mean    4.1554 

Std Error (Diff of 2 Means) 5.8766 

 

 
LSD All-Pairwise Comparisons Test of Viable of cells by 

Treatment 

 

Treatment           Mean          Homogeneous Groups 

Kanuka (2%)         104.63             A 

Manuka (2%)         103.11             A 

Clover (2%)         102.75             A 

Cells               98.486             AB 

Royal (2%)          97.220             ABC 

Royal (1%)          93.514             ABC 

Clover (1%)         89.200             BC 

Manuka (1%)         87.864             BC 

Kanuka (1%)         85.920             C 

Positive            2.2624             D 
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Alpha 0.05        Standard Error for Comparison 5.8766 

Critical T Value 2.086   Critical Value for Comparison 12.258 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 
B) Completely Randomized AOV for Cytotoxicity (Viable of 

cells) 

 

Source      DF        SS        MS       F        P 

Treatment    5   12107.7   2421.54     112   0.0000 

Error       12     258.5     21.54 

Total       17   12366.2 

 

Grand Mean 63.996    CV 7.25 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     1.65    5   0.8950 

Cochran's Q                 0.3272 

Largest Var / Smallest Var 6.2593 

 

Component of variance for between groups   799.998 

Effective cell size                            3.0 

 

Treatment         Mean 

Cells            76.914 

Clover           79.316 

Kanuka           76.914 

Manuka           69.600 

Positive         6.390 

Royal Jelly      74.840 

Observations per Mean            3 

Standard Error of a Mean    2.6797 

Std Error (Diff of 2 Means) 3.7896 

 

LSD All-Pairwise Comparisons Test of Viable of cells by 

Treatment 

 

Treatment         Mean      Homogeneous Groups 

Clover           79.316         A 

Cells            76.914         AB 

Kanuka           76.914         AB 

Royal Jelly      74.840         AB 

Manuka           69.600         B 

Positive         6.3904         C 

 

Alpha 0.05           Standard Error for Comparison 3.7896 

Critical T Value 2.179   Critical Value for Comparison 8.2569 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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C) Completely Randomized AOV for Cytotoxicity (Viable of 

cells) 

 

Source      DF        SS        MS       F        P 

Treatment    5   6846.37   1369.27    56.8   0.0000 

Error       12    289.45     24.12 

Total       17   7135.82 

 

Grand Mean 71.930    CV 6.83 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     5.51    5   0.3573 

Cochran's Q                 0.4954 

Largest Var / Smallest Var 33.385 

 

Component of variance for between groups   448.385 

Effective cell size                            3.0 

 

Treatment        Mean 

Cells            82.843 

Clover           83.248 

Kanuka           78.224 

Manuka           78.143 

Positive         28.548 

Royal Jelly      80.574 

Observations per Mean            3 

Standard Error of a Mean    2.8355 

Std Error (Diff of 2 Means) 4.0101 

 

LSD All-Pairwise Comparisons Test of Viable of cells by 

Treatment 

 

Treatment          Mean      Homogeneous Groups 

Clover            83.248          A 

Cells             82.843          A 

Royal Jelly       80.574          A 

Kanuka            78.224          A 

Manuka            78.143          A 

Positive          28.548          B 

 

Alpha 0.05                Standard Error for Comparison 4.0101 

Critical T Value 2.179   Critical Value for Comparison 8.7372 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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3.3 Measurement by ELISA of TNF-α release from blood monocytes, lymphocytes, and 

neutrophils following stimulation by New Zealand honeys and Royal Jelly 

 
A) Completely Randomized AOV for the ratio of TNF-α  
 

Source         DF        SS        MS       F        P 

Treatment      6     542.503   90.4171    37.9   0.0000 

Error         49     116.811    2.3839 

Total         55     659.314 

 

Grand Mean 4.2617    CV 36.23 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     81.5    6   0.0000 

Cochran's Q                 0.6260 

Largest Var / Smallest Var 987.86 

 

Component of variance for between groups   11.0042 

Effective cell size                            8.0 

 

Treatment        Mean 

AH              0.9094 

Clover          7.8657 

Kanuka          6.2312 

LPS             8.5286 

Manuka          4.3307 

Royal Jelly     0.9666 

Untreated       1.0000 

Observations per Mean            8 

Standard Error of a Mean    0.5459 

Std Error (Diff of 2 Means) 0.7720 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment          Mean        Homogeneous Groups 

LPS               8.5286             A 

Clover            7.8657             A 

Kanuka            6.2312             B 

Manuka            4.3307             C 

Untreated         1.0000             D 

Royal Jelly       0.9666             D 

AH                0.9094             D 

 

Alpha 0.05     Standard Error for Comparison 0.7720 

Critical T Value 2.010 Critical Value for Comparison 1.5514 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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B) Completely Randomized AOV for the ratio of TNF-α  

 
 

Source         DF        SS        MS       F        P 

Treatment      6     1306.07   217.678    47.2    0.0000 

Error         49     225.85     4.609 

Total         55     1531.91 

 

Grand Mean 6.3264    CV 33.94 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     64.2    6   0.0000 

Cochran's Q                 0.4935 

Largest Var / Smallest Var 414.48 

 

Component of variance for between groups   26.6336 

Effective cell size                            8.0 

 

Treatment          Mean 

AH                0.537 

Clover            9.555 

Kanuka           10.309 

LPS              13.983 

Manuka            6.620 

Royal Jelly       2.281 

Untreated         1.000 

Observations per Mean            8 

Standard Error of a Mean    0.7590 

Std Error (Diff of 2 Means) 1.0734 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 
Treatment          Mean       Homogeneous Groups 

LPS           13.983         A 

Kanuka        10.309         B 

Clover         9.5548        B 

Manuka         6.6199        C 

Royal Jell     2.2806        D 

Untreated      1.0000        D 

AH             0.5367        D 

 

Alpha 0.05     Standard Error for Comparison 1.0734 

Critical T Value 2.010 Critical Value for Comparison 2.1572 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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C) Completely Randomized AOV for the ratio of TNF-α  

 

Source         DF        SS        MS       F        P 

Treatment      6      258.660   43.1100    11.1   0.0000 

Error         49      191.043    3.8988 

Total         55      449.703 

 

Grand Mean 2.8594    CV 69.06 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     82.3    6   0.0000 

Cochran's Q                 0.6083 

Largest Var / Smallest Var 361.73 

 

Component of variance for between groups   4.90140 

Effective cell size                            8.0 

 

Treatment      Mean 

AH            0.9564 

Clover        4.0657 

Kanuka        4.5366 

LPS           6.8515 

Manuka        1.6208 

Royal Jelly   0.9846 

Untreated     1.0000 

Observations per Mean            8 

Standard Error of a Mean    0.6981 

Std Error (Diff of 2 Means) 0.9873 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 
 

Treatment          Mean        Homogeneous Groups 

LPS               6.8515             A 

Kanuka            4.5366             B 

Clover            4.0657             BC 

Manuka            2.3959             CD 

Untreated         1.0000             D 

Royal Jelly       0.9846             D 

AH                0.9564             D 

 

Alpha 0.05     Standard Error for Comparison 1.0096 

Critical T Value 2.010   Critical Value for Comparison 2.0288 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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Chapter 4 

 

4.7 The effect of lactoferrin on the ability of kanuka honey and kanuka honey-derived 

AGPs to stimulate TNF-α release from monocytes 

 

A) Completely Randomized AOV for the ratio of TNF-α  

 

Source        DF        SS        MS       F        P 

Treatment      7     29654.9   4236.42    59.0   0.0000 

Error         56     4020.8     71.80 

Total         63     33675.7 

 

Grand Mean 17.104    CV 49.54 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      181    7   0.0000 

Cochran's Q                 0.3682 

Largest Var / Smallest Var 387062 

 

Component of variance for between groups   520.577 

Effective cell size                            8.0 

 

Treatment                 Mean 

AGP                      2.901 

AGP + Lactoferrin        0.704 

Kanuka                  29.509 

Kanuka + Lactoferrin    10.009 

Lactoferrin              1.395 

LPS                     66.814 

LPS + Lactoferrin       24.502 

Untreated                1.000 

Observations per Mean            8 

Standard Error of a Mean    2.9958 

Std Error (Diff of 2 Means) 4.2367 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                Mean         Homogeneous Groups 

LPS                     66.814               A 

Kanuka                  29.509               B 

LPS + Lactoferrin       24.502               B 

Kanuka + Lactoferrin    10.009               C 

AGP                      2.9014             CD 

Lactoferrin              1.3949              D 

Untreated                1.0000              D 

AGP + Lactoferrin        0.7044              D 
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Alpha 0.05     Standard Error for Comparison 4.2367 

Critical T Value 2.003   Critical Value for Comparison 8.4872 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

B) Completely Randomized AOV for the ratio of TNF-α  

 

Source         DF        SS        MS       F        P 

Treatment      7      187.684   26.8120    33.4   0.0000 

Error         56       44.980    0.8032 

Total         63      232.663 

 

Grand Mean 2.2357    CV 40.09 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      107    7   0.0000 

Cochran's Q                 0.8585 

Largest Var / Smallest Var 3341.6 

 

Component of variance for between groups   3.25109 

Effective cell size                            8.0 

 

Treatment                 Mean 

AGP                      2.4250 

AGP + Lactoferrin        0.8175 

Kanuka                   3.7869 

Kanuka + Lactoferrin     0.9570 

Lactoferrin              0.7806 

LPS                      5.9403 

LPS + Lactoferrin        2.1780 

Untreated                1.0000 

Observations per Mean            8 

Standard Error of a Mean    0.3169 

Std Error (Diff of 2 Means) 0.4481 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                   Mean         Homogeneous Groups 

LPS                        5.9403              A 

Kanuka                     3.7869              B 

AGP                        2.4250              C 

LPS + Lactoferrin          2.1780              C 

Untreated                  1.0000              D 

Kanuka + Lactoferrin       0.9570              D 

AGP + Lactoferrin          0.8175              D 

Lactoferrin                0.7806              D 
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Alpha 0.05     Standard Error for Comparison 0.4481 

Critical T Value 2.003    Critical Value for Comparison 0.8977 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

4.8 Measurement of the immunostimulatory activity of fractions obtained following 

fractionation of kanuka honey on PmB-agarose 

 

A) Completely Randomized AOV for the ratio of TNF-α  

 

Source         DF        SS        MS       F        P 

Treatment      7       2735.70   390.815    51.8   0.0000 

Error         56        422.41     7.543 

Total         63       3158.11 

 

Grand Mean 4.8701    CV 56.39 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     92.0    7   0.0000 

Cochran's Q                 0.6291 

Largest Var / Smallest Var 1456.9 

 

Component of variance for between groups   47.9090 

Effective cell size                            8.0 

 

Treatment            Mean 

AH                   0.662 

Flow-through         3.011 

G-HCl                0.410 

Kanuka               6.212 

LPS                 21.425 

MgCl2                1.717 

Untreated            1.000 

Urea                 4.524 

Observations per Mean            8 

Standard Error of a Mean    0.9710 

Std Error (Diff of 2 Means) 1.3732 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment               Mean       Homogeneous Groups 

LPS                    21.425            A 

Kanuka                  6.2120           B 

Urea                    4.5239          BC 

Flow-through            3.0108          CD 

MgCl2                   1.7168           D 

Untreated               1.0000           D 
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AH                      0.6622           D 

G-HCl                   0.4101           D 

 

Alpha 0.05     Standard Error for Comparison 1.3732 

Critical T Value 2.003    Critical Value for Comparison 2.7509 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α  

 

Source         DF        SS        MS       F        P 

Treatment      7      4232.93   604.704    83.6   0.0000 

Error         56      405.16     7.235 

Total         63      4638.09 

 

Grand Mean 10.572    CV 25.44 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     67.3    7   0.0000 

Cochran's Q                 0.2749 

Largest Var / Smallest Var 590.48 

 

Component of variance for between groups   74.6836 

Effective cell size                            8.0 

 

Treatment              Mean 

AH                    0.697 

Flow-through         12.932 

G-HCl                 0.641 

Kanuka               19.752 

LPS                  20.831 

MgCl2                11.402 

Untreated             1.000 

Urea                 17.322 

Observations per Mean            8 

Standard Error of a Mean    0.9510 

Std Error (Diff of 2 Means) 1.3449 

 

LSD All-Pairwise Comparisons Test of the ratio of TNF-α by 

Treatment 

 

Treatment               Mean           Homogeneous Groups 

LPS                    20.831                 A 

Kanuka                 19.752                AB 

Urea                   17.322                 B 

Flow-through           12.932                 C 

MgCl2                  11.402                 C 

Untreated              1.0000                 D 

AH                     0.6972                 D 

G-HCl                  0.6406                 D 
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Alpha 0.05        Standard Error for Comparison 1.3449 

Critical T Value 2.003   Critical Value for Comparison 2.6942 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

4.9 Effect of heat treatment on the immunostimulatory activity of kanuka honey 

components fractionated on PmB-agarose 

 

A) Completely Randomized AOV for the ratio of TNF-α  

 

 

Source        DF        SS        MS       F        P 

Treatment      5      955.57   191.114    77.7   0.0000 

Error         42      103.37     2.461 

Total         47     1058.94 

 

Grand Mean 5.9155    CV 26.52 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     38.1    5   0.0000 

Cochran's Q                 0.5563 

Largest Var / Smallest Var 509.40 

 

Component of variance for between groups   23.5816 

Effective cell size                            8.0 

 

Treatment            Mean 

Flow-through        3.509 

Heat flow-through   3.708 

Heat urea eluate    6.903 

Kanuka             15.043 

Untreated           1.000 

Urea eluate         5.330 

Observations per Mean            8 

Standard Error of a Mean    0.5547 

Std Error (Diff of 2 Means) 0.7844 

 

LSD All-Pairwise Comparisons Test ratio of TNF-α by Treatment  

 

Treatment              Mean     Homogeneous Groups 

Kanuka                15.043           A 

Heat urea              6.9029          B 

Urea eluate            5.3299          B 

Heat flow-through      3.7081          C 

Flow-through           3.5094          C 

Untreated              1.0000          D 

 

Alpha 0.05     Standard Error for Comparison 0.7844 

Critical T Value 2.018   Critical Value for Comparison 1.5830 
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There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

B) Completely Randomized AOV for the ratio of TNF-α  

 

 

Source        DF        SS        MS       F        P 

Treatment      5     501.370   100.274    11.6   0.0000 

Error         42     364.563     8.680 

Total         47     865.932 

 

Grand Mean 6.3947    CV 46.07 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     47.4    5   0.0000 

Cochran's Q                 0.7073 

Largest Var / Smallest Var 826.68 

 

Component of variance for between groups   11.4492 

Effective cell size                            8.0 

 

Treatment              Mean 

Flow-through          5.770 

Heat flow-through     5.523 

Heat urea             7.865 

Kanuka               11.895 

Untreated             1.000 

Urea eluate           6.316 

Observations per Mean            8 

Standard Error of a Mean    1.0416 

Std Error (Diff of 2 Means) 1.4731 

 

LSD All-Pairwise Comparisons Test ratio of TNF-α by Treatment  

 

Treatment             Mean         Homogeneous Groups 

Kanuka               11.895              A 

Heat urea             7.8647             B 

Urea eluate           6.3159             B 

Flow-through          5.7701             B 

Heat flow-through     5.5226             B 

Untreated             1.0000             C 

 

Alpha 0.05     Standard Error for Comparison 1.4731 

Critical T Value 2.018    Critical Value for Comparison 2.9728 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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4.10 Measurement of the effect of Cobalt 60 irradiation on the immunostimulatory 

activities of kanuka honey and LPS 

 
A) Completely Randomized AOV for the ratio of TNF-α  

 

Source        DF        SS        MS       F        P 

Treatment      4     1480.51   370.129    14.8   0.0000 

Error         35      873.86    24.967 

Total         39     2354.38 

 

Grand Mean 11.523    CV 43.37 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     40.2    4   0.0000 

Cochran's Q                 0.3919 

Largest Var / Smallest Var 1355.2 

 

Component of variance for between groups   43.1452 

Effective cell size                            8.0 

 

Treatment            Mean 

Kanuka              12.996 

LPS                 19.859 

Rkanuka             12.980 

RLPS                10.778 

Untreated            1.000 

Observations per Mean            8 

Standard Error of a Mean    1.7666 

Std Error (Diff of 2 Means) 2.4984 

 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment  

 

Treatment            Mean        Homogeneous Groups 

LPS                 19.859            A 

Kanuka              12.996            B 

Rkanuka             12.980            B 

RLPS                10.778            B 

Untreated           1.0000            C 

 

Alpha 0.05     Standard Error for Comparison 2.4984 

Critical T Value 2.030   Critical Value for Comparison 5.0720 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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B) Completely Randomized AOV for TNF-α (pg/mL) 

 

 

Source        DF        SS        MS       F        P 

Treatent      4      2471.19   617.798    33.5   0.0000 

Error        35       644.68    18.419 

Total        39      3115.87 

 

Grand Mean 14.190    CV 30.24 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     46.1    4   0.0000 

Cochran's Q                 0.6339 

Largest Var / Smallest Var 1897.1 

 

Component of variance for between groups   74.9224 

Effective cell size                            8.0 

 

Treatment       Mean 

Kanuka         18.282 

LPS            23.778 

Rkanuka        17.561 

RLPS           10.331 

Untreated       1.000 

Observations per Mean            8 

Standard Error of a Mean    1.5174 

Std Error (Diff of 2 Means) 2.1459 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment  

 

Treatment             Mean      Homogeneous Groups 

LPS                  23.778           A 

Kanuka               18.282           B 

Rkanuka              17.561           B 

RLPS                 10.331           C 

Untreated            1.0000           D 

 

Alpha 0.05       Standard Error for Comparison 2.1459 

Critical T Value 2.030   Critical Value for Comparison 4.3564 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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4.11 Measurement of the immunostimulatory properties of fractions obtained during 

the purification of AGPs from kanuka honey 

 
A) Completely Randomized AOV for the ratio of TNF-α  

 

 

Source         DF        SS        MS       F        P 

Treatment      4      801.260   200.315     100   0.0000 

Error         35       69.988     2.000 

Total         39      871.249 

 

Grand Mean 4.4476    CV 31.79 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     6.94    4   0.1389 

Cochran's Q                 0.2947 

Largest Var / Smallest Var 7.1262 

 

Component of variance for between groups   24.7894 

Effective cell size                            8.0 

 

Treatment               Mean 

AGPs before             2.014 

AGPs with proteins     12.870 

AGPs without proteins   5.110 

Purified AGPs           1.734 

Untreated               0.511 

Observations per Mean            8 

Standard Error of a Mean    0.5000 

Std Error (Diff of 2 Means) 0.7070 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

 

Treatment                  Mean      Homogeneous Groups 

AGPs with proteins        12.870              A 

AGPs without proteins     5.1095              B 

AGPs before               2.0142              C 

Purified AGPs             1.7341             CD 

Untreated                 0.5105              D 

 

Alpha 0.05           Standard Error for Comparison 0.7070 

Critical T Value 2.030    Critical Value for Comparison 1.4354 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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A) Completely Randomized AOV for the ratio of TNF-α  

 

Source         DF        SS        MS       F        P 

Treatment      4        2494.04   623.509    77.3   0.0000 

Error         35         282.48     8.071 

Total         39        2776.52 

 

Grand Mean 7.8812    CV 36.05 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     47.3    4   0.0000 

Cochran's Q                 0.3999 

Largest Var / Smallest Var 4013.1 

 

Component of variance for between groups   76.9298 

Effective cell size                            8.0 

 

Treatment                  Mean 

AGPs before               4.446 

AGPs with proteins       23.173 

AGPs without proteins     7.178 

Purified AGPs             3.608 

Untreated                 1.000 

Observations per Mean            8 

Standard Error of a Mean    1.0044 

Std Error (Diff of 2 Means) 1.4205 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                  Mean          Homogeneous Groups 

AGPs with proteins         23.173                A 

AGPs without proteins       7.1779               B 

AGPs before                 4.4465              BC 

Purified AGPs               3.6080              CD 

Untreated                   1.0000               D 

 

Alpha 0.05        Standard Error for Comparison 1.4205 

Critical T Value 2.030   Critical Value for Comparison 2.8837 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

 

 

 

 

 

 



Data Analysis 

370 

 

4.13 Measurement of the immunostimulatory activities of LPS, kanuka honey, and 

honey AGPs following removal of lipid-containing molecules using LRA 
 

Completely Randomized AOV for the ratio of TNF-α  

 

Source         DF        SS        MS       F        P 

Treatment      6        3376.59   562.766    46.1   0.0000 

Error         49         598.74    12.219 

Total         55        3975.34 

 

Grand Mean 14.164    CV 24.68 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     40.2    6   0.0000 

Cochran's Q                 0.3408 

Largest Var / Smallest Var 605.45 

 

Component of variance for between groups   68.8183 

Effective cell size                            8.0 

 

Treatment                Mean 

AGPs                     8.651 

AGPs + LRA               7.339 

Kanuka                  22.155 

Kanuka + LRA            18.550 

LPS                     21.856 

LPS + LRA               19.601 

Untreated                1.000 

Observations per Mean            8 

Standard Error of a Mean    1.2359 

Std Error (Diff of 2 Means) 1.7478 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                    Mean          Homogeneous Groups 

Kanuka                      22.155                 A 

LPS                         21.856                AB 

LPS + LRA                   19.601                AB 

Kanuka + LRA                18.550                 B 

AGPs                         8.6514                C 

AGPs + LRA                   7.3389                C 

Untreated                    1.0000                D 

 

Alpha 0.05          Standard Error for Comparison 1.7478 

Critical T Value 2.010    Critical Value for Comparison 3.5123 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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4.15 Measurement of the immunostimulatory activity of fractions obtained from the 

fractionation of honey-derived AGPs on a PmB-agarose column 

 

Completely Randomized AOV for the ratio of TNF-α  

 

 

Source         DF        SS        MS       F        P 

Treatment      5       27865.4   5573.07     161   0.0000 

Error         42       1451.0     34.55 

Total         47       29316.4 

 

Grand Mean 14.165    CV 41.50 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      145    5   0.0000 

Cochran's Q                 0.9275 

Largest Var / Smallest Var 2536.7 

 

Component of variance for between groups   692.316 

Effective cell size                            8.0 

 

Treatment              Mean 

AGPs                  66.937 

First wash             0.957 

Flow-through           0.537 

Last wash              1.327 

Phospholipase C       14.230 

Untreated              1.000 

Observations per Mean            8 

Standard Error of a Mean    2.0781 

Std Error (Diff of 2 Means) 2.9389 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                     Mean        Homogeneous Groups 

AGPs                         66.937             A 

Phospholipase C              14.230             B 

Last wash                     1.3274            C 

Untreated                     1.0000            C 

First wash                    0.9567            C 

Flow-through                  0.5370            C 

 

Alpha 0.05           Standard Error for Comparison 2.9389 

Critical T Value 2.018    Critical Value for Comparison 5.9309 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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Chapter 5 

 

5.8 Apisimin stimulates the release of TNF-α from blood 

monocytes 

 

Completely Randomized AOV for ratio of TNF-α (pg/mL) 

 

Source        DF       SS          MS       F        P 

Treatment      4     59305.5    14826.4   20.4     0.0000 

Error         15     10896.1    726.4 

Total         19     70201.7 

 

Grand Mean 57.472    CV 46.90 

                                                                                                                                                  

Chi-Sq   DF       P 

Bartlett's Test of Equal Varianc    23.6    4       0.0001 

Cochran's Q                 0.8386 

Largest Var / Smallest Var 397.02 

 

Component of variance for between groups   3524.99 

Effective cell size                            4.0 

 

Treatment                   Mean 

5                           11.67 

10                          16.68 

15                          29.27 

20                          72.00 

25                         157.76 

Observations per Mean            4 

Standard Error of a Mean    13.476 

Std Error (Diff of 2 Means) 19.058 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment        Mean     Homogeneous Groups 

25              157.76           A 

20              71.996          B 

15              29.266          C 

10              16.675          C 

5               11.666          C 

0               1.9711          C 

 

Alpha 0.05            Standard Error for Comparison 17.398 

Critical T Value 2.101   Critical Value for Comparison 36.552 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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5.9 Testing the sensitivity of the immunostimulatory 

activities of kanuka honey AGPs and apisimin to inhibition by 

PmB treatment 

 

Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment      5     10481.2   2096.23     237   0.0000 

Error         42     371.7      8.85 

Total         47     10852.8 

 

Grand Mean 9.6602    CV 30.79 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     86.2    5   0.0000 

Cochran's Q                 0.8817 

Largest Var / Smallest Var 726.11 

 

Component of variance for between groups   260.923 

Effective cell size                            8.0 

 

Treatment           Mean 

AGPs               42.441 

AGPs + PmB          2.237 

Apisimin            5.986 

Apisimin + PmB      5.044 

PmB                 1.255 

Untreated           1.000 

Observations per Mean            8 

Standard Error of a Mean    1.0517 

Std Error (Diff of 2 Means) 1.4874 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

 

Treatment              Mean               Homogeneous Groups 

AGPs                  42.441                    A 

Apisimin              5.9856                    B 

Apisimin + PmB        5.0439                    BC 

AGPs + PmB            2.2366                    CD 

PmB                   1.2546                    D 

Untreated             1.0000                    D 

 

Alpha          0.05     Standard Error for Comparison 1.4874 

Critical T Value 2.018   Critical Value for Comparison 3.0017 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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5.10 The immunostimulatory activity of apisimin is heat-stable 

 

Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

 

Source         DF        SS        MS       F        P 

Treatment      3      559.644   186.548    56.9   0.0000 

Error          28      91.802     3.279 

Total          31     651.446 

 

Grand Mean 8.2317    CV 22.00 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     35.6    3   0.0000 

Cochran's Q                 0.4052 

Largest Var / Smallest Var 812.54 

 

Component of variance for between groups   22.9087 

Effective cell size                            8.0 

 

Treatment                      Mean 

Heat treated 37˚C             10.531 

Heat treated apisimin 100˚C   11.020 

No apisimin                    1.000 

Untreated apisimin            10.376 

Observations per Mean            8 

Standard Error of a Mean    0.6402 

Std Error (Diff of 2 Means) 0.9053 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

 

Treatment                           Mean    Homogeneous Groups 

Heat treated apisimin 100˚C        11.020            A 

Heat treated 37˚C                  10.531            A 

Untreated apisimin                 10.376            A 

No apisimin                        1.0000            B 

 

Alpha          0.05     Standard Error for Comparison 0.9053 

Critical T Value 2.048   Critical Value for Comparison 1.8545 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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Chapter 6 

 

6.2 The combination effect of apisimin and AGPs on stimulation 

of TNF-α release from blood monocytes and PBMNCs 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source         DF        SS        MS       F        P 

Treatment      3       9376.3   3125.43    16.7   0.0000 

Error          28      5247.9    187.43 

Total          31     14624.2 

 

Grand Mean 14.701    CV 93.12 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     88.6    3   0.0000 

Cochran's Q                 0.9340 

Largest Var / Smallest Var 103239 

 

Component of variance for between groups   367.250 

Effective cell size                            8.0 

 

Treatment               Mean 

AGPs                   10.128 

AGPs + apisimin        43.793 

Apisimin                3.883 

Untreated               1.000 

Observations per Mean            8 

Standard Error of a Mean    4.8403 

Std Error (Diff of 2 Means) 6.8452 

 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                 Mean          Homogeneous Groups 

AGPs + apisimin          43.793                  A 

AGPs                     10.128                  B 

Apisimin                 3.8826                  B 

Untreated                1.0000                  B 

 

Alpha       0.05     Standard Error for Comparison 6.8452 

Critical T Value 2.048    Critical Value for Comparison 14.022 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source         DF        SS        MS       F        P 

Treatment      3       2287.42   762.475    14.8   0.0000 

Error          28      1445.22    51.615 

Total          31      3732.64 

 

Grand Mean 9.5382    CV 75.32 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     56.6    3   0.0000 

Cochran's Q                 0.8879 

Largest Var / Smallest Var 2779.3 

 

Component of variance for between groups   88.8575 

Effective cell size                            8.0 

 

Treatment              Mean 

AGPs                  5.584 

AGPs + apisimin      23.510 

Apisimin              8.059 

Untreated             1.000 

Observations per Mean            8 

Standard Error of a Mean    2.5401 

Std Error (Diff of 2 Means) 3.5922 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                Mean              Homogeneous Groups 

AGPs + apisimin         23.510                      A 

Apisimin                8.0590                      B 

AGPs                    5.5840                      B 

Untreated               1.0000                      B 

 

Alpha    0.05     Standard Error for Comparison 3.5922 

Critical T Value 2.048   Critical Value for Comparison 7.3582 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 

 

C) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment      3      923.49   307.830    18.9   0.0000 

Error         28      455.02    16.251 

Total         31     1378.51 

 

Grand Mean 9.0998    CV 44.30 
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                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     20.6    3   0.0001 

Cochran's Q                 0.4347 

Largest Var / Smallest Var 81.788 

 

Component of variance for between groups   36.4474 

Effective cell size                            8.0 

 

Treatment              Mean 

AGPs                  8.986 

AGPs + apisimin      16.043 

Apisimin             10.370 

Untreated             1.000 

Observations per Mean            8 

Standard Error of a Mean    1.4253 

Std Error (Diff of 2 Means) 2.0156 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                Mean        Homogeneous Groups 

AGPs + apisimin         16.043            A 

Apisimin                10.370            B 

AGPs                    8.9863            B 

Untreated               1.0000            C 

 

Alpha         0.05     Standard Error for Comparison 2.0156 

Critical T Value 2.048    Critical Value for Comparison 4.1288 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

6.4 The combination effect of apisimin and Gum AGPs on 

stimulation of TNF-α release from blood monocytes 

 

Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF       SS        MS       F        P 

Treatment      8     102942   12867.8     256   0.0000 

Error         63       3169      50.3 

Total         71     106111 

 

Grand Mean 31.533    CV 22.49 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      166    8   0.0000 

Cochran's Q                 0.6955 

Largest Var / Smallest Var   39825 

 

 

Component of variance for between groups   1602.19 
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Effective cell size                            8.0 

 

Treatment                Mean 

AGPs                    14.844 

AGPs + apisimin         63.603 

AH                       0.629 

Apisimin                 7.668 

Gum AGP                  3.304 

Gum AGP + apisimin       5.964 

Kanuka                  92.948 

LPS                     93.834 

Untreated                1.000 

Observations per Mean            8 

Standard Error of a Mean    2.5075 

Std Error (Diff of 2 Means) 3.5461 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                  Mean          Homogeneous Groups 

LPS                       93.834                  A 

Kanuka                    92.948                  A 

AGPs + apisimin           63.603                  B 

AGPs                      14.844                  C 

Apisimin                  7.6682                  D 

Gum AGP + apisimin        5.9642                  D 

Gum AGP                   3.3036                  D 

Untreated                 1.0000                  D 

AH                        0.6287                  D 

 

Alpha    0.05     Standard Error for Comparison 3.5461 

Critical T Value 1.998   Critical Value for Comparison 7.0864 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

6.7 Measurement by ELISA of TNF-α release from blood monocytes 

following stimulation by LPS in the presence or absence of 

apisimin 

 

Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF     SS      MS        F        P 

Treatment  5   326882   65376.4 61.40 0.0000 

Error     42    44718   1064.7 

Total     47   371600 

 

Grand Mean 91.686 CV 35.59 
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Homogeneity of Variances      F    P 

Levene's Test           11.59 0.0000 

O'Brien's Test            9.87 0.0000 

Brown and Forsythe Test    22.14 0.0000 

 

Welch's Test for Mean Differences 

Source         DF    F        P 

Treatment  5.0 116.49 0.0000 

Error       16.5 

 

Component of variance for between groups 8038.97 

Effective cell size           8.0 

 

Treatment            Mean 

AGPs           36.28 

AGPs + apisimin    118.16 

Apisimin            4.90 

LPS          190.74 

LPS + apisimin          199.03 

Untreated            1.00 

Observations per Mean      8 

Standard Error of a Mean 11.536 

Std Error (Diff of 2 Means) 16.315 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                   Mean     Homogeneous Groups 

LPS + apisimin                  199.03            A 

LPS                  190.74            A 

AGPs + apisimin           118.16            B 

AGPs                  36.281            C 

Apisimin                  4.9049            CD 

Untreated                  1.0000            D 

 

Alpha  0.05 Standard Error for Comparison 16.315 

Critical T Value2.018 Critical Value for Comparison 32.925 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

6.8 Measurement of the effect of PmB on TNF-α release from 

blood monocytes following their stimulation by apisimin in 

combination with kanuka honey AGPs 

 

Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF   SS      MS       F        P 

Treatment  7 53377.4   7625.35 159.23 0.0000 

Error     56  2681.8     47.89 
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Total     63 56059.2 

 

Grand Mean 17.594 CV 39.33 

 

Homogeneity of Variances     F        P 

Levene's Test          5.70 0.0001 

O'Brien's Test          4.86 0.0002 

Brown and Forsythe Test  10.33 0.0000 

 

Welch's Test for Mean Differences 

Source        DF    F        P 

Treatment  7.0 67.16 0.0000 

Error 22.2 

 

Component of variance for between groups 947.183 

Effective cell size     8.0 

 

Treatment       Mean 

AGPs      35.004 

AGPs + apisimin      88.618 

AGPs + apisimin + PmB   2.925 

AGPs + PmB       1.384 

Apisimin       5.874 

Apisimin + PmB       4.780 

PmB       1.167 

Untreated       1.000 

Observations per Mean      8 

Standard Error of a Mean 2.4467 

Std Error (Diff of 2 Means) 3.4601 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment               Mean    Homogeneous Groups 

AGPs + apisimin              88.618            A 

AGPs              35.004            B 

Apisimin               5.8744            C 

Apisimin + PmB               4.7804            C 

AGPs + apisimin + PmB        2.9245            C 

AGPs + PmB               1.3844            C 

 

PmB               1.1669            C 

Untreated               1.0000            C 

 

Alpha  0.05 Standard Error for Comparison 3.4601 

Critical T Value 2.00 Critical Value for Comparison 6.9314 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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Chapter 8 

 

8.1 Measurement by ELISA of TNF-α release from blood monocytes 

following stimulation by New Zealand Medihoneys 

 

Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF      SS          MS        F        P 

Treatment 11   2820.62 256.420 48.55 0.0000 

Error     84    443.67   5.282 

Total     95   3264.29 

 

Grand Mean 5.5305 CV 41.56 

 

Homogeneity of Variances    F      P 

Levene's Test        6.61   0.0000 

O'Brien's Test        5.63   0.0000 

Brown and Forsythe Test  8.52   0.0000 

 

Welch's Test for Mean Differences 

Source       DF     F      P 

Treatment 11.0   39.12   0.0000 

Error 32.2 

 

Component of variance for between groups 31.3922 

Effective cell size           8.0 

 

Treatment   Mean    Treatment   Mean 

MH1           12.875     MH5       4.349 

WGH1           0.818     MH4       5.862 

MH7          14.738     MH6      13.429 

WGH2           0.829     WGH3       0.755 

MH2           9.165     WGH4       0.818 

MH3           7.728     Untreated  1.000 

Observations per Mean      8 

Standard Error of a Mean 0.8125 

Std Error (Diff of 2 Means) 1.1491 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                 Mean              Homogeneous Groups 

MH7                14.738               A 

MH6                13.429               A 

MH1                12.875               A 

MH2                9.1646               B 
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MH3                7.7281               B 

MH4                2.3490               C 

MH5                1.8619               C 

Untreated                1.0000               C 

WGH1                0.8291               C 

WGH2                0.8181               C 

WGH3                0.8181               C 

WGH4                0.7546               C 

 

Alpha  0.05 Standard Error for Comparison 1.1491 

Critical T Value 1.989 Critical Value for Comparison 2.2851 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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Chapter 9 

 

9.1 The effect of CU-CPT22 inhibitor on TNF-α release induced 

by LPS and New Zealand honeys 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source          DF     SS      MS        F        P 

Treatment      9   172710   19190.0 69.01 0.0000 

Error         70   19465     278.1 

Total         79   192174 

 

Grand Mean 50.109 CV 33.28 

 

Homogeneity of Variances    F      P 

Levene's Test        6.92   0.0000 

O'Brien's Test        5.89   0.0000 

Brown and Forsythe Test  7.14   0.0000 

 

Welch's Test for Mean Differences 

Source        DF   F         P 

Treatment  9.0 91.65 0.0000 

Error       27.1 

 

Component of variance for between groups 2363.99 

Effective cell size     8.0 

 

Treatment                     Mean 

Cells                     1.00 

Cells treatd with CUCPT-10uM         1.05 

Clover                   120.00 

Clover treated with CUCPT-10uM   17.28 

Kanuka                    88.77 

Kanuka treated with CUCPT-10uM    7.22 

LPS                   104.29 

LPS treated with CUCPT-10uM        50.33 

Manuka                   102.89 

Manuka treated with CUCPT-10uM    8.25 

Observations per Mean      8 

Standard Error of a Mean 5.8956 

Std Error (Diff of 2 Means) 8.3377 
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LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                  Mean    Homogeneous Groups 

Clover                 120.00      A 

LPS                 104.29      AB 

Manuka                 102.89      B 

Kanuka                 88.774      B 

LPS treated with CUCPT-10uM     50.332      C 

Clover treated with CUCPT-10uM    17.283      D 

Manuka treated with CUCPT-10uM    8.2463      D 

Kanuka treated with CUCPT-10uM    7.2240      D 

Cells treatd with CUCPT-10uM     1.0519      D 

Cells                 1.0000      D 

 

Alpha  0.05 Standard Error for Comparison 8.3377 

Critical T Value 1.994 Critical Value for Comparison 16.629 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF       SS        MS       F       P 

Treatment      9    154313   17145.9    26.9   0.0000 

Error         70     44583     636.9 

Total         79    198896 

 

Grand Mean 66.138    CV 38.16 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      156    9   0.0000 

Cochran's Q                 0.4114 

Largest Var / Smallest Var 362170 

 

Component of variance for between groups   2063.62 

Effective cell size                            8.0 

 

Treatment                                   Mean 

Cells                                       1.00 

Cells treated with CUCPT-5uM                1.05 

Clover                                    120.00 

Clover treated with CUCPT-5uM              72.78 

Kanuka                                     88.77 

Kanuka treated with CUCPT-5uM              21.54 

LPS                                       104.29 

LPS treated with CUCPT-5uM                109.28 

Manuka                                    102.89 

Manuka treated with CUCPT-5uM              39.77 

Observations per Mean            8 
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Standard Error of a Mean    8.9226 

Std Error (Diff of 2 Means) 12.618 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

Treatment                 Mean    Homogeneous Groups 

Clover                120.00             A 

LPS treated with CUCPT-5uM    109.28             AB 

LPS                104.29             AB 

Manuka                102.89             AB 

Kanuka                88.774             BC 

Clover treated with CUCPT-5uM    72.784              C 

Manuka treated with CUCPT-5uM    39.767              D 

Kanuka treated with CUCPT-5uM    21.542             DE 

Cells treatd with CUCPT-5uM    1.0514              E 

Cells                1.0000              E 

 

Alpha  0.05 Standard Error for Comparison 12.618 

Critical T Value1.994 Critical Value for Comparison 25.167 

There are 5 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

9.2 The effect of IAXO-101 inhibitor TNF-α release induced by 

LPS and New Zealand honeys 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source         DF     SS      MS        F        P 

Treatment     9   125781   13975.6 26.22 0.0000 

Error        70    37306   532.9 

Total        79  163087 

 

Grand Mean 68.234 CV 33.83 

 

Homogeneity of Variances    F      P 

Levene's Test        5.81  0.0000 

O'Brien's Test        4.95  0.0000 

Brown and Forsythe Test  7.11  0.0000 

 

Welch's Test for Mean Differences 

Source        DF    F        P 

Treatment  9.0 104.03 0.0000 

Error       25.7 

 

Component of variance for between groups 1680.34 

Effective cell size     8.0 
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Treatment                     Mean 

Cells                     1.00 

Cells treatd with IAXO-10uM         6.20 

Clover                   120.00 

Clover treated with IAXO-10uM        44.74 

Kanuka                    88.77 

Kanuka treated with IAXO-10uM        54.41 

LPS                   104.29 

LPS treated with IAXO-10uM        60.90 

Manuka                   102.89 

Manuka treated with IAXO-10uM        99.14 

Observations per Mean      8 

Standard Error of a Mean 8.1620 

Std Error (Diff of 2 Means) 11.543 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                 Mean    Homogeneous Groups 

Clover                120.00           A 

LPS                104.29          AB 

Manuka                102.89          AB 

Manuka treated with IAXO-10uM    99.137          AB 

Kanuka                88.774           B 

LPS treated with IAXO-10uM    60.896           C 

Kanuka treated with IAXO-10uM    54.408           C 

Clover treated with IAXO-10uM    44.743           C 

Cells treatd with IAXO-10uM    6.2045           D 

Cells                1.0000           D 

 

Alpha  0.05 Standard Error for Comparison 11.543 

Critical T Value 1.994 Critical Value for Comparison 23.021 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source          DF     SS      MS        F        P 

Treatment      9   129815   14423.9 18.83 0.0000 

Error         70    53631   766.2 

Total         79   183446 

 

Grand Mean 81.393 CV 34.01 

 

Homogeneity of Variances     F        P 

Levene's Test         12.54 0.0000 

O'Brien's Test         10.68 0.0000 
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Brown and Forsythe Test  10.99 0.0000 

 

Welch's Test for Mean Differences 

Source         DF    F        P 

Treatment  9.0 149.96 0.0000 

Error       25.7 

 

Component of variance for between groups 1707.22 

Effective cell size     8.0 

 

Treatment                  Mean 

Cells                  1.00 

Cells treatd with IAXO-5uM      6.45 

Clover                120.00 

Clover treated with IAXO-5uM    109.43 

Kanuka                 88.77 

Kanuka treated with IAXO-5uM     78.11 

LPS                104.29 

LPS treated with IAXO-5uM    103.77 

Manuka                102.89 

Manuka treated with IAXO-5uM     99.22 

Observations per Mean      8 

Standard Error of a Mean 9.7862 

Std Error (Diff of 2 Means) 13.840 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment              Mean     Homogeneous Groups 

Clover             120.00              A 

Clover treated with IAXO-5uM 109.43             AB 

LPS             104.29            ABC 

LPS treated with IAXO-5uM 103.77            ABC 

Manuka             102.89            ABC 

Manuka treated with IAXO-5uM 99.225            ABC 

Kanuka             88.774             BC 

Kanuka treated with IAXO-5uM 78.111              C 

Cells treatd with IAXO-5uM 6.4456              D 

Cells             1.0000              D 

 

Alpha  0.05 Standard Error for Comparison 13.840 

Critical T Value 1.994 Critical Value for Comparison 27.602 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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9.3 The effect of CLI-095 inhibitor on TNF-α release induced 

by LPS and New Zealand honeys 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source          DF     SS      MS        F        P 

Treatment      9   205690   22854.4 96.34 0.0000 

Error         70   16606   237.2 

Total         79   222296 

 

Grand Mean 42.480 CV 36.26 

 

Homogeneity of Variances     F        P 

Levene's Test          7.68 0.0000 

O'Brien's Test          6.55 0.0000 

Brown and Forsythe Test  10.09 0.0000 

 

Welch's Test for Mean Differences 

Source        DF    F        P 

Treatment  9.0 81.97 0.0000 

Error       26.3 

 

Component of variance for between groups 2827.15 

Effective cell size     8.0 

 

Treatment                     Mean 

Cells                     1.00 

Cells treatd with CLI095-5µM         1.29 

Clover                   120.00 

Clover treated with CLI095-5µM    1.77 

Kanuka                    88.77 

Kanuka treated with CLI095-5µM    1.75 

LPS                   104.29 

LPS treated with CLI095-5µM         1.54 

Manuka                   102.89 

Manuka treated with CLI095-5µM    1.50 

 

Observations per Mean      8 

Standard Error of a Mean 5.4456 

Std Error (Diff of 2 Means) 7.7012 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                  Mean  Homogeneous Groups 

Clover                 120.00    A 

LPS                 104.29    B 

Manuka                 102.89   BC 

Kanuka                 88.774    C 

Clover treated with CLI095-5µM 1.7705    D 
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Kanuka treated with CLI095-5µM 1.7476    D 

LPS treated with CLI095-5µM      1.5445    D 

Manuka treated with CLI095-5µM 1.4960    D 

Cells treatd with CLI095-5µM      1.2916    D 

Cells                  1.0000    D 

 

Alpha  0.05 Standard Error for Comparison 7.7012 

Critical T Value 1.994 Critical Value for Comparison 15.360 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source         DF     SS      MS        F         P 

Treatment     9  203972   22663.5 95.37 0.0000 

Error        70  16635     237.6 

Total        79  220607 

 

Grand Mean 42.744 CV 36.07 

 

Homogeneity of Variances    F      P 

Levene's Test         7.67   0.0000 

O'Brien's Test         6.54   0.0000 

Brown and Forsythe Test   9.76   0.0000 

 

Welch's Test for Mean Differences 

Source         DF   F        P 

Treatment  9.0 82.69 0.0000 

Error 25.9 

 

Component of variance for between groups 2803.24 

Effective cell size     8.0 

 

Treatment                           Mean 

Cells                           1.00 

Cells treatd with CLI095-1µM               1.58 

Clover                         120.00 

Clover treated with CLI095-1µM          2.06 

Kanuka                          88.77 

Kanuka treated with CLI095-1µM          2.05 

LPS                         104.29 

LPS treated with CLI095-1µM               2.39 

Manuka                         102.89 

Manuka treated with CLI095-1µM          2.40 

Observations per Mean      8 

Standard Error of a Mean 5.4503 

Std Error (Diff of 2 Means) 7.7078 
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LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                   Mean   Homogeneous Groups 

Clover                  120.00     A 

LPS                  104.29     B 

Manuka                  102.89    BC 

Kanuka                  88.774     C 

Manuka treated with CLI095-1µM 2.4016     D 

LPS treated with CLI095-1µM      2.3944     D 

Clover treated with CLI095-1µM 2.0606     D 

Kanuka treated with CLI095-1µM 2.0485     D 

Cells treatd with CLI095-1µM      1.5817     D 

Cells                 1.0000     D 

 

Alpha  0.05 Standard Error for Comparison 7.7078 

Critical T Value 1.994 Critical Value for Comparison 15.373 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

9.4 The effect of LPS-RS inhibitor on TNF-α release induced by 

LPS and New Zealand honeys 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF     SS      MS        F        P 

Treatment    9  206728   22969.8 96.91 0.0000 

Error       70  16591     237.0 

Total       79  223319 

 

Grand Mean 42.322 CV 36.38 

 

Homogeneity of Variances     F        P 

Levene's Test          7.69 0.0000 

O'Brien's Test          6.55 0.0000 

Brown and Forsythe Test   10.28 0.0000 

 

Welch's Test for Mean Differences 

Source        DF   F         P 

Treatment  9.0 81.37 0.0000 

Error       27.2 

 

Component of variance for between groups 2841.59 

Effective cell size     8.0 

 

Treatment                          Mean 

Cells                          1.00 

Cells treatd with LPSRS-5µg/mL         1.10 
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Clover                        120.00 

Clover treated with LPSRS-5µg/mL         1.33 

Kanuka                         88.77 

Kanuka treated with LPSRS-5µg/mL         1.18 

LPS                        104.29 

LPS treated with LPSRS-5µg/mL              1.28 

Manuka                        102.89 

Manuka treated with LPSRS-5µg/mL         1.39 

Observations per Mean      8 

Standard Error of a Mean 5.4431 

Std Error (Diff of 2 Means) 7.6977 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                   Mean    Homogeneous Groups 

Clover                  120.00      A 

LPS                  104.29      B 

Manuka                  102.89     BC 

Kanuka                  88.774      C 

Manuka treated with LPSRS-5µg/mL 1.3866      D 

Clover treated with LPSRS-5µg/mL 1.3315      D 

LPS treated with LPSRS-5µg/mL      1.2753      D 

Kanuka treated with LPSRS-5µg/mL 1.1756      D 

Cells treatd with LPSRS-5µg/mL 1.0973      D 

Cells                  1.0000      D 

 

Alpha  0.05 Standard Error for Comparison 7.6977 

Critical T Value 1.994 Critical Value for Comparison 15.353 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source       DF     SS      MS        F        P 

Treatment   9  206724   22969.4 96.91 0.0000 

Error      70   16591     237.0 

Total      79  223315 

 

Grand Mean 42.323 CV 36.38 

 

Homogeneity of Variances     F        P 

Levene's Test           7.69 0.0000 

O'Brien's Test          6.55 0.0000 

Brown and Forsythe Test   10.29 0.0000 

 

Welch's Test for Mean Differences 

Source         DF   F         P 

Treatment  9.0 81.41 0.0000 

Error       27.2 
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Component of variance for between groups 2841.54 

Effective cell size     8.0 

 

Treatment                        Mean 

Cells                        1.00 

Cells treatd with LPSRS-1µg/mL       1.09 

Clover                      120.00 

Clover treated with LPSRS-1µg/mL       1.33 

Kanuka                       88.77 

Kanuka treated with LPSRS-1µg/mL       1.18 

LPS                      104.29 

LPS treated with LPSRS-1µg/mL            1.28 

Manuka                      102.89 

Manuka treated with LPSRS-1µg/mL       1.39 

Observations per Mean      8 

Standard Error of a Mean 5.4431 

Std Error (Diff of 2 Means) 7.6977 

 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                  Mean   Homogeneous Groups 

Clover                 120.00        A 

LPS                 104.29        B 

Manuka                 102.89       BC 

Kanuka                  88.774        C 

Manuka treated with LPSRS-1µg/mL 1.3887        D 

Clover treated with LPSRS-1µg/mL 1.3342        D 

LPS treated with LPSRS-1µg/mL      1.2774        D 

Kanuka treated with LPSRS-1µg/mL 1.1790        D 

 

Cells treatd with LPSRS-1µg/mL 1.0925        D 

Cells                  1.0000        D 

 

Alpha  0.05 Standard Error for Comparison 7.6977 

Critical T Value 1.994 Critical Value for Comparison 15.352 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

9.5 The effect of CU-CPT22 inhibitor on TNF-α release induced 

by apisimin 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source         DF      SS          MS        F        P 

Treatment      3   3931.74 1310.58 21.84 0.0000 

Error         28   1680.33   60.01 

Total         31   5612.06 
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Grand Mean 9.8598 CV 78.57 

 

Homogeneity of Variances    F      P 

Levene's Test        4.95   0.0070 

O'Brien's Test        4.22   0.0140 

Brown and Forsythe Test  8.77   0.0003 

 

Welch's Test for Mean Differences 

Source        DF   F         P 

Treatment  3.0 13.08 0.0003 

Error       12.7 

 

Component of variance for between groups 156.321 

Effective cell size     8.0 

 

Treatment                     Mean 

Apisimin                    28.182 

Apisimin treated with CUCPT-10µM    9.159 

Cells                    1.000 

Cells treatd with CUCPT-10µM        1.098 

Observations per Mean      8 

Standard Error of a Mean 2.7389 

Std Error (Diff of 2 Means) 3.8734 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                 Mean   Homogeneous Groups 

Apisimin                28.182        A 

Apisimin treated CUCPT-10µM    9.1592           B 

Cells treatd with CUCPT-10µM    1.0978           C 

Cells                1.0000           C 

 

Alpha  0.05 Standard Error for Comparison 3.8734 

Critical T Value 2.048 Critical Value for Comparison 7.9342 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

 

Source        DF    SS      MS   F        P 

Treatment    3 4024.15   1341.38 27.08 0.0000 

Error       28 1387.09     49.54 

Total       31 5411.24 

 

Grand Mean 10.967 CV 64.18 
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Homogeneity of Variances    F      P 

Levene's Test        5.11   0.0060 

O'Brien's Test        4.35   0.0123 

Brown and Forsythe Test  6.78   0.0014 

 

Welch's Test for Mean Differences 

Source        DF    F        P 

Treatment  3.0 28.44 0.0000 

Error       13.8 

 

Component of variance for between groups 161.480 

Effective cell size     8.0 

 

Treatment                       Mean 

Apisimin                      28.182 

Apisimin treated with CUCPT-5µM      13.709 

Cells                       1.000 

Cells treatd with CUCPT-5µM           0.977 

Observations per Mean      8 

Standard Error of a Mean 2.4884 

Std Error (Diff of 2 Means) 3.5192 

 

 

LSD All-Pairwise Comparisons Test of the ratio of TNF-α by 

Treatment 

 

Treatment                   Mean    Homogeneous Groups 

Apisimin                  28.182         A 

Apisimin treated with CUCPT-5µM 13.709         B 

Cells                  1.0000         C 

Cells treatd with CUCPT-5µM      0.9771         C 

 

Alpha  0.05 Standard Error for Comparison 3.5192 

Critical T Value 2.048 Critical Value for Comparison 7.2088 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

9.6 The effect of IAXO-101 inhibitor on TNF-α release induced 

by apisimin 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

 

Source        DF      SS          MS        F        P 

Treatment    3   3853.00 1284.33 28.91 0.0000 

Error       28   1244.01   44.43 

Total       31   5097.02 

 

Grand Mean 9.9242 CV 67.16 
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Homogeneity of Variances    F      P 

Levene's Test         5.56    0.0040 

O'Brien's Test         4.74    0.0085 

Brown and Forsythe Test   7.58    0.0007 

 

Welch's Test for Mean Differences 

Source         DF    F        P 

Treatment  3.0 282.68 0.0000 

Error       11.9 

 

Component of variance for between groups 154.988 

Effective cell size     8.0 

 

Treatment                      Mean 

Apisimin                     28.182 

Apisimin treated with IAXO-10µM     8.798 

Cells                      1.000 

Cells treatd with IAXO-10µM          1.717 

Observations per Mean      8 

Standard Error of a Mean 2.3566 

Std Error (Diff of 2 Means) 3.3328 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                   Mean    Homogeneous Groups 

Apisimin                   28.182       A 

Apisimin treated with IAXO-10µM  8.7981       B 

Cells treatd with IAXO-10µM       1.7167       C 

Cells                   1.0000       C 

 

Alpha  0.05 Standard Error for Comparison 3.3328 

Critical T Value 2.048 Critical Value for Comparison 6.8268 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF      SS          MS        F         P 

Treatment    3   3814.01 1271.34 27.95 0.0000 

Error       28   1273.75   45.49 

Total       31   5087.76 

 

Grand Mean 10.261 CV 65.73 

 

Homogeneity of Variances    F      P 

Levene's Test        5.47   0.0043 

O'Brien's Test        4.66   0.0091 
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Brown and Forsythe Test  6.92   0.0012 

 

 

Welch's Test for Mean Differences 

Source         DF     F      P 

Treatment  3.0  54.92   0.0000 

Error       11.7 

 

Component of variance for between groups 153.231 

Effective cell size     8.0 

 

Treatment                   Mean 

Apisimin                  28.182 

Apisimin treated with IAXO-5µM  9.952 

Cells                   1.000 

Cells treatd with IAXO-5µM       1.911 

Observations per Mean      8 

Standard Error of a Mean 2.3846 

Std Error (Diff of 2 Means) 3.3724 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                  Mean    Homogeneous Groups 

Apisimin                  28.182     A 

Apisimin treated with IAXO-5µM 9.9524     B 

Cells treatd with IAXO-5µM      1.9110     C 

Cells                 1.0000     C 

 

Alpha  0.05 Standard Error for Comparison 3.3724 

Critical T Value 2.048 Critical Value for Comparison 6.9079 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

9.7 The effect of CLI-095 inhibitor on TNF-α release induced 

by apisimin 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source         DF      SS          MS        F         P 

Treatment     3   3899.94 1299.98 28.77 0.0000 

Error        28   1265.30   45.19 

Total        31   5165.24 

 

Grand Mean 10.050 CV 66.89 

 

Homogeneity of Variances    F      P 

Levene's Test        5.50   0.0043 
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O'Brien's Test        4.68   0.0090 

Brown and Forsythe Test  7.33   0.0009 

 

 

Welch's Test for Mean Differences 

Source         DF   F         P 

Treatment  3.0 56.40 0.0000 

Error       12.3 

 

Component of variance for between groups 156.849 

Effective cell size     8.0 

 

Treatment                       Mean 

Apisimin                      28.182 

Apisimin treated with CLI095-5µM      9.726 

Cells                       1.000 

Cells treatd with CLI095-5µM           1.292 

Observations per Mean      8 

Standard Error of a Mean 2.3767 

Std Error (Diff of 2 Means) 3.3611 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                   Mean   Homogeneous Groups 

Apisimin                  28.182       A 

Apisimin treated with CLI095-5µM 9.7259       B 

Cells treatd with CLI095-5µM      1.2916       C 

Cells                 1.0000       C 

 

Alpha  0.05 Standard Error for Comparison 3.3611 

Critical T Value 2.048 Critical Value for Comparison 6.8850 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF      SS           MS   F        P 

Treatment    3   3870.14 1290.05 26.56 0.0000 

Error       28   1359.88   48.57 

Total       31   5230.01 

 

Grand Mean 10.608 CV 65.69 

 

Homogeneity of Variances    F      P 

Levene's Test        5.26   0.0053 

O'Brien's Test        4.48   0.0109 

Brown and Forsythe Test  6.95   0.0012 
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Welch's Test for Mean Differences 

Source         DF   F        P 

Treatment  3.0 28.20 0.0000 

Error       11.8 

 

Component of variance for between groups 155.185 

Effective cell size     8.0 

 

Treatment                     Mean 

Apisimin                    28.182 

Apisimin treated with CLI095-1µM   11.670 

Cells                    1.000 

Cells treatd with CLI095-1µM        1.582 

Observations per Mean      8 

Standard Error of a Mean 2.4639 

Std Error (Diff of 2 Means) 3.4845 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                   Mean    Homogeneous Groups 

Apisimin                  28.182         A 

Apisimin treated with CLI095-1µM 11.670         B 

Cells treatd with CLI095-1µM      1.5817         C 

Cells                  1.0000         C 

 

Alpha  0.05 Standard Error for Comparison 3.4845 

Critical T Value 2.048 Critical Value for Comparison 7.1377 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

9.8 The effect of LPS-RS inhibitor on TNF-α release induced by 

apisimin 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF    SS      MS     F    P 

Treatment  3 3934.61   1311.54  27.59 0.0000 

Error     28 1330.82     47.53 

Total     31 5265.43 

 

Grand Mean 10.368 CV 66.49 

 

Homogeneity of Variances    F      P 

Levene's Test        5.32   0.0050 

O'Brien's Test        4.53   0.0103 

Brown and Forsythe Test  7.01   0.0012 
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Welch's Test for Mean Differences 

Source         DF   F        P 

Treatment  3.0 28.99 0.0000 

Error 12.7 

 

Component of variance for between groups 158.001 

Effective cell size     8.0 

 

Treatment                       Mean 

Apisimin                       28.182 

Apisimin treated with LPS-RS 5µg/mL 11.198 

Cells                       1.000 

Cells treatd with LPS-RS 5µg/mL      1.093 

Observations per Mean      8 

Standard Error of a Mean 2.4375 

Std Error (Diff of 2 Means) 3.4471 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                      Mean Homogeneous Groups 

Apisimin                       28.182   A 

Apisimin treated with LPS-RS 5µg/mL 11.198   B 

Cells treatd with LPS-RS 5µg/mL      1.0925   C 

Cells                       1.0000   C 

 

Alpha  0.05 Standard Error for Comparison 3.4471 

Critical T Value 2.048 Critical Value for Comparison 7.0610 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF    SS    MS        F        P 

Treatment  3 3910.61 1303.54 29.37 0.0000 

Error     28 1242.53   44.38 

Total     31 5153.14 

 

Grand Mean 9.9373 CV 67.04 

 

Homogeneity of Variances    F      P 

Levene's Test        5.57   0.0040 

O'Brien's Test        4.74   0.0085 

Brown and Forsythe Test  7.73   0.0007 

 

Welch's Test for Mean Differences 

Source        DF    F        P 
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Treatment  3.0 201.43 0.0000 

Error       12.3 

 

Component of variance for between groups 157.395 

Effective cell size     8.0 

 

Treatment                        Mean 

Apisimin                       28.182 

Apisimin treated with LPS-RS 1µg/mL  9.331 

Cells                        1.000 

Cells treatd with LPS-RS 1µg/mL       1.236 

Observations per Mean      8 

Standard Error of a Mean 2.3552 

Std Error (Diff of 2 Means) 3.3308 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                      Mean Homogeneous Groups 

Apisimin                     28.182       A 

Apisimin treated with LPS-RS 1µg/mL   9.3307       B 

Cells treatd with LPS-RS 1µg/mL    1.2362       C 

Cells                     1.0000       C 

 

Alpha  0.05 Standard Error for Comparison 3.3308 

Critical T Value 2.048 Critical Value for Comparison 6.8228 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

9.9 The effect of CU-CPT22 inhibitor on TNF-α release induced 

by the combination of apisimin and kanuka honey AGPs 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF    SS      MS     F      P 

Treatment  5 2874.55   574.909   67.03   0.0000 

Error      42  360.25     8.577 

Total      47 3234.79 

 

Grand Mean 6.9106 CV 42.38 

 

Homogeneity of Variances    F      P 

Levene's Test        2.42   0.0516 

O'Brien's Test        2.06   0.0897 

Brown and Forsythe Test  6.44   0.0002 

 

Welch's Test for Mean Differences 

Source        DF   F        P 

Treatment  5.0 46.35 0.0000 
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Error       18.2 

 

Component of variance for between groups 70.7915 

Effective cell size     8.0 

 

Treatment                         Mean 

Apisimin + AGP + CU-CPT22-10µM    4.428 

AGPs                         1.192 

AGPs + apisimin                  21.984 

Apisimin                        11.809 

CU-CPT22                         1.052 

Untreated                         1.000 

Observations per Mean      8 

Standard Error of a Mean 1.0355 

Std Error (Diff of 2 Means) 1.4644 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                      Mean  Homogeneous Groups 

AGPs + apisimin               21.984   A 

Apisimin                      11.809   B 

Apisimin + AGPs + CU-CPT22-10µM 4.4277   C 

AGPs                      1.1917   D 

CU-CPT22                      1.0519   D 

Untreated                      1.0000   D 

 

Alpha  0.05 Standard Error for Comparison 1.4644 

Critical T Value 2.018 Critical Value for Comparison 2.9552 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source       DF    SS    MS        F        P 

Tratment   5 2823.07  564.614 76.40 0.0000 

Error      42  310.38    7.390 

Total      47 3133.45 

 

Grand Mean 7.3945 CV 36.76 

 

Homogeneity of Variances    F      P 

Levene's Test         2.42   0.0517 

O'Brien's Test         2.06   0.0899 

Brown and Forsythe Test   4.91   0.0013 

 

Welch's Test for Mean Differences 

Source        DF   F        P 

Tratment  5.0 59.04 0.0000 

Error       18.2 
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Component of variance for between groups 69.6530 

Effective cell size     8.0 

 

 

Treatment                         Mean 

Apisimin + AGPs + CU-CPT22-5µM    7.406 

AGPs                         1.192 

AGPs + apisimin                  21.984 

Apisimin                        11.809 

CU-CPT22-5µM                         0.977 

Untreated                         1.000 

Observations per Mean      8 

Standard Error of a Mean 0.9611 

Std Error (Diff of 2 Means) 1.3592 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment         Mean  Homogeneous Groups 

AGPs + apisimin 21.984        A 

Apisimin        11.809        B 

AA+ CU-CPT22-5µM 7.4063        C 

AGPs        1.1917        D 

Untreated        1.0000        D 

CU-CPT22-5µM        0.9765        D 

 

Alpha  0.05 Standard Error for Comparison 1.3592 

Critical T Value 2.018 Critical Value for Comparison 2.7430 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

9.10 The effect of IAXO-101 inhibitor on TNF-α release induced 

by the combination of kanuka honey AGPs and apisimin 

 

Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF    SS      MS     F    P 

Treatment  5 2810.48   562.097   79.82 0.0000 

Error      42  295.76     7.042 

Total      47 3106.24 

 

Grand Mean 7.0406 CV 37.69 

 

Homogeneity of Variances    F      P 

Levene's Test        2.49   0.0463 

O'Brien's Test        2.12   0.0818 

Brown and Forsythe Test  4.84   0.0014 
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Welch's Test for Mean Differences 

Source        DF   F        P 

Treatment  5.0 57.89 0.0000 

Error       16.8 

 

Component of variance for between groups 69.3819 

Effective cell size     8.0 

 

Treatment                          Mean 

Apisimin + AGPs + IAXO-101-10µM     4.543 

AGPs                          1.192 

AGPs + apisimin                   21.984 

Apisimin                         11.809 

IAXO-101-10µM                          1.717 

Untreated                          1.000 

Observations per Mean      8 

Standard Error of a Mean 0.9382 

Std Error (Diff of 2 Means) 1.3268 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment            Mean     Homogeneous Groups 

AGPs + apisimin    21.984            A 

Apisimin           11.809       B 

AA+ IAXO-101-10µM    4.5431            C 

IAXO-101-10µM           1.7167       D 

AGPs           1.1917       D 

Untreated           1.0000       D 

 

Alpha  0.05 Standard Error for Comparison 1.3268 

Critical T Value 2.018 Critical Value for Comparison 2.6776 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF    SS      MS   F         P 

Treatment  5 2768.44   553.688 71.08 0.0000 

Error      42  327.18   7.790 

Total      47 3095.62 

 

Grand Mean 7.1933 CV 38.80 

 

Homogeneity of Variances    F      P 

Levene's Test        2.38   0.0551 

O'Brien's Test        2.02   0.0949 
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Brown and Forsythe Test  4.74   0.0016 

 

Welch's Test for Mean Differences 

Source        DF    F         P 

Treatment  5.0 49.97 0.0000 

Error       16.8 

 

Component of variance for between groups 68.2372 

Effective cell size     8.0 

 

Treatment                       Mean 

Apisimin + AGPs + IAXO-101-5µM  5.265 

AGPs                       1.192 

AGPs + apisimin                 21.984 

Apisimin                       11.809 

IAXO-101-5µM                       1.911 

Untreated                       1.000 

Observations per Mean      8 

Standard Error of a Mean 0.9868 

Std Error (Diff of 2 Means) 1.3955 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment           Mean    Homogeneous Groups 

AGPs + apisimin   21.984         A 

Apisimin          11.809         B 

AA+ IAXO-101-5µM   5.2649         C 

IAXO-101-10µM          1.9110         D 

AGPs          1.1917         D 

Untreated          1.0000         D 

 

Alpha  0.05 Standard Error for Comparison 1.3955 

Critical T Value 2.018 Critical Value for Comparison 2.8163 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

9.11 The effect of CLI-095 inhibitor on TNF-α release induced 

by the combination of kanuka honey AGPs and apisimin 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF    SS     MS        F        P 

Treatment  5 2868.82   573.764 84.50 0.0000 

Error     42  285.18     6.790 

Total     47 3153.99 

 

Grand Mean 6.8769 CV 37.89 
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Homogeneity of Variances    F      P 

Levene's Test        2.54   0.0427 

O'Brien's Test        2.16   0.0764 

Brown and Forsythe Test  5.37   0.0007 

 

Welch's Test for Mean Differences 

Source         DF   F        P 

Treatment  5.0 70.58 0.0000 

Error       18.7 

 

Component of variance for between groups 70.8717 

Effective cell size     8.0 

 

Treatment                          Mean 

Apisimin + AGPs + CLI-095-5µM          3.926 

AGPs                          1.192 

AGPs + apisimin                   21.984 

Apisimin                         11.809 

CLI-095-5µM                          1.292 

Untreated                          1.060 

Observations per Mean      8 

Standard Error of a Mean 0.9213 

Std Error (Diff of 2 Means) 1.3029 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                  Mean Homogeneous Groups 

AGPs + apisimin           21.984         A 

Apisimin                  11.809         B 

AGPs+ apisimin + CLI-095-5µM  3.9259         C 

CLI-095-5µM                  1.2916         D 

AGPs                  1.1917         D 

Untreated                  1.0597         D 

 

Alpha  0.05 Standard Error for Comparison 1.3029 

Critical T Value 2.018 Critical Value for Comparison 2.6293 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source      DF      SS          MS        F        P 

Treatment  5   2830.38 566.077 77.96 0.0000 

Error     42    304.97   7.261 

Total     47   3135.35 

 

Grand Mean 6.9725 CV 38.65 
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Homogeneity of Variances    F      P 

Levene's Test         2.45   0.0492 

O'Brien's Test         2.09   0.0861 

Brown and Forsythe Test   4.72   0.0016 

 

Welch's Test for Mean Differences 

Source        DF   F        P 

Treatment  5.0 48.84 0.0000 

Error       18.1 

 

Component of variance for between groups 69.8519 

Effective cell size     8.0 

 

Treatment            Mean 

AA+ CLI-095-1µM     4.210 

AGPs           1.192 

AGPs + apisimin    21.984 

Apisimin          11.809 

CLI-095-1µM           1.582 

Untreated           1.060 

Observations per Mean      8 

Standard Error of a Mean 0.9527 

Std Error (Diff of 2 Means) 1.3473 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                  Mean   Homogeneous Groups 

AGPs + apisimin          21.984            A 

Apisimin                11.809            B 

AGPs + apisimin + CLI-095-1µM 4.2095            C 

CLI-095-1µM                 1.5817           CD 

AGPs                 1.1917            D 

Untreated                 1.0597            D 

 

Alpha  0.05 Standard Error for Comparison 1.3473 

Critical T Value 2.018 Critical Value for Comparison 2.7190 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

9.12 The effect of LPS-RS inhibitor on TNF-α release induced 

by the combination of kanuka honey AGPs, and apisimin 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source         DF      SS         MS        F        P 

Treatment     5   2892.73    578.546 80.10 0.0000 

Error        42    303.36 7.223 
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Total        47   3196.09 

 

Grand Mean 6.8319 CV 39.34 

 

Homogeneity of Variances    F      P 

Levene's Test        2.46   0.0482 

O'Brien's Test        2.10   0.0847 

Brown and Forsythe Test  5.31   0.0007 

 

Welch's Test for Mean Differences 

Source         DF    F         P 

Treatment  5.0 48.53 0.0000 

Error       17.5 

 

Component of variance for between groups 71.4154 

Effective cell size     8.0 

 

Treatment                         Mean 

AGPs + apisimin + LPS-RS-5µg/mL    3.910 

AGPs                         1.192 

AGPs + apisimin                  21.984 

Apisimin                        11.809 

LPS-RS-5µg/mL                         1.097 

Untreated                         1.000 

Observations per Mean      8 

Standard Error of a Mean 0.9502 

Std Error (Diff of 2 Means) 1.3438 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                       Mean   Homogeneous Groups 

AGPs + apisimin               21.984     A 

Apisimin                      11.809     B 

AGPs + apisimin + LPS-RS-5µg/mL 3.9100     C 

AGPs                      1.1917     D 

LPS-RS-5µg/mL                      1.0973     D 

Untreated                      1.0000     D 

 

Alpha  0.05 Standard Error for Comparison 1.3438 

Critical T Value 2.018 Critical Value for Comparison 2.7118 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

 

Source      DF    SS      MS     F      P 

Treatment  5 2890.00   577.999   81.73   0.0000 
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Error     42  297.01     7.072 

Total     47 3187.01 

 

Grand Mean 6.8213 CV 38.98 

 

Homogeneity of Variances    F      P 

Levene's Test        2.48   0.0465 

O'Brien's Test        2.12   0.0821 

Brown and Forsythe Test  5.08   0.0010 

 

Welch's Test for Mean Differences 

Source         DF     F    P 

Treatment  5.0   48.38 0.0000 

Error       18.5 

 

Component of variance for between groups 71.3659 

Effective cell size     8.0 

 

Treatment                         Mean 

AGPs + apisimin + LPS-RS-1µg/mL   3.713 

AGPs                        1.192 

AGPs + apisimin                 21.984 

Apisimin                       11.809 

LPS-RS-1µg/mL                        1.171 

Untreated                        1.060 

Observations per Mean      8 

Standard Error of a Mean 0.9402 

Std Error (Diff of 2 Means) 1.3296 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                       Mean   Homogeneous Groups 

AGPs + apisimin               21.984     A 

Apisimin                      11.809     B 

AGPs + apisimin + LPS-RS-1µg/mL 3.7133     C 

AGPs                      1.1917     C 

LPS-RS-1µg/mL                      1.1707     C 

Untreated                      1.0597     C 

 

Alpha  0.05 Standard Error for Comparison 1.3296 

Critical T Value 2.018 Critical Value for Comparison 2.6833 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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Chapter 10 

 

10.2 The effect of MGO on stimulation of blood monocytes by 

kanuka honey 

 

Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment     11     36458.7   3314.43    28.3   0.0000 

Error         84     9854.1    117.31 

Total         95     46312.8 

 

Grand Mean 12.657    CV 85.57 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      348   11   0.0000 

Cochran's Q                 0.7927 

Largest Var / Smallest Var   34379 

 

Component of variance for between groups   399.639 

Effective cell size                            8.0 

 

Treatment         Mean          Treatment         Mean 

Apisimin+ MGO2   9.343          Kanuka + MGO1    0.925 

AH               0.900          LPS + MGO2      0.905 

Apisimin        20.366          LPS            35.948 

Apisimin + MGO1 12.627          LPS + MGO1     0.876 

Kanuka + MGO2   0.815           MGO2           0.946 

Kanuka         67.232           Untreated      1.000 

Observations per Mean            8 

Standard Error of a Mean    3.8293 

Std Error (Diff of 2 Means) 5.4155 

 

 

LSD All-Pairwise Comparisons Test of V002 by V001 

 

Treatment                  Mean           Homogeneous Groups 

Kanuka                    67.232                 A 

LPS                       35.948                 B 

Apisimin                  20.366                 C 

Apisimin + MGO1           12.627                CD 

Apisimin + MGO2           9.3427                DE 

Untreated                 1.0000                 E 

MGO2                      0.9457                 E 

Kanuka + MGO1             0.9248                 E 

LPS + MGO2                0.9053                 E 

AH                        0.9001                 E 

LPS + MGO1                0.8758                 E 

Kanuka + MGO2             0.8147                 E 
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Alpha          0.05     Standard Error for Comparison 5.4155 

Critical T Value 1.989    Critical Value for Comparison 10.769 

There are 5 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

10.3 The effect of MGO on stimulation of blood monocytes by 

kanuka honey AGPs in combination with apisimin. 

 

Completely Randomized AOV for TNF-α (pg/mL) 
 

Source         DF        SS        MS        F       P 

Treatment      7      65052.0   9293.15     335   0.0000 

Error         56       1555.7     27.78 

Total         63      66607.8 

 

Grand Mean 19.648    CV 26.83 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      182    7   0.0000 

Cochran's Q                 0.8128 

Largest Var / Smallest Var   27724 

 

Component of variance for between groups   1158.17 

Effective cell size                            8.0 

 

Treatment                       Mean 

AGP + apisimin + MGO            5.68 

AGP                            30.80 

AGP + apisimin                100.29 

AGP + MGO                       0.95 

Apisimin                       12.40 

Apisimin + MGO                  4.86 

MGO                             1.20 

Untreated                       1.00 

Observations per Mean            8 

Standard Error of a Mean    1.8635 

Std Error (Diff of 2 Means) 2.6354 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 
Treatment 

 

Treatment                    Mean    Homogeneous Groups 

AGP + apisimin              100.29           A 

AGP                         30.802           B 

Apisimin                    12.398           C 

AGP + apisimin + MGO        5.6781           D 

Apisimin + MGO              4.8619           D 

MGO                         1.1990           D 
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Untreated                   1.0000           D 

AGP + MGO                   0.9526           D 

 

Alpha 0.05       Standard Error for Comparison 2.6354 

Critical T Value 2.003    Critical Value for Comparison 5.2793 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

10.4 The effect of MGO on the ability of LPS-induced release 

of TNF-α from blood leukocytes 

 

A) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS       MS       F        P 

Treatment    7   1506940   215277    85.4   0.0000 

Error       24     60499     2521 

Total       31   1567439 

 

Grand Mean 95.581    CV 52.53 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      155    7   0.0000 

Cochran's Q                 0.9983 

Largest Var / Smallest Var 805781 

 

Component of variance for between groups   53189.1 

Effective cell size                            4.0 

 

 Treatment             Mean 

  LPS                668.27 

  LPS + MGO1         4.98 

  LPS + MGO2         4.98 

  LPS + MGO3        53.54 

  MGO.1              4.98 

  MGO.2              5.73 

  MGO.3              8.04 

 Untreated          14.13 

Observations per Mean            4 

Standard Error of a Mean    25.104 

Std Error (Diff of 2 Means) 35.502 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                  Mean           Homogeneous Groups 

LPS                       668.27                A 

LPS + MGO3                53.543                B 

Untreated                 14.130                B 

MGO.3                     8.0378                B 

MGO.2                     5.7282                B 

LPS + MGO1                4.9818                B 
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MGO.1                     4.9812                B 

LPS + MGO2                4.9803                B 

 

Alpha 0.05             Standard Error for Comparison 35.502 

Critical T Value 2.064   Critical Value for Comparison 73.273 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 

 

B) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF       SS       MS       F        P 

Treatment    7   900562   128652    1835   0.0000 

Error       24     1683       70 

Total       31   902245 

 

Grand Mean 75.678    CV 11.06 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     76.9    7   0.0000 

Cochran's Q                 0.9401 

Largest Var / Smallest Var   12035 

 

Component of variance for between groups   32145.4 

Effective cell size                            4.0 

 

Treatment                   Mean 

LPS                        518.30 

LPS + MGO1                   6.53 

LPS + MGO2                   5.90 

LPS + MGO3                  44.69 

MGO.1                        5.64 

MGO.2                        5.48 

MGO.3                        8.12 

Untreated                   10.76 

Observations per Mean            4 

Standard Error of a Mean    4.1867 

Std Error (Diff of 2 Means) 5.9209 

 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                      Mean      Homogeneous Groups 

LPS                           518.30              A 

LPS + MGO3                    44.692              B 

Untreated                     10.758              C 

MGO.3                         8.1208              C 

LPS + MGO1                    6.5307              C 

LPS + MGO2                    5.8970              C 

MGO.1                         5.6446              C 

MGO.2                         5.4777              C 
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Alpha 0.05            Standard Error for Comparison 5.9209 

Critical T Value 2.064   Critical Value for Comparison 12.220 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

C) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS        MS       F      P 

Treatment    7   31135.1   4447.88     337   0.0000 

Error       24     316.3     13.18 

Total       31   31451.5 

 

Grand Mean 16.780    CV 21.63 

 

At least one group variance is near zero; variance-equality 

tests cannot be computed. 

 

Component of variance for between groups   1108.67 

Effective cell size                            4.0 

 

Treatment            Mean 

LPS                 99.252 

LPS + MGO1           6.969 

LPS + MGO2           4.572 

LPS + MGO3           5.353 

MGO.1                6.539 

MGO.2                4.040 

MGO.3                3.921 

Untreated            3.598 

Observations per Mean            4 

Standard Error of a Mean    1.8152 

Std Error (Diff of 2 Means) 2.5671 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                    Mean           Homogeneous Groups 

LPS                         99.252               A 

LPS + MGO1                  6.9692               B 

MGO.1                       6.5390               B 

LPS + MGO3                  5.3529               B 

LPS + MGO2                  4.5722               B 

MGO.2                       4.0399               B 

MGO.3                       3.9210               B 

Untreated                   3.5976               B 

 

Alpha 0.05               Standard Error for Comparison 2.5671 

Critical T Value 2.064   Critical Value for Comparison 5.2983 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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10.5 The effect of MGO on the ability of kanuka honey-induced 

release of TNF-α by blood leukocytes 

 

A) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS       MS       F      P 

Treatment    7   1023518   146217     215   0.0000 

Error       24     16319      680 

Total       31   1039837 

 

Grand Mean 75.014    CV 34.76 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      141    7   0.0000 

Cochran's Q                 0.9990 

Largest Var / Smallest Var 191679 

 

Component of variance for between groups   36384.2 

Effective cell size                            4.0 

 

Treatment              Mean 

Kanuka                548.13 

Kanuka + MGO1           5.15 

Kanuka + MGO2           5.40 

Kanuka + MGO3           8.56 

MGO.1                   4.98 

MGO.2                   5.73 

MGO.3                   8.04 

Untreated              14.13 

Observations per Mean            4 

Standard Error of a Mean    13.038 

Std Error (Diff of 2 Means) 18.438 

 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                  Mean          Homogeneous Groups 

Kanuka                    548.13              A 

Untreated                 14.130              B 

Kanuka + MGO3             8.5582              B 

MGO.3                     8.0378              B 

MGO.2                     5.7282              B 

Kanuka + MGO2             5.3956              B 

Kanuka + MGO1             5.1489              B 

MGO.1                     4.9812              B 

 

Alpha 0.05             Standard Error for Comparison 18.438 

Critical T Value 2.064   Critical Value for Comparison 38.055 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 

 



Data Analysis 

415 

 

 

B) Completely Randomized AOV for TNF-α (pg/mL) 

 

 

Source      DF        SS       MS       F      P 

Treatment    7   1414409   202058     244   0.0000 

Error       24     19888      829 

Total       31   1434297 

 

Grand Mean 86.656    CV 33.22 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances      124    7   0.0000 

Cochran's Q                 0.9961 

Largest Var / Smallest Var 150720 

 

Component of variance for between groups   50307.4 

Effective cell size                            4.0 

 

Treatment              Mean 

Kanuka                642.87 

Kanuka + MGO1           5.45 

Kanuka + MGO2           5.48 

Kanuka + MGO3           9.45 

MGO.1                   5.64 

MGO.2                   5.48 

MGO.3                   8.12 

Untreated              10.76 

Observations per Mean            4 

Standard Error of a Mean    14.393 

Std Error (Diff of 2 Means) 20.355 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                 Mean         Homogeneous Groups 

Kanuka                   642.87               A 

Untreated                10.758               B 

Kanuka + MGO3            9.4470               B 

MGO.3                    8.1208               B 

MGO.1                    5.6446               B 

Kanuka + MGO2            5.4815               B 

MGO.2                    5.4777               B 

Kanuka + MGO1            5.4469               B 

 

Alpha 0.05            Standard Error for Comparison 20.355 

Critical T Value 2.064   Critical Value for Comparison 42.011 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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C) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS        MS       F      P 

Treatment    7   28223.0   4031.86     314   0.0000 

Error       24     308.3     12.85 

Total       31   28531.3 

 

Grand Mean 16.728    CV 21.42 

 

At least one group variance is near zero; variance-equality 

tests cannot be computed. 

 

Component of variance for between groups   1004.75 

Effective cell size                            4.0 

 

Treatment               Mean 

Kanuka                 95.196 

Kanuka + MGO1           8.476 

Kanuka + MGO2           5.733 

Kanuka + MGO3           6.323 

MGO.1                   6.539 

MGO.2                   4.040 

MGO.3                   3.921 

Untreated               3.598 

Observations per Mean            4 

Standard Error of a Mean    1.7920 

Std Error (Diff of 2 Means) 2.5343 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                Mean         Homogeneous Groups 

Kanuka                  95.196             A 

Kanuka + MGO1           8.4761             B 

MGO.1                   6.5390             B 

Kanuka + MGO3           6.3232             B 

Kanuka + MGO2           5.7332             B 

MGO.2                   4.0399             B 

MGO.3                   3.9210             B 

Untreated               3.5976             B 

 

Alpha 0.05            Standard Error for Comparison 2.5343 

Critical T Value 2.064   Critical Value for Comparison 5.2305 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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10.6 The effect of MGO on the ability of LPS and kanuka honey-

induced release of TNF-α by blood monocytes  

 

A) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF          SS        MS       F        P 

Treatment   11   2.169E+07   1971373     158   0.0000 

Error       36      450525     12515 

Total       47   2.214E+07 

 

Grand Mean 466.50    CV 23.98 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      119   11   0.0000 

Cochran's Q                 0.8061 

Largest Var / Smallest Var 8773.5 

 

Component of variance for between groups    489715 

Effective cell size                            4.0 

 

Treatment         Mean          Treatment        Mean 

LPS              2160.1         MGO1             20.5 

LPS + MGO1         23.6         MGO2             37.1 

LPS + MGO2        109.2         MGO3             26.7 

LPS + MGO3        713.2         MGO4             25.0 

LPS + MGO4       1116.0         MGO5             68.9 

LPS + MGO5       1261.2         Untreated        36.4 

Observations per Mean            4 

Standard Error of a Mean    55.934 

Std Error (Diff of 2 Means) 79.103 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment              Mean          Homogeneous Groups 

LPS                   2160.1             A 

LPS+ MGO5             1261.2             B 

LPS + MGO4            1116.0             B 

LPS + MGO3            713.16             C 

LPS + MGO2            109.22             D 

MGO5                  68.901             D 

MGO2                  37.068             D 

Untreated             36.435             D 

MGO3                  26.700             D 

MGO4                  25.039             D 

LPS + MGO1            23.576             D 

MGO1                  20.503             D 

 

Alpha 0.05           Standard Error for Comparison 79.103 

Critical T Value 2.028   Critical Value for Comparison 160.43 



Data Analysis 

418 

 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

B) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF       SS        MS         F      P 

Treatment   11   1.336E+07   1215184    51.7   0.0000 

Error       36      845472     23485 

Total       47   1.421E+07 

 

Grand Mean 326.89    CV 46.88 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances      137   11   0.0000 

Cochran's Q                 0.5501 

Largest Var / Smallest Var 118536 

 

Component of variance for between groups    297925 

Effective cell size                            4.0 

 

 

Treatment              Mean           Treatment         Mean 

Kanuka                 1730.0         MGO1              20.5 

Kanuka + MGO1          13.5           MGO2              37.1 

Kanuka + MGO2          39.2           MGO3              26.7 

Kanuka + MGO3          181.0          MGO4              25.0 

Kanuka + MGO4          690.5          MGO5              68.9 

Kanuka + MGO5          1053.8         Untreated         36.4 

Observations per Mean            4 

Standard Error of a Mean    76.625 

Std Error (Diff of 2 Means) 108.36 

 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment             Mean         Homogeneous Groups 

Kanuka                1730.0             A 

Kanuka + MGO5         1053.8             B 

Kanuka + MGO4         690.49             C 

Kanuka + MGO3         180.97             D 

MGO5                  68.901             D 

Kanuka + MGO2         39.223             D 

MGO2                  37.068             D 

Untreated             36.435             D 

MGO3                  26.700             D 

MGO4                  25.039             D 

MGO1                  20.503             D 

Kanuka + MGO1         13.521             D 

 

Alpha 0.05             Standard Error for Comparison 108.36 

Critical T Value 2.028   Critical Value for Comparison 219.77 
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There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

10.7 The effect of MGO on the ability of apisimin-induced 

release of TNF-α from blood leukocytes 

 

A) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF      SS        MS       F       P 

Treatment    7   313656   44808.0     106   0.0000 

Error       24    10110     421.2 

Total       31   323766 

 

Grand Mean 102.92    CV 19.94 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances     74.1    7   0.0000 

Cochran's Q                 0.5052 

Largest Var / Smallest Var   27013 

 

Component of variance for between groups   11096.7 

Effective cell size                            4.0 

 

Treatment                  Mean 

Apisimin + MGO1            154.01 

Apisimin + MGO2            183.48 

Apisimin + MGO3            188.84 

Apisimin                   264.19 

MGO.1                        4.98 

MGO.2                        5.73 

MGO.3                        8.04 

Untreated                   14.13 

Observations per Mean            4 

Standard Error of a Mean    10.262 

Std Error (Diff of 2 Means) 14.513 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                 Mean           Homogeneous Groups 

Apisimin                 264.19              A 

Apisimin + MGO3          188.84              B 

Apisimin + MGO2          183.48              BC 

Apisimin + MGO1          154.01              C 

Untreated                14.130              D 

MGO.3                    8.0378              D 

MGO.2                    5.7282              D 

MGO.1                    4.9812              D 

 

Alpha 0.05            Standard Error for Comparison 14.513 

Critical T Value 2.064   Critical Value for Comparison 29.953 

There are 4 groups (A, B, etc.) in which the means are not 
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significantly different from one another. 

 

B) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF       SS        MS       F        P 

Treatment    7   271002   38714.6    92.5   0.0000 

Error       24    10048     418.7 

Total       31   281050 

 

Grand Mean 84.615    CV 24.18 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     61.1    7   0.0000 

Cochran's Q                 0.4409 

Largest Var / Smallest Var   33705 

 

Component of variance for between groups   9573.99 

Effective cell size                            4.0 

 

Treatment                Mean 

Apisimin + MGO1          99.02 

Apisimin + MGO2         119.68 

Apisimin + MGO3         147.14 

Apisimin                281.08 

MGO.1                     5.64 

MGO.2                     5.48 

MGO.3                     8.12 

Untreated                10.76 

Observations per Mean            4 

Standard Error of a Mean    10.231 

Std Error (Diff of 2 Means) 14.468 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                    Mean          Homogeneous Groups 

Apisimin                    281.08              A 

Apisimin + MGO3             147.14              B 

Apisimin + MGO2             119.68              BC 

Apisimin + MGO1             99.024              C 

Untreated                   10.758              D 

MGO.3                       8.1208              D 

MGO.1                       5.6446              D 

MGO.2                       5.4777              D 

 

Alpha 0.05            Standard Error for Comparison 14.468 

Critical T Value 2.064   Critical Value for Comparison 29.861 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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C) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF      SS        MS       F        P 

Treatment    7   4241.61   605.945    83.2   0.0000 

Error       24    174.78     7.283 

Total       31   4416.39 

 

Grand Mean 13.173    CV 20.49 

 

Component of variance for between groups   149.665 

Effective cell size                            4.0 

 

Treatment                 Mean 

Apisimin + MGO1           16.707 

Apisimin + MGO2           14.430 

Apisimin + MGO3           15.882 

Apisimin                  40.271 

MGO.1                      6.539 

MGO.2                      4.040 

MGO.3                      3.921 

Untreated                  3.598 

Observations per Mean            4 

Standard Error of a Mean    1.3493 

Std Error (Diff of 2 Means) 1.9082 

 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                   Mean          Homogeneous Groups 

Apisimin                   40.271               A 

Apisimin + MGO1            16.707               B 

Apisimin + MGO3            15.882               B 

Apisimin + MGO2            14.430               B 

MGO.1                      6.5390               C 

MGO.2                      4.0399               C 

MGO.3                      3.9210               C 

Untreated                  3.5976               C 

 

Alpha 0.05     Standard Error for Comparison 1.9082 

Critical T Value 2.064   Critical Value for Comparison 3.9384 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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10.8 Pretreatment effect of monocytes and PBMNCs with MGO on 

their ability to be stimulated by LPS and kanuka and manuka 

honey 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 
 

Source         DF       SS        MS       F        P 

Treatment      6     190.503   31.7504     104   0.0000 

Error         49      14.987    0.3059 

Total         55     205.490 

 

Grand Mean 1.4121    CV 39.17 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances     87.6    6   0.0000 

Cochran's Q                 0.8872 

Largest Var / Smallest Var 203.15 

 

Component of variance for between groups   3.93057 

Effective cell size                            8.0 

 

Treatment        Mean 

AH              0.4466 

Apisimin        5.9136 

Cells           0.5785 

Kanuka          0.6038 

LPS             0.6703 

Manuka          0.6716 

Untreated       1.0000 

Observations per Mean            8 

Standard Error of a Mean    0.1955 

Std Error (Diff of 2 Means) 0.2765 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α (pg/mL) by 

Treatment 

 

Treatment          Mean      Homogeneous Groups 

Apisimin          5.9136          A 

Untreated         1.0000          B 

Manuka            0.6716          B 

LPS               0.6703          B 

Kanuka            0.6038          B 

Cells             0.5785          B 

AH                0.4466          B 

 

Alpha 0.05               Standard Error for Comparison 0.2765 

Critical T Value 2.010   Critical Value for Comparison 0.5557 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source         DF        SS        MS       F        P 

Treatment      6      439.113   73.1855    34.5   0.0000 

Error         49      104.062    2.1237 

Total         55      543.175 

 

Grand Mean 1.9357    CV 75.29 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances      165    6   0.0000 

Cochran's Q                 0.9813 

Largest Var / Smallest Var 2612.6 

 

Component of variance for between groups   8.88272 

Effective cell size                            8.0 

 

Treatment        Mean 

AH              0.6927 

Apisimin        8.7903 

Cells           0.7172 

Kanuka          0.8191 

LPS             0.8406 

Manuka          0.6898 

Untreated       1.0000 

Observations per Mean            8 

Standard Error of a Mean    0.5152 

Std Error (Diff of 2 Means) 0.7286 

 

 

LSD All-Pairwise Comparisons Test of the ratio of TNF-α 

(pg/mL) by Treatment 

 

Traetment         Mean      Homogeneous Groups 

Apisimin         8.7903          A 

Untreated        1.0000          B 

LPS              0.8406          B 

Kanuka           0.8191          B 

Cells            0.7172          B 

AH               0.6927          B 

Manuka           0.6898          B 

 

Alpha 0.05               Standard Error for Comparison 0.7286 

Critical T Value 2.010   Critical Value for Comparison 1.4643 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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10.9 Pre-treatment effect of monocytes with MGO on their 

ability to be stimulated by LPS, kanuka honey, kanuka honey 

AGPs and apisimin 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source         DF     SS        MS       F        P 

Treatment      6   220.233   36.7054    22.0   0.0000 

Error         49    81.763    1.6686 

Total         55   301.996 

 

Grand Mean 2.5399    CV 50.86 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances     92.9    6   0.0000 

Cochran's Q                 0.3737 

Largest Var / Smallest Var 618.66 

 

Component of variance for between groups   4.37960 

Effective cell size                            8.0 

 

Treatment       Mean 

AGPs           5.4977 

AH             1.2547 

Apisimin       5.6757 

Cells          1.0063 

Kanuka         2.4027 

LPS            0.9420 

Untreated      1.0000 

Observations per Mean            8 

Standard Error of a Mean    0.4567 

Std Error (Diff of 2 Means) 0.6459 

 

LSD All-Pairwise Comparisons Test of the ratio of TNF-α by 

Treatment 

 

Treatment         Mean      Homogeneous Groups 

Apisimin         5.6757           A 

AGPs             5.4977           A 

Kanuka           2.4027           B 

AH               1.0547           C 

Cells            1.0063           C 

Untreated        1.0000           C 

LPS              0.9420           C 

 

Alpha 0.05               Standard Error for Comparison 0.6459 

Critical T Value 2.010   Critical Value for Comparison 1.2979 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment      6     743.695   123.949    35.5   0.0000 

Error         49     170.908     3.488 

Total         55     914.603 

 

Grand Mean 4.9628    CV 37.63 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances     67.3    6   0.0000 

Cochran's Q                 0.3766 

Largest Var / Smallest Var 386.20 

 

Component of variance for between groups   15.0576 

Effective cell size                            8.0 

 

Treatment        Mean 

AGPs            7.6189 

AH              0.8820 

Apisimin        6.5251 

Cells           0.7714 

Kanuka          8.1321 

LPS             9.8102 

Untreated       1.0000 

Observations per Mean            8 

Standard Error of a Mean    0.6603 

Std Error (Diff of 2 Means) 0.9338 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Traetment         Mean          Homogeneous Groups 

LPS              9.8102               A 

Kanuka           8.1321               AB 

AGPs             7.6189               B 

Apisimin         6.5251               B 

Untreated        1.0000               C 

AH               0.8820               C 

Cells            0.7714               C 

 

Alpha 0.05               Standard Error for Comparison 0.9338 

Critical T Value 2.010   Critical Value for Comparison 1.8765 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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10.10 The effect of glyoxal on the ability of LPS, kanuka 

honey, and apisimin to induce TNF-α release from monocytes 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS        F       P 

Traetment      3     83723.7   27907.9     764   0.0000 

Error         28     1022.3      36.5 

Total         31     84746.0 

 

Grand Mean 32.282    CV 18.72 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances     90.4    3   0.0000 

Cochran's Q                 0.9685 

Largest Var / Smallest Var 4824.1 

 

Component of variance for between groups   3483.92 

Effective cell size                            8.0 

 

Treatment           Mean 

Glyoxal             1.13 

LPS               120.80 

LPS + Glyoxal       6.19 

Untreated           1.00 

Observations per Mean            8 

Standard Error of a Mean    2.1364 

Std Error (Diff of 2 Means) 3.0213 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment          Mean       Homogeneous Groups 

LPS               120.80            A 

LPS + Glyoxal     6.1898            B 

Glyoxal           1.1340            B 

Untreated         1.0000            B 

 

Alpha 0.05               Standard Error for Comparison 3.0213 

Critical T Value 2.048   Critical Value for Comparison 6.1888 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF       SS        MS       F        P 

Traetment      3     162644   54214.8     293   0.0000 

Error         28       5187     185.2 

Total         31     167831 

 

Grand Mean 46.170    CV 29.48 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances      100    3   0.0000 

Cochran's Q                 0.7707 

Largest Var / Smallest Var   19475 

 

Component of variance for between groups   6753.69 

Effective cell size                            8.0 

 

Treatment              Mean 

Glyoxal                1.13 

Kanuka               169.35 

Kanuka + Glyoxal      13.19 

Untreated              1.00 

Observations per Mean            8 

Standard Error of a Mean    4.8119 

Std Error (Diff of 2 Means) 6.8051 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment            Mean      Homogeneous Groups 

Kanuka              169.35            A 

Kanuka + Glyoxal    13.191            B 

Glyoxal             1.1340            B 

Untreated           1.0000            B 

 

Alpha 0.05                Standard Error for Comparison 6.8051 

Critical T Value 2.048    Critical Value for Comparison 13.940 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 

 

 

C) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF      SS        MS       F        P 

Treatment      3   3599.00   1199.67    12.2   0.0000 

Error         28   2750.86     98.25 

Total         31   6349.86 
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Grand Mean 11.367    CV 87.20 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances     89.5    3   0.0000 

Cochran's Q                 0.5690 

Largest Var / Smallest Var 7626.3 

 

Component of variance for between groups   137.678 

Effective cell size                            8.0 

 

Treatment              Mean 

Apisimin              25.238 

Apisimin + Glyoxal    18.097 

Glyoxal                1.134 

Untreated              1.000 

Observations per Mean            8 

Standard Error of a Mean    3.5044 

Std Error (Diff of 2 Means) 4.9559 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment             Mean         Homogeneous Groups 

Apisimin              25.238            A 

Apisimin + Glyoxal    18.097            A 

Glyoxal               1.1340            B 

Untreated             1.0000            B 

 

Alpha 0.05               Standard Error for Comparison 4.9559 

Critical T Value 2.048   Critical Value for Comparison 10.152 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 

 

 

10.11 The effect of glycolic acid on ability of LPS, and 

kanuka honey to induce TNF-α release from monocytes 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF       SS        MS         F       P 

Treatment      3     136737    45578.9     174   0.0000 

Error         28       7339      262.1 

Total         31     144076 

 

Grand Mean 66.035    CV 24.52 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances      119    3   0.0000 

Cochran's Q                 0.8650 

Largest Var / Smallest Var   50468 



Data Analysis 

429 

 

 

Component of variance for between groups   5664.61 

Effective cell size                            8.0 

 

Treatment                  Mean 

Glycolic acid              1.13 

LPS                      120.80 

LPS + Glycolic acid      141.21 

Untreated                  1.00 

Observations per Mean            8 

Standard Error of a Mean    5.7238 

Std Error (Diff of 2 Means) 8.0947 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                   Mean       Homogeneous Groups 

LPS                        141.21               A 

LPS + Glycolic acid        120.80               B 

Glycolic acid              1.1322               C 

Untreated                  1.0000               C 

 

Alpha 0.05               Standard Error for Comparison 8.0947 

Critical T Value 2.048   Critical Value for Comparison 16.581 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF       SS        MS        F       P 

Treatment      3    187342    62447.2     225   0.0000 

Error         28      7763      277.3 

Total         31    195105 

 

Grand Mean 76.607    CV 21.74 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances      115    3   0.0000 

Cochran's Q                 0.5149 

Largest Var / Smallest Var   31777 

 

Component of variance for between groups   7771.24 

Effective cell size                            8.0 

 

Treatment                      Mean 

Glycolic acid                  1.13 

Kanuka                       169.35 

Kanuka + Glycolic acid       134.94 

Untreated                      1.00 



Data Analysis 

430 

 

Observations per Mean            8 

Standard Error of a Mean    5.8871 

Std Error (Diff of 2 Means) 8.3257 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                    Mean     Homogeneous Groups 

Kanuka                      169.35            A 

Kanuka + Glycolic acid      134.94            B 

Glycolic acid               1.1322            C 

Untreated                   1.0000            C 

 

Alpha 0.05               Standard Error for Comparison 8.3257 

Critical T Value 2.048   Critical Value for Comparison 17.054 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

C) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF      SS        MS       F        P 

Treatment      3   4936.12   1645.37    12.9   0.0000 

Error         28   3572.06    127.57 

Total         31   8508.18 

 

Grand Mean 13.477    CV 83.81 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances      105    3   0.0000 

Cochran's Q                 0.5617 

Largest Var / Smallest Var   15951 

 

Component of variance for between groups   189.725 

Effective cell size                            8.0 

 

Treatment                          Mean 

Apisimin                          25.238 

Apisimin + Glycolic acid          26.539 

Glycolic acid                      1.132 

Untreated                          1.000 

Observations per Mean            8 

Standard Error of a Mean    3.9933 

Std Error (Diff of 2 Means) 5.6474 
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LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                         Mean      Homogeneous Groups 

Apisimin + Glycolic acid         26.539              A 

Apisimin                         25.238              A 

Glycolic acid                    1.1322              B 

Untreated                        1.0000              B 

 

Alpha 0.05               Standard Error for Comparison 5.6474 

Critical T Value 2.048   Critical Value for Comparison 11.568 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 

 

 

10.12 The effect of DHAP on the ability of LPS, and kanuka 

honey to induce TNF-α release from monocytes 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS        F        P 

Treatment      3     94848.8   31616.3     516   0.0000 

Error         28      1716.0      61.3 

Total         31     96564.8 

 

Grand Mean 55.002    CV 14.23 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances     80.3    3   0.0000 

Cochran's Q                 0.5770 

Largest Var / Smallest Var 4824.1 

 

Component of variance for between groups   3944.37 

Effective cell size                            8.0 

 

Treatment            Mean 

DHAP                 1.45 

LPS                120.80 

LPS + DHAP          96.75 

Untreated            1.00 

Observations per Mean            8 

Standard Error of a Mean    2.7678 

Std Error (Diff of 2 Means) 3.9143 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment           Mean             Homogeneous Groups 

LPS                120.80                 A 

LPS + DHAP         96.749                 B 
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DHAP               1.4545                 C 

Untreated          1.0000                 C 

 

Alpha 0.05               Standard Error for Comparison 3.9143 

Critical T Value 2.048   Critical Value for Comparison 8.0180 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF       SS        MS        F        P 

Treatment      3     181957   60652.3     168   0.0000 

Error         28      10112     361.1 

Total         31     192069 

 

Grand Mean 75.297    CV 25.24 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances      104    3   0.0000 

Cochran's Q                 0.6046 

Largest Var / Smallest Var   29784 

 

Component of variance for between groups   7536.39 

Effective cell size                            8.0 

 

Treatment           Mean 

DHAP                1.45 

Kanuka            169.35 

Kanuka + DHAP     129.38 

Untreated           1.00 

Observations per Mean            8 

Standard Error of a Mean    6.7188 

Std Error (Diff of 2 Means) 9.5018 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment               Mean        Homogeneous Groups 

Kanuka                 169.35             A 

Kanuka + DHAP          129.38             B 

DHAP                   1.4545             C 

Untreated              1.0000             C 

 

Alpha 0.05               Standard Error for Comparison 9.5018 

Critical T Value 2.048   Critical Value for Comparison 19.463 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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C) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment      3     3908.59   1302.86    14.4   0.0000 

Error         28     2530.98     90.39 

Total         31     6439.57 

 

Grand Mean 12.177    CV 78.08 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances     85.6    3   0.0000 

Cochran's Q                 0.6184 

Largest Var / Smallest Var 7626.3 

 

Component of variance for between groups   151.559 

Effective cell size                            8.0 

 

Treatment              Mean 

Apisimin              25.238 

Apisimin + DHAP       21.014 

DHAP                   1.455 

Untreated              1.000 

Observations per Mean            8 

Standard Error of a Mean    3.3614 

Std Error (Diff of 2 Means) 4.7537 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment               Mean         Homogeneous Groups 

Apisimin               25.238               A 

Apisimin + DHAP        21.014               A 

DHAP                   1.4545               B 

Untreated              1.0000               B 

 

Alpha 0.05               Standard Error for Comparison 4.7537 

Critical T Value 2.048   Critical Value for Comparison 9.7376 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 

 

 

10.13 The effect of aminoguanidine (AG) to block the 

inhibitory effect of MGO on TNF release 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF       SS        MS         F       P 

Treatment      8     155322    19415.3     445   0.0000 

Error         63       2747      43.6 

Total         71     158070 
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Grand Mean 26.133    CV 25.27 

                                     Chi-Sq   DF      P 

Bartlett's Test of Equal Variances      230    8   0.0000 

Cochran's Q                 0.6262 

Largest Var / Smallest Var 8381.8 

 

Component of variance for between groups   2421.46 

Effective cell size                            8.0 

 

Treatment            Mean 

AG                   1.29 

AH                   1.94 

LPS                120.80 

LPS + AG           104.66 

LPS + MGO            0.85 

LPS + MGO            2.22 

MGO                  1.11 

MGO + AG             1.33 

Untreated            1.00 

Observations per Mean            8 

Standard Error of a Mean    2.3347 

Std Error (Diff of 2 Means) 3.3018 

 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment           Mean           Homogeneous Groups 

LPS                120.80                   A 

LPS + AG           104.66                   B 

LPS + MGO          2.2150                   C 

AH                 1.9386                   C 

MGO + AG           1.3333                   C 

AG                 1.2892                   C 

MGO                1.1105                   C 

Untreated          1.0000                   C 

LPS + MGO          0.8480                   C 

 

Alpha 0.05               Standard Error for Comparison 3.3018 

Critical T Value 1.998   Critical Value for Comparison 6.5982 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source        DF       SS        MS        F       P 

Treatment      8     332343   41542.9     169   0.0000 

Error         63      15496     246.0 
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Total         71     347839 

 

Grand Mean 37.784    CV 41.51 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      297    8   0.0000 

Cochran's Q                 0.7398 

Largest Var / Smallest Var   55852 

 

Component of variance for between groups   5162.12 

Effective cell size                            8.0 

 

Treatment               Mean 

AG                      1.29 

AH                      1.94 

Kanuka                169.35 

Kanuka + AG           160.29 

Kanuka + MGO            1.24 

Kanuka + MGO + AG       2.50 

MGO                     1.11 

MGO + AG                1.33 

Untreated               1.00 

Observations per Mean            8 

Standard Error of a Mean    5.5449 

Std Error (Diff of 2 Means) 7.8417 

 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment              Mean       Homogeneous Groups 

Kanuka                169.35           A 

Kanuka + AG           160.29           A 

KMAG                  2.4990           B 

AH                    1.9386           B 

MGO + AG              1.3333           B 

AG                    1.2892           B 

Kanuka + MGO          1.2384           B 

MGO                   1.1105           B 

Untreated             1.0000           B 

 

Alpha 0.05                Standard Error for Comparison 7.8417 

Critical T Value 1.998    Critical Value for Comparison 15.670 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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C) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment      8      6905.9   863.236    12.2   0.0000 

Error         63      4449.7    70.630 

Total         71     11355.6 

 

Grand Mean 9.2757    CV 90.60 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      196    8   0.0000 

Cochran's Q                 0.3518 

Largest Var / Smallest Var 7626.3 

 

Component of variance for between groups   99.0758 

Effective cell size                            8.0 

 

Treatment               Mean 

Apisimin + AG          22.833 

AG                      1.289 

AH                      1.939 

Apisimin + MGO + AG     9.035 

Apisimin               25.238 

Apisimin + MGO         19.703 

MGO                     1.110 

MGO + AG                1.333 

Untreated               1.000 

Observations per Mean            8 

Standard Error of a Mean    2.9713 

Std Error (Diff of 2 Means) 4.2021 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                    Mean      Homogeneous Groups 

Apisimin                    25.238          A 

Apisimin + AG               22.833          A 

Apisimin + MGO              19.703          A 

Apisimin + MGO + AG         9.0352          B 

AH                          1.9386          c 

MGO + AG                    1.3333          c 

AG                          1.2892          c 

MGO                         1.1105          c 

Untreated                   1.0000          c 

 

Alpha 0.05               Standard Error for Comparison 4.2021 

Critical T Value 1.998   Critical Value for Comparison 6.3972 

There are 2 groups (A and B) in which the means are not 

significantly different from one another. 
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10.14 The effect of Chrysin on stimulation of monocytes by 

LPS, kanuka honey, kanuka honey AGPs, and apisimin 

 

A) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS       MS       F        P 

Treatment    7   1276981   182426     409   0.0000 

Error       24     10707      446 

Total       31   1287687 

 

Grand Mean 124.84    CV 16.92 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     66.2    7   0.0000 

Cochran's Q                 0.5697 

Largest Var / Smallest Var 9965.0 

 

Component of variance for between groups   45494.9 

Effective cell size                            4.0 

 

Treatment              Mean 

Chrysin 1             10.69 

Chrysin 2             12.11 

Chrysin 3             12.69 

LPS                   638.20 

LPSChrysin 1          66.79 

LPSChrysin 2          99.58 

LPSChrysin 3          147.33 

Untreated             11.34 

Observations per Mean            4 

Standard Error of a Mean    10.561 

Std Error (Diff of 2 Means) 14.935 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment               Mean         Homogeneous Groups 

LPS                    638.20              A 

LPSChrysin 3           147.33              B 

LPSChrysin 2           99.584              C 

LPSChrysin 1           66.789              D 

Chrysin 3              12.694              E 

Chrysin 2              12.107              E 

Untreated              11.339              E 

Chrysin 1              10.692              E 

 

Alpha 0.05             Standard Error for Comparison 14.935 

Critical T Value 2.064   Critical Value for Comparison 30.824 

There are 5 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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B) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS       MS       F        P 

Treatment    7   1670349   238621     606   0.0000 

Error       24      9449      394 

Total       31   1679798 

 

Grand Mean 141.97    CV 13.98 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     70.6    7   0.0000 

Cochran's Q                 0.6249 

Largest Var / Smallest Var 9646.4 

 

Component of variance for between groups   59556.9 

Effective cell size                            4.0 

 

Treatment                Mean 

Chrysin 1               10.69 

Chrysin 2               12.11 

Chrysin 3               12.69 

Kanuka                  731.77 

KanChrysin 1            112.31 

KanChrysin 2            112.26 

KanChrysin 3            132.57 

Untreated               11.34 

Observations per Mean            4 

Standard Error of a Mean    9.9209 

Std Error (Diff of 2 Means) 14.030 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                Mean        Homogeneous Groups 

Kanuka                  731.77             A 

KanChrysin 3            132.57             B 

KanChrysin 1            112.31             B 

KanChrysin 2            112.26             B 

Chrysin 3               12.694             C 

Chrysin 2               12.107             C 

Untreated               11.339             C 

Chrysin 1               10.692             C 

 

Alpha 0.05               Standard Error for Comparison 14.030 

Critical T Value 2.064   Critical Value for Comparison 28.957 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

C) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS        MS       F        P 

Treatment    5   5317.28   1063.46     845   0.0000 
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Error       18     22.66      1.26 

Total       23   5339.94 

 

Grand Mean 8.4047    CV 13.35 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     8.19    5   0.1460 

Cochran's Q                 0.4932 

Largest Var / Smallest Var 18.265 

 

Component of variance for between groups   265.549 

Effective cell size                            4.0 

 

 

Treatment               Mean 

AGP                    41.599 

AGPChrysin 2            2.366 

AGPChrysin 3            3.788 

Chrysin 2               0.769 

Chrysin 3               1.356 

Untreated               0.551 

Observations per Mean            4 

Standard Error of a Mean    0.5611 

Std Error (Diff of 2 Means) 0.7935 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                 Mean        Homogeneous Groups 

AGP                      41.599               A 

AGPChrysin 3             3.7882               B 

AGPChrysin 2             2.3660               BC 

Chrysin 3                1.3556               CD 

Chrysin 2                0.7689               CD 

Untreated                0.5506               D 

 

Alpha 0.05             Standard Error for Comparison 0.7935 

Critical T Value 2.101   Critical Value for Comparison 1.6670 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

C) Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS        MS       F        P 

Treatment    5   11714.2   2342.84     142   0.0000 

Error       18     296.9     16.49 

Total       23   12011.1 

 

Grand Mean 16.105    CV 25.22 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     34.5    5   0.0000 

Cochran's Q                 0.5799 
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Largest Var / Smallest Var 281.27 

 

Component of variance for between groups   581.587 

Effective cell size                            4.0 

 

Treatment             Mean 

APChrysin 2          10.139 

APChrysin 3          21.092 

Apisimin             62.725 

Chrysin 2             0.769 

Chrysin 3             1.356 

Untreated             0.551 

Observations per Mean            4 

Standard Error of a Mean    2.0306 

Std Error (Diff of 2 Means) 2.8717 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                  Mean          Homogeneous Groups 

Apisimin                  62.725             A 

APChrysin 3               21.092             B 

APChrysin 2               10.139             C 

Chrysin 3                 1.3555             D 

Chrysin 2                 0.7688             D 

Untreated                 0.5506             D 

 

Alpha 0.05            Standard Error for Comparison 2.8717 

Critical T Value 2.101   Critical Value for Comparison 6.0332 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

10.15 The effect of Chrysin on stimulation of monocytes by the 

combination of kanuka honey AGPs and apisimin 

 

Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS        MS       F        P 

Treatment    5   42600.6   8520.12     157   0.0000 

Error       18     979.8     54.43 

Total       23   43580.4 

 

Grand Mean 25.027    CV 29.48 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     47.6    5   0.0000 

Cochran's Q                 0.9542 

Largest Var / Smallest Var 1527.6 

 

Component of variance for between groups   2116.42 

Effective cell size                            4.0 
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Treatment              Mean 

AGPApi                118.19 

AGPApi C2              12.74 

AGPApi C3              16.56 

Chrysin 2               0.77 

Chrysin 3               1.36 

Untreated               0.55 

Observations per Mean            4 

Standard Error of a Mean    3.6890 

Std Error (Diff of 2 Means) 5.2170 

 

 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment              Mean      Homogeneous Groups 

AGPApi                118.19           A 

AGPApi C3             16.560           B 

AGPApi C2             12.736           B 

Chrysin 3             1.3556           C 

Chrysin 2             0.7689           C 

Untreated             0.5506           C 

 

Alpha 0.05            Standard Error for Comparison 5.2170 

Critical T Value 2.101   Critical Value for Comparison 10.961 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

10.16 The effect of MGO and chrysin on LPS-induced release of 

TNF-α from monocytes 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment      7     10229.7   1461.38    34.3   0.0000 

Error         55      2341.4     42.57 

Total         62     12571.1 

 

Grand Mean 8.4673    CV 77.06 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      213    7   0.0000 

Cochran's Q                 0.9309 

Largest Var / Smallest Var   39668 

 

Component of variance for between groups   180.212 

Effective cell size                            7.9 

 

Treatment                   Mean       

Chrysin 1                  1.198   

LPS + MGO + Chrysin 1      3.680   



Data Analysis 

442 

 

LPS                       40.013   

LPS + Chrysin 1            5.420   

LPS + MGO.1               13.991   

MGO.1                      1.007   

MGO.1 + Chrysin 1          0.505   

Untreated                  0.989   

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                       Mean    Homogeneous Groups 

LPS                            40.013         A 

LPS + MGO.1                    13.991         B 

 

LPS + Chrysin                  5.4200         C 

LPS + MGO + Chrysin 1          3.6804         C 

Chrysin 1                      1.1978         C 

MGO.1                          1.0069         C 

Untreated                      0.9890         C 

MGO.1 + Chrysin 1              0.5049         C 

 

Alpha              0.05 

Critical T Value 2.004 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment      7     11975.6   1710.80    21.7   0.0000 

Error         56      4411.1     78.77 

Total         63     16386.8 

 

Grand Mean 10.506    CV 84.48 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      220    7   0.0000 

Cochran's Q                 0.4941 

Largest Var / Smallest Var   40490 

 

Component of variance for between groups   204.004 

Effective cell size                            8.0 

 

Treatment                      Mean 

Chrysin 2                     0.783 

LPS + MGO + Chrysin 2         5.035 

LPS                          40.013 

LPS + Chrysin 2              10.633 

LPS + MGO.2                  25.257 

MGO.2                         0.846 
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MGO.2 + Chrysin 2             0.481 

Untreated                     1.000 

Observations per Mean            8 

Standard Error of a Mean    3.1379 

Std Error (Diff of 2 Means) 4.4376 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                      Mean     Homogeneous Groups 

LPS                           40.013          A 

LPS + MGO.2                   25.257          B 

LPS + Chrysin 2               10.633          C 

LPS + MGO + Chrysin 2         5.0346          CD 

 

Untreated                     1.0000          D 

MGO.2                         0.8458          D 

Chrysin 2                     0.7833          D 

MGO.2 + Chrysin 2             0.4808          D 

 

Alpha 0.05                Standard Error for Comparison 4.4376 

Critical T Value 2.003    Critical Value for Comparison 8.8896 

There are 4 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

10.17 The effect of MGO and chrysin on kanuka honey-induced 

release of TNF-α from monocytes 

 

A) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment      7     12485.2   1783.59    18.4   0.0000 

Error         56      5433.5     97.03 

Total         63     17918.6 

 

Grand Mean 9.9087    CV 99.41 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      220    7   0.0000 

Cochran's Q                 0.7401 

Largest Var / Smallest Var   74705 

 

Component of variance for between groups   210.821 

Effective cell size                            8.0 

 

Treatment                       Mean 

Chrysin 1                      1.198 

Kanuka                        42.551 

Kanuka + Chrysin 1             9.118 

Kanuka + MGO 1                20.982 
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Kanuka + MGO 1 + Chrysin 1     2.909 

MGO.1                          1.007 

MGO.1 + Chrysin 1              0.505 

Untreated                      1.000 

Observations per Mean            8 

Standard Error of a Mean    3.4826 

Std Error (Diff of 2 Means) 4.9251 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                          Mean     Homogeneous Groups 

Kanuka                             2.551          A 

Kanuka + MGO.1                    20.982          B 

Kanuka + Chrysin 1                9.1184          C 

Kanuka + MGO + Chrysin 1          2.9093          C 

Chrysin 1                         1.1978          C 

MGO.1                             1.0069          C 

Untreated                         1.0000          C 

MGO.1 + Chrysin 1                 0.5049          C 

 

Alpha 0.05                Standard Error for Comparison 4.9251 

Critical T Value 2.003    Critical Value for Comparison 9.8662 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 

 

 

B) Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source        DF        SS        MS       F        P 

Treatment      7     12734.0   1819.14    18.4   0.0000 

Error         56      5541.2     98.95 

Total         63     18275.2 

 

Grand Mean 10.741    CV 92.61 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances      228    7   0.0000 

Cochran's Q                 0.7257 

Largest Var / Smallest Var   74705 

 

Component of variance for between groups   215.024 

Effective cell size                            8.0 

 

Treatment                        Mean 

Chrysin 2                       0.783 

Kanuka                         42.551 

Kanuka + Chrysin 2             14.158 

Kanuka + MGO 2                 22.007 

Kanuka + MGO + Chrysin 2        4.102 

MGO.2                           0.846 
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MGO.2 + Chrysin 2               0.481 

Untreated                       1.000 

Observations per Mean            8 

Standard Error of a Mean    3.5169 

Std Error (Diff of 2 Means) 4.9737 

 

LSD All-Pairwise Comparisons Test of ratio of TNF-α by 

Treatment 

 

Treatment                         Mean    Homogeneous Groups 

Kanuka                           42.551           A 

Kanuka + MGO 2                   22.007           B 

 

Kanuka + Chrysin 2               14.158           C 

Kanuka + MGO + Chrysin 2         4.1024           D 

Untreated                        1.0000           D 

MGO.2                            0.8458           D 

Chrysin 2                        0.7833           D 

MGO.2 + Chrysin                  0.4808           D 

 

Alpha 0.05     Standard Error for Comparison 4.9737 

Critical T Value 2.003    Critical Value for Comparison 9.9635 

There are 3 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
 

 

 

10.18 The immunostimulatory activities of LPS and kanuka honey 

are barely additive 

 

Completely Randomized AOV for TNF-α (pg/mL) 

 

Source      DF        SS       MS       F        P 

Treatment    3   1678436   559479     247   0.0000 

Error       12     27164     2264 

Total       15   1705600 

 

Grand Mean 557.35    CV 8.54 

                                     Chi-Sq   DF        P 

Bartlett's Test of Equal Variances     16.8    3   0.0008 

Cochran's Q                 0.5579 

Largest Var / Smallest Var 2252.1 

 

Component of variance for between groups    139304 

Effective cell size                            4.0 

 

Treatment                Mean 

Kanuka                  731.77 

Kanuka + LPS            848.08 

LPS                     638.20 
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Untreated                11.34 

Observations per Mean            4 

Standard Error of a Mean    23.789 

Std Error (Diff of 2 Means) 33.642 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                Mean           Homogeneous Groups 

Kanuka+ LPS             848.08                 A 

Kanuka                  731.77                 B 

LPS                     638.20                 C 

Untreated               11.339                 D 

 

Alpha 0.05              Standard Error for Comparison 33.642 

Critical T Value 2.179   Critical Value for Comparison 73.301 

All 4 means are significantly different from one another.
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Chapter 11 

 

11.1 Measurement by ELISA of TNF-α release from blood 

monocytes following stimulation by New Zealand commercial 

honeys 

 

Completely Randomized AOV for the ratio of TNF-α (pg/mL) 

 

Source       DF    SS      MS     F    P 

Treatment  14  53682.8   3834.48  15.83 0.0000 

Error      105  25436.7    242.25 

Total      119  79119.4 

 

Grand Mean 51.243 CV 30.37 

 

Homogeneity of Variances    F      P 

Levene's Test         1.91   0.0332 

O'Brien's Test         1.63   0.0835 

Brown and Forsythe Test   1.61   0.0890 

 

Welch's Test for Mean Differences 

Source        DF   F        P 

Treatment 14.0 99.16 0.0000 

Error       37.8 

 

Component of variance for between groups 449.029 

Effective cell size     8.0 

 

Treatment       Mean     Treatment          Mean 

AH       1.589    Kanuka            67.387 

Airborne Clover    72.245    liquid honey    57.556 

Airborne Manuka    54.458    LPS           43.028 

Arataki Clover      65.210    Manuka           55.891 

Arataki Manuka      57.612    Manuka Doctor   62.513 

Clover      63.892    Red seal Manuka   62.639 

Heinz Manuka      41.176    Untreated         1.000 

Holland Clover      62.452 

Observations per Mean      8 

Standard Error of a Mean 5.5029 

Std Error (Diff of 2 Means) 7.7823 

 

LSD All-Pairwise Comparisons Test of TNF-α by Treatment 

 

Treatment                Mean     Homogeneous Groups 

Airborne Clover         72.245             A 

Kanuka               67.387             AB 

Arataki Clover               65.210             AB 

Clover               63.892             AB 
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Red seal Manuka        62.639             AB 

Manuka Doctor               62.513             AB 

Holland Clover               62.452             AB 

Arataki Manuka               57.612             ABC 

Liquid honey               57.556             ABC 

Manuka               55.891             BCD 

Airborne Manuka        54.458             BCD 

LPS               43.028             CD 

Heinz Manuka               41.176             D 

AH               1.5892             E 

Untreated               1.0000             E 

 

Alpha 0.05           Standard Error for Comparison 7.7823 

Critical T Value 1.983   Critical Value for Comparison 15.431 

There are 5 groups (A, B, etc.) in which the means are not 

significantly different from one another. 
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