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 Abstract  

Aim. The aim of the study was to evaluate the efficacy, safety and possible mechanism of action 

of potassium humate loaded with selenium 

Objectives. The objectives of the study were to evaluate the possible in vitro cytotoxic effect of 

potassium humate loaded with selenium (Phse) on the growth of primary cell cultures 

(lymphocytes), to evaluate the in vitro antioxidant activity of Phse, to evaluate the in vitro effect 

of Phse on CR3 expression using mixed leukocytes, to evaluate the anti-inflammatory 

properties of Phse using the carrageenan-induced paw oedema rat model and finally to evaluate 

the effect of Phse on acute phase proteins in the rat model  

Methods. For the cytotoxicity effects on lymphocytes, the MTT assay was used where 

lymphocytes were isolated and divided in to two groups, one group was stimulated with PHA 

and the other not, then the cells were treated with different concentrations of the test 

compounds. The evaluation of the antioxidant activity was done using the ORAC and DCFH-

DA assays with the DCFH-DA assay also done using the HepG2 cell line. The expression of 

CR3 by mixed leukocytes was quantified by flow cytometry. The evaluation of the anti-

inflammatory properties of Phse was done using the carrageenan-induced paw oedema rat 

model. The rats were randomly assigned to six groups, the negative control, positive control, 

experimental group 1, 2, 3 and sham group. A once daily dose by gavage for five consecutive 

days of their respective treatment was administered. Prior to the assay the rats were dosed 

according to the experimental group to which they were assigned. On the fifth day of the 

experiment, 50 µl of λ- Carrageenan was injected subplanter into the right hind paw of the rats 

and 50 µl of saline into the left hindpaw. The right hind paw volume of each rat was measured 

hourly from the time of injection for seven consecutive hours with a water displacement 

plethysmometer. At the end of the 7 hours the rats were anaesthetised and approximately 5 ml 

of blood was collected via cardiac puncture. The blood was centrifuged, the plasma removed 

and frozen at -80°C until assayed. For evaluating the effects of the test compounds on acute 

phase proteins ELISA was used according to the manufacturer’s protocols. 

Results. None of the test compounds were toxic to lymphocytes but rather caused cell 

proliferation. The test compounds demonstrated no antioxidant activity, with Phse showing pro-

oxidant activity. All the test compounds inhibited the expression of CR3 significantly with 

selenium free Ph being the most potent inhibitor. Ph reduced the carrageenan induced paw 
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oedema volumes in a similar manner to indomethacin and Phse had an insignificant effect. Ph 

decreased SP slightly but the results were not statistically significant whereas Se and Phse had 

no effect. All the test compounds statistically significantly decreased plasma CRP levels with 

Se showing the greatest effect. 

Conclusion. Phse is safe but not more effective than Ph as an anti-inflammatory agent. 
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Chapter 1 

 Introduction  

The principal function of the immune system is to defend the host from infectious 

microbes in its environment (Chaplin., 2006). The immune system is highly evolved to 

protect its environment that is rich in resources that foreign organisms attempt to attack in 

an effort to make use of these resources (Farmer and Packard., 1986). If the host becomes 

exposed to foreign pathogens an acute inflammatory response is triggered. This process 

involves a synchronized delivery of blood components (plasma and leukocytes) to the site 

of infection or injury. This initial recognition of infection is mediated by tissue resident 

macrophages and mast cells, leading to the production of a variety of inflammatory 

mediators, including chemokines, vasoactive amines and bioactive products of 

proteolytic cascades (Medzhitov., 2008). When tissue homeostasis is disturbed 

chronically, interactions between immune cells can be altered leading to inflammatory 

disorders such as atherosclerosis and reperfusion reactions. Inflammation is also 

associated with many other disorders like acne vulgaris, autoimmune diseases, 

hypersensitivity, rheumatoid arthritis, amongst others (de Visser et al., 2006). 

 

Humate have been used for the last 3000 years as folk remedies for a broad diversity of 

illnesses. Their therapeutic properties include antibacterial, anti-inflammatory, pulmorary 

tuberculosis, antitoxic, they have also been used for chronic radiculites, plexitises, 

rheumatoid arthritis, rhinitis and to increase the capacity of human mononuclear 

leukocyte from patients with coronary artery disease to induce neovascularisation in the 

local graft-versus-host reactions (Schepetkin et al., 2002).  

 

Extensive research has been carried out on humates at the University Pretoria, 

Department of Pharmacology (South Africa), where studies have focused on the 

immunostimulatory properties of synthetic humates where it was found that oxihumate 

possesses both immunostimulatory and anti-viral activity (Jooné et al., 2002), the in vitro 

anti-inflammatory properties, where it was shown that potassium humate (Ph) exerts it 

anti-inflammatory properties either by direct blocking of an adhesion molecule, by 
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deactivating phagocytic stimulants such as bacterial peptides or inhibiting the 

complement receptor 3 (Jooné and van Rensburg., 2004). A study done by van Rensburg 

et al (2007) showed that Ph is effective in the treatment of contact hypersensitivity in 

rats. Badenhorst et al (2008) proved that Ph is effective in the treatment of osteoarthritis 

of the knee in humans, another study showed that Ph inhibits the production of TNF-α, 

IL-1β and IL-6 by stimulated mononuclear lymphocytes and increased lymphocyte 

proliferation (van Rensburg and Naudé., 2009) and a study done by Naudé and Cromarty 

(2010) found that when given by gavage reduced the paw volume of carrageenan induced 

oedema in rats similar to indomethacin. 

 

Local inflammation is often a significant part of an effective immune response. The 

resolution of the inflammatory state can result in significant tissue damage and fibrosis, 

generally this damage is physiological and tolerated, however organ dysfunction and 

scarring can occur if inflammation is intense and chronic (Chaplin., 2006). Non-steroidal 

drugs are commonly used as anti-inflammatory agents and mediate their effect through 

the inhibition of cyclooxygenases activity. Even though the therapy is effective it is 

associated with many side effects such as gastro-intestinal irritation, ulceration and 

kidney impairment (Nantel et al., 1999) 

 

This study focused on evaluating the efficacy, safety and possible mechanism of action of 

Ph combined with selenium (Se) by determining the cytotoxicity on lymphocytes using 

the MTT assay and the antioxidant properties using both ORAC and DCFH-DA assays. 

The DCFH-DA assay was done using human hepatocarcinoma cells (HepG2).  The 

HepG2 cell line was chosen for this assay because the cells retain their morphology and 

most of their function in culture and because the cell line is a reliable model used to assay 

many dietary antioxidants and conditions with only minor interassay variations (Cuello et 

al., 2007). The quantification of the expression of surface complement receptor 3 

receptors (CR3) was done using flow cytometry, with the investigation of the in vivo anti-

inflammatory properties carried out using the carrageenan induced rat paw oedema as a 

model and lastly the evaluation of the acute phase proteins, substance P (SP) and C-

reactive protein (CRP) using ELISA. 
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 Literature review 

 Potassium humate 

1.1 Characteristics of humates 

Humic substances (HS) are natural organic compounds consisting of about 50 to 90 % of 

the organic matter of peat, liginites, sapropels and the non-living organic matter of soil 

and water ecosystems (Kulikova et al., 2005) . HS differ with respect to their origin and 

consist of a variety of molecular structures, depending on the source of organic material 

involved in the humification process. The synthesis of biopolymers is achieved in 

accordance with the genetic code in living cells. There is no established program of any 

kind in the process of humification, therefore any substance can materialize, both simple 

and complex than the than the initial biomolecules (Schepetkin et al., 2002, Steinberg et 

al., 2003). The secondary product again undergo the synthesis reaction or decomposition 

and this process is continueous, only the most stable compounds are accumulated, as a 

result of  the  numerous reactions in the humus matter. Examples of biogenic sediments 

formed mainly from plants include peat, sapropel and mumie. Peat is the organic soil 

produced as a result of partial disintegration and humification of dead marsh plants in 

conditions of high humidity. The organic matter of peat in 90% consists of humin, humic 

and fulvic acid (up to 40%), lignin, polysaccharides, lipids, pectines, hemicelluloses and 

cellulose (Schepetkin et al., 2002). 

 

 According to the classical definition, HS are naturally occurring heterogeneous organic 

substances that are generally characterised as being yellow to black in colour, with high 

molecular weight and refractory. Based on their aqueous solubility, these mixtures of 

complex organic compounds that are usually split into three fractions, humic acid (HA), 

the fraction of HS that is insoluble in water under acidic conditions (pH<2) but soluble at 

higher pH values, fulvic acid (FA), the fraction of HS that is soluble in water under all 

pH conditions, humin the fraction of HS that is insoluble in water at any pH value(Cheng 

et al., 2002, Jooné et al., 2003, Jooné et al., 2004, Kulikova et al., 2005).   
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Humic acid (HAs) are subclass of HS, consisting of high molecular polymeric aromatic 

substances with complex structures of polyaromatic and heterocyclic chemicals, they are 

most abundant in the top 1-2 ft of earth’s crust, where they intermingle with air and 

water. There are several functional groups found on the surface of HAs, these groups are 

amines, carboxylic, carbonyl, phenol, catechol and quinine and are chemically combined 

to cross link the molecular backbone. HAs can be soluble and chemically active at neutral 

or alkaline pH (Paciolla., 1999). These substances possess medium molecular size and 

their molecular weight is about 5000 to 100000 Dalton. They contain 33-36 % oxygen 

and 4 % nitrogen. Soluble HAs are available as either sodium humate or potassium 

humate (Islam et al., 2005). 

 
Fulvic acids (FA) have the lowest molecular size of about 2000 Daltons and are soluble 

under all pH conditions, they possess the lowest nitrogen content (less than 4%) and the 

highest oxygen content (around 45-48%), as well as higher acid functional group content. 

These substances dissolve in dilute alkaline solutions and will not precipitate even if the 

solution turns slightly acidic (Islam et al., 2005). 

 

Humins have the highest molecular size and a molecular weight of about 300 000 

Dalton. They have the highest nitrogen content (around 4%) and the lowest oxygen 

content (32-%) (Islam et al., 2005). 

 

1.2 The therapeutic properties of humates 

 Humates have been reported to possess a variety of therapeutic properties, these include 

antibacterial, antitoxic, antiulcerogenic, antiarthritic, antiallergic, immunomodulatory and 

anti-inflammatory (Jooné et al., 2004, Schepetkin et al., 2002, van Rensburg et al., 2002, 

van Rensburg and Naudé., 2009). In Europe humic acids are used as active substances in 

prophylactic and as therapeutically drugs in veterinary practice (Vašková et al., 2011). 

With regards to volume, therapeutic spectrum and tradition, the balneotherapeutic use of 

peat represents most significant medical application of HS. Long ago in Babylonia and 

the Roman Empire, the heavily degraded high moor peat, which is abundant in HS has 
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been used therapeutically, the healing effects of mud were already recognised by the 

inhabitants. In Europe in the early 19th century health clinics’ specialities, mud baths 

were offered. In addition mud baths which consist of peat pulp, baths with suspended 

peat materials as well as drinking cures were also offered, the latter especially in case of 

gastric, intestinal or hepatic diseases. Mud therapy was traditional indicated for 

gynaecological and rheumatic diseases (Klöcking and Helbig., 2005). Studies done on 

peat extracts such as Torfot (a patented drug in Russia) and Tolpa Peat Preparation (TTP) 

(patented in Poland) indicate that Torfot which is a product of distillation of specific peat 

layers is useful in the treatment of patients with keratitis chorioretinitis and vascular and 

degenerative processes in the retina when administered in the form of hypodermic or 

subconjunctival injections. Torfot improves blood circulation and tissue regeneration; it 

also possesses antibacterial and anti-inflammatory properties. TTP was found to inhibit 

interleukin-1 release from patient with rheumatoid arthritis and suppressed lipid 

peroxidation in the human placenta’s mitochondria (Schepetkin et al., 2002). 

 

HS have the ability to inhibit mutagenesis and possess photoprotecting, free radical 

scavenging, anti-inflammatory and toxic compound removing properties that can inhibit 

cancer development (Pant et al., 2012). Mumie (Shilajit) is a semi-hard black resin; a 

product of long term humification of lichen as well as Euphorbia and Trifolium (clover) 

plants in mountain areas. In the water soluble fractions of mumie the main group of 

organic substances is fulvic acid. For almost 3000 years mumie has been used in folk 

medicine in a number of countries, this substance in commonly prescribed for diabetes, 

digestive disorders, nervous diseases, chronic bronchitis, genitourinary diseases, 

tuberculosis, asthma, bone fracture, anaemia and eczema (Schepetkin et al., 2003). 

Mumie has also been shown to possess anti-viral and bacteriostatic properties. The 

bacteriostatic and anti-inflammatory actions of this substance decrease the period of 

wound healing, granulation and epithelisation, as well as facilitates the process of wound 

cleaning from necrotic wounds (Schepetkin et al., 2002). 
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1.3 Anti-inflammatory properties of humates 

The anti-inflammatory properties of humates have been extensively studied and are well 

documented in literature (Kühnert et al., 1982, Ye et al., 1985, Klöcking et al., 1968, 

Salz, 1974, Klöcking 1994b, Schewe et al., 1991). The anti-inflammatory properties of 

HA were described as being effective as that of dimethyl sulfoxide (DMSO), a well 

known drug carrier and anti-inflammatory agent by Kühnert et al (1982). Based on the 

lignin derived humic acid theory Klöcking et al (1968) attributed the anti-inflammatory 

action of HA to the polyphenolic structure and Salz (1974) ascribed it to the fact that it 

stimulated higher blood flow. A study by Gau et al (2000), revealed that the activation of 

NFκB by lipopolysaccharide (LPS) was inhibited by HA and that HA slightly reduced 

NFκB binding to DNA, but at a concentration of 100 µg/ml completely inhibited the 

degradation of IκBα (nuclear factor of kappa light polypeptide gene enhancer in B-cells 

inhibitor, alpha). By masking the nuclear localization signals (NLS) of NF-κB proteins 

and keeping them sequestered in an inactive state in the cytoplasm IκBα inhibits NF-κB. 

It also blocks the ability of NF-κB transcription factors to bind to DNA, which is required 

for NF-κB's proper functioning. NF-κB is a protein complex that controls the 

transcription of DNA, it is involved in cellular responses to stimuli such as stress, 

cytokines, free radicals, and bacterial or viral antigens. Incorrect regulation of NF-κB is 

associated with cancer, inflammatory and autoimmune diseases, septic shock, viral 

infection, and improper immune development.  

Work done by Klöcking (1994b) showed that synthetic humic acids strongly inhibited the 

lipoxygenase enzyme from rabbit reticulocytes, while HA weakly inhibited prostaglandin 

H synthase from sheep vesicular glands. Klöcking later provided a feasible biochemical 

explanation of the anti-inflammatory actions of humic acids. In a study by Jooné and van 

Rensburg (2004) it was shown that humate block the expression of complement receptor 

3 (CR3) by activated neutrophils. The production of many reactive oxygen species, 

cytokines, nitrogen intermediates and proteolytic enzymes that can cause tissues damage 

and even lead to autoimmune disease is as a result of the over expression of CR3. These 

authors go further and show that the anti-inflammatory properties of humate may also be 

attributed to the ability humate to also inhibit both eosinophil cationic protein (ECP) and 
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Myeloperoxidase (MPO) by stimulated neutrophils and eosinophils. MPO play a vital 

role in inflammation, it is responsible for amplifying the oxidizing potential of H2O2, 

utilising it as a co-substrate to generate pro-inflammatory free radical species. ECPs are 

cytotoxic proteins that accumulate in tissues involved in allergic reactions, e.g. in 

asthmatic patients ECP infiltrate the bronchial tissues of the lungs, causing inflammatory 

damage to the adjacent tissues (Venge 1990). In recent studies Ph has been shown to 

suppress ear swelling in contact hypersensitivity animal model which was comparable to 

prednisolone (Cromarty, 2003). A study by van Rensburg et al (2007) showed that brown 

coal derived humate reduced DNBF-induced contact hypersensitivity in rats at a dosage of 61 

mg/kg BW, administered by gavage directly after the sensitization step and continued for 8 

days. The authors attributed these results to either an inhibition of the sensitization step or an 

inhibition of the challenge step or both.  In another study potassium humate (Ph) (60 mg/kg 

BW) and indomethacin (10 mg/kg) administed by gavage in rats significantly decreased 

the carrageenan induced inflammation over the 300min period from as early as 60min 

after the carrageenan injection (Naude et al., 2010). van Rensburg and Naude (2009) 

demonstrated that Ph inhibited the classical and alternative complement pathways in a 

dose related manner from 10 µg/ml and higher, these authors went further and showed 

that Ph also blocks the production of pro-inflammatory cytokines, Tumor necrosis factor 

alpha (TNF-α), interleukin-1β (IL-1β) and interleukin-6 (IL-6) by Phytohaemaglutinin 

(PHA) stimulated mononuclear lymphocytes (MNL)    

1.4  Negative aspects of potassium humate 

Humic acids have been shown to suppress the activation of NF-κB by LPS, they also 

have been associated with the complete in vitro inhibition of the degradation of IκBα at a 

concentration of 100 μg/ml and the slight reduction in the binding of NF-κB to DNA 

(Gau et al., 2000). These authors also suggest that the possible explanation for the causes 

of the infection and inflammation observed in patients with Blackfoot disease may be due 

to humic acid suppression of the immune or inflammatory reactions of human vascular 

endothelial cells to endotoxins. In a study by Hseu et al (2000) humic acid was shown to 

induce echinocyte transformation through oxidative stress and damage to cytoskeletal 

proteins. Another study by these authors concluded that humic acid induced apoptotic 
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cell death of endothelial cells using Ca2+ and oxidative stress as mediators (Hseu et al., 

2002)  

 

 Selenium  

1.1 Characteristics of selenium 

Selenium (Se) is a trace element that was discovered in 1817 by Jons Berzelius, who 

named it after the Greek goddess of the moon Selene ( McKenzie et al., 1998, Pappa et 

al., 2007). Se in now acknowledged as a trace element of fundamental importance to 

human health, animals and some bacteria (Pappa et al., 2007, Valdiglesias et al., 2010). 

Se is most abundant in soil, entering the food chain through integration into vegetable 

protein as the amino acids selenocysteine and selenomethionine (McKenzie et al., 1998). 

It was discovered to be a vital cofactor of the enzyme gluthathione peroxidase in the 

1970’s and is present in one of three forms in the body; firstly as selenoproteins, secondly 

bound to non-specific plasma proteins and thirdly in organic forms such as selenites, 

alkyl selenides and elemental Se which are in transit thoughtout the body (Calello., 

2010). Se is utilised in more than 25 selenoproteins to exert biological functions in 

humans, each categorised by the integration of Se into the primary protein sequence as 

the amino acid; selenocysteine. Some of these selenoproteins are selenoenzymes for 

example thioredoxin reductase and glutathione peroxidase and iodothyronine 5-

deiodinases (Valdiglesias et al., 2010, Wu et al., 2009). 

 

 Glutathione peroxidises (GPx), the best studied of these enzymes is glutathione 

peroxidase (GPxs) which catalyses the elimination of hydrogen peroxide and organic 

peroxides (R-O-OH) using the oxidation of the reduced glutathione (GSH) as a substrate 

(Calello, 2010, Micke et al., 2009). The enzymatic activity of GPx has been shown to be 

dramatically reduced by the substitution of selenocysteine with normal cysteine at its 

active site. There are four characterised forms of GPx containing selenium. GPx-1 is 

found in the cytosol, GPx-2 which is gastrointestinal spefic, GPx-3 in the plasma and in 

the metabolism of phospholipid hydroperoxides GPx-4 performs special functions 

(Micke et al., 2009, Fairweather-Tait et al., 2011). GPx1-3 catalyses the reduction of 
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organic hydroperoxides and hydrogen peroxide, whereas GPx-4 can directly reduce 

cholesterol hydroperoxides and phospholipid hydroperoxides. GPx-1 and GPx-2 have 

well characterised antioxidant properties (Fairweather-Tait et al., 2011). 

 

Thioredoxin reductases (TXNRDs), are involved in the control of cellular proliferation, 

cell survival and apoptosis through the control of thioredoxin (Trx) activity and redox 

state and plays a crucial role in biological response to oxidative stress. Three TXNRDs 

have been identified in mammals, TXNRD1 in the cytosol/nucleus, TXNRD2 in 

mitochondria, and thioredoxin glutathione reductase in the testis (Fairweather-Tait et al., 

2011, Papp et al., 2007). 

 

1.2 Therapeutic properties of selenium 

 In human health Se functions as a redox centre, as an antioxidant, in thyroid hormone 

metabolism, in reproduction and in immune function (Rayman., 2000). GPxs are 

scavengers of ROS, which implies that Se protects DNA from oxidative damage (Wu et 

al., 2009). The most researched and well documented example of this redox function to 

date is the reduction of hydrogen peroxide and phospholipid hydroperoxidases to non-

toxic products (water and alcohols) by GPxs. This function aids to preserve membrane 

integrity, prevent prostacyclin production and decreases the likelihood of spreading of 

further oxidative damage to biomolecules such as unsaturated lipids, lipoproteins and 

DNA, each implicated in conditions such as atherosclerosis and cancer respectively 

(Calello., 2010, Rayman., 2000, Kiremidjian-Schumacher et al., 1994).  

 

Se has been comprehensively studied for its antioxidant properties, studies show that Se 

compounds also possess pro-oxidant properties; they cause DNA damage and cell death, 

an activity that plays a vital role in the treatment of cancer (Ramoutar and Brumaghim 

2010). Se supplementation, appears to have significant effects even in selenium-replete 

individuals, it has distinct immunostimutant effects, including an augmentation of 

proliferation of activated T cells, amplified cytotoxic lymphocyte-mediated tumor 

cytotoxicity and natural killer cell activity. Se supplementation seems to endorse 
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differentiation of CD4+ T-helper cells into T-helper-1 (Th1) rather than T-helper-2 (Th2) 

effector cells which has been shown to be beneficial in patients with allergic asthma 

(Rayman., 2012, Rayman., 2000, Hoffman et al., 2010, Wood et al., 2000, Kiremidjian-

Schumacher et al., 2000, Hawkes et al., 2001, Broome et al., 2004). 

 

The highest concentration of Se in found in the thyroid gland, where selenium-dependent 

iodothyronine deiodinases activates triodothyronine (T3) from its inactive precursor 

thyroxine (T4). Thyroid generate hydrogen peroxidise to be utilised by thyroid peroxidise 

in the synthesis of T3 and T4 from iodine and thyroglobulin. Se in the form of GPx-3 

protects thyroid cells from hydrogen peroxidase, a role which is consistent with the 

inverse relationship detected between Se status and thyroid volume, thyroid tissue 

damage and goiter in French women and the positive association between low 

prediagnostic serum-selenium concentration and the incidences of thyroid cancer in 

Norway (Rayman., 2012). 

 

1.3 Anti-inflammatory properties of selenium 

Se can influence inflammatory response in a number of way, one being the inhibition of 

the NF-κB cascade, which is responsible for the production of interleukins and tumor 

necrosis factor-α (TNF-α) (Kertz-Remy et al., 2001). The is a link between decreases Se 

levels and chronic inflammatory disorders, and cross-sectional case-control studies 

indicate that patients with inflammatory disorders such as cystic fibrosis, acne and 

inflammatory bowel disease may be as a result of lower selenium status than healthy 

controls, therefore through increasing antioxidant activity and suppressing inflammatory 

conditions supplementation with Se could possibly improve some of the symptoms of 

such disorders (Michalke., 2004). Selenium has also been identified as a potential therapy 

for rheumatoid arthritis (RA) patients, because of the low Se status in RA patients (Tarp., 

1995). In a study by Desai et al (2010) where Se was incorporated into two derivatives of 

celecoxib (selenocoxib-2 and selenocoxib-3) it was shown that selenocoxib-2 had a more 

pronounced anti-inflammatory response in macrophages than celecoxib in terms of the 
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inhibition of NF-κB activation and consequent downregulation of expression of a number 

of downstream pro-inflammatory genes at the transcription level.  

 

1.4 Negative aspects of selenium exposure 

Despite the requirement for Se in the diet, excess Se can elicit adverse reactions. 

Although these adverse events due to Se exposure are uncommon, chronic exposure to Se 

compounds is associated with several adverse health effects in humans. Following dietary 

exposure of around 300 μg/day, toxicity is seen on the endocrine system especially on the 

synthesis of thyroid hormones; toxicity is also seen in the metabolism of growth hormone 

and insulin-like growth factor-1 (Vinceti et al., 2001). There have been several claims 

that Se could be a teratogen, several miscarriages and an infant born with bilateral 

clubfoot were reported amongst female technicians exposed to selenite powder. (Fan and 

Kizer., 1990). In laboratory animals, livestock and humans, selenosis can occur following 

long-term exposure to Se concentrations as low as 5 mg Se/kg of diet (5 ppm) (Koller and 

Exon., 1986)  

 

 Inflammation  

The inflammatory process is a response that encompasses a complex sequence of tissue 

reactions. Inflammation is an innate and adaptive reaction that is initiated by noxious 

stimuli and conditions such as infection and tissue injury. A controlled inflammatory 

response is beneficial in providing protection against infection but can become harmful if 

disregulated or inappropriate (Medzhitov et al., 2008). It is a highly coordinated 

multiphase process triggered by infections or tissue injury and is the product of a 

sequence of tightly regulated overlapping events characterized by several checkpoints 

and numerous mediator molecules (Barton., 2008, Bei et al., 2008, Medzhitov., 2008). 

The reaction to tissue injury is a multifunctional network of chemical signals which will 

initiate and maintain the host response selected to heal the afflicted tissue. This involves 

activation and recruitment of leukocytes from the vascular system to the site of damage 

(Coussens and Werb., 2002). Leukocyte recruitment into tissues is the hallmark of all 
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types of inflammatory responses (Graça-Souza et al., 2002). The migration of leukocytes 

through the vascular endothelium and their accumulation in the damaged tissue together 

with protein-rich plasma is initiated by the local production of inflammatory mediators 

that cause blood vessel dilation and amplifies endothelial permeability. These mediators 

include vasoactive amines such as serotonin and histamine, bradykinin as well as 

prostaglandins and other arachidonic acid derivatives (Bei et al., 2008). Initially 

neutrophils accumulate into the damaged tissues and are believed to be the cells 

coordinating the recruitment of other inflammatory cells to these sites of injury (Coussens 

and Werb., 2002) through extensive degranulation and significant respiratory burst 

processes that causes the extracellular production of new soluble mediators, such as 

proteinases and reactive oxygen (Bei et al., 2008). 

 

There are other steps involved in the initiation of inflammation; these steps include the 

activation of L-, P- and E-selectins which are members of the selectin family of adhesion 

molecules  responsible for a number of responses 1) the triggering of signals that 

stimulate and upregulate leukocyte intergrin expression mediated by cytokines and 

leukocyte-activating molecules, 2) the attachment of neutrophils on the surface of the 

vascular endothelium using tight adhesion through α4β1 intergrins binding to endothelial 

vascular cell-adhesion molecule (VCAM-1) and MadCAM-1, 3) transmigration through 

the endothelium to sites of injury, thought to be facilitated by extracellular proteases such 

as matrix metalloproteinases (MMPs) (Coussens and Werb., 2002, Furie and Randolph., 

1995). 

 

At this early stage of inflammation, both cytokines and chemokines direct the 

advancement of the inflammatory reaction. Tissue damage stimulates the synthesis of the 

major inflammatory and immunomodulatory cytokines, including interleukin 1 (IL-1), 

tumour necrosis factor-α (TNF-α), interferon-γ (IFN-γ), IL-6, IL-13 and IL-17. These 

cytokines then stimulate the release of different chemokines by stromal and inflammatory 

cells, thereby activating a polarized response (Bei et al., 2008, Mantovani et al., 2007). 

Localised stimulated lymphocytes will induce the recruitment of monocytes, the 

monocytes in turn differentiate into macrophages in tissues and once triggered the 
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macrophages will produce proteinases, eicosanoids, cytokines, reactive oxygen (ROSs), 

and reactive nitrogen species (RNSs) (Coussens and Werb., 2002, Louis et al., 2005). 

Another key mediator in inflammation is nitric oxide (NO). NO is produced via the 

oxidation of the terminal guanidine nitrogen atom of L-arginine by the enzyme nitric 

oxide synthase (NOS).  During an inflammatory response it increases vascular 

permeability and oedema by changes in the local blood flow as well as increase the 

release of pro-inflammatory prostaglandins (Salvemini et al., 1996). It is commonly 

understood that controlled inflammatory response is beneficial, for example in providing 

protection against infection, but can become harmful if disregulated for example in septic 

shock (Medzhitov., 2008). 

 

 The immune system 

The immune system is an extremely evolved biological system which identifies and 

eliminates foreign pathogens and damaged cells (Farmer and Packard., 1986). A 

successful immune response eradicates the assaulting antigen, and once clear of this 

stimulus, the response returns to near basal level. In addition to eliminating the antigen 

the immune system uses other mechanisms, initially to increase and later to down-

regulate its activity (Delves and Roitt., 2000). The immune system is composed of two 

distinct compartments 1) the innate immune responses which are hard-wired responses 

that are encoded by genes in the host’s germline, and 2) the adaptive immune responses 

that demonstrate post exposure specificity for selected target antigens through the 

antigen-specific receptors expressed on the surfaces of T and B lymphocytes (Chaplin., 

2006). 

 

 The first line of defence against foreign materials is made up of the innate immune cells 

such as, dendritic cells (DCs), natural killer cells (NK), neutrophils, basophils, 

macrophages and mast cells. DCs, macrophages and mast cells are pre-stationed in 

tissues and function as sentinel cells that continuously monitor their microenvironment 

for signs of distress (Visser et al., 2006). When tissue homeostasis is disturbed, sentinel 

macrophages and mast cells immediately produce soluble mediators like cytokines, 
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chemokines, matrix metalloproteases and reactive oxygen species (ROS), as well as 

bioactive mediators like histamine, that initiates the cell mobilisation and infiltration of 

additional leukocyte into injured tissues (Chaplin., 2006, Saadi et al., 2002) (Visser et al., 

2006). The innate immune cells are unique because they possess the ability to promptly 

respond when tissue injury occurs without memory of prior assault or antigen specificity. 

(Visser et al., 2006) 

 

Acute activation of these diverse immune-response pathways efficiently eliminates 

assaulting pathogens, damaged cells and extracellular matrix (ECM). Moreover, once 

invading agents are removed, the process of normalising cell-proliferation and cell death 

pathways is governed by immune cells, this is meant to enable re-epithelialisation and 

new ECM synthesis. Once inflammation resolves and wound healing is complete, tissue 

homeostasis returns. Immune cells exert multiple effector functions that are continually 

fine-tuned as tissue microenvironments change and because of their enormous plasticity. 

The immune system is intrinsically involved in retaining tissue homeostasis but has been 

implicated in the pathogenesis of many chronic diseases, such as arthritis, heart disease, 

Alzheimer disease and cancer (Chaplin., 2006, Delves and Roitt.,  2000, Visser et al., 

2006), 

 
 Motivation for the Study 

In the quest to establish a safe and effective treatment for inflammation, various reports 

have been published on the safety and possible anti-inflammatory properties of potassium 

humate (Ph) as well as the antioxidant activity of Se, but the mechanism of action of 

neither of these compounds is well understood. The safety and efficacy when used in 

combination has not been established and there is no evidence suggesting that the 

combination of Ph with Se will yield a synergistic effect when administered orally or that 

it is an effective and safe treatment for inflammation.  

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



15 
 

This study assessed the combination of Ph with 0.2% Se AAC. These products are 

already available in health shops, are relatively cheap and are registered as a food 

supplement. 

 

 Aim  

 
To evaluate the efficacy, safety and possible mechanism of action of potassium humate 

loaded with selenium (Phse)  

 

 Study objectives 

• To evaluate the possible in vitro cytotoxic effect of Phse on the growth of primary 

cell cultures (lymphocytes). 

• To evaluate the in vitro antioxidant activity of Phse 

• To evaluate the in vitro effect of Phse on CR3 expression using mixed leucocytes 

• To evaluate the anti-inflammatory properties of Phse using the carrageenan-

induced paw oedema rat model.  

• To evaluate the effect of Phse on acute phase proteins in the rat model. 
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Chapter 2  

 Introduction of techniques 

Al l the solutions and recipes are given in Appendix I 

2.1 Cytotoxicity of potassium humate with selenium 

In vitro Cytotoxicity assessment is widely used by the pharmaceutical industry to screen 

for toxicity in potential therapeutic compounds. The development of in vitro Cytotoxicity 

assays has been driven by the need to rapidly evaluate the potential toxicity of 

compounds that are proposed for use as therapeutic agents at an early stage of 

development and whenever possible to limit animal experimentation, and to carry out 

numerous different tests using applicable concentrations with limited quantities of 

therapeutic agent as test compound. 

 

Ph has been shown previously to have insignificant in vitro cytotoxic effects on resting 

lymphocytes but does cause proliferation of PHA- stimulated lymphocytes at 

concentrations of 20 µg/ml to 100 µg/ml in a dose related manner (van Rensburg and 

Naudé., 2009). This effect is similar to that reported for Se that increases proliferation of 

lymphocytes in response to mitogenic stimulation (Gill and Walker., 2008). 

 

The MTT cell enumeration assay was used to evaluate the cytotoxicity of Ph loaded with 

Se by comparing treated to untreated lymphocyte populations in resting and PHA 

stimulated conditions. The MTT assay measures the relative reducing potential of the 

mitochondria of living cells using a colorimetric reaction. Viable cells with active 

mitochondria reduce the soluble, membrane crossing MTT reagent to form an insoluble 

highly coloured formazan product that is quantitated by spectrophotometric means. 

Comparison to control treatments has been proven to be an accurate assessment of cell 

numbers used to assess relative cell population growth or growth inhibition due to 

toxicity.  
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2.2 Anti-oxidant properties of potassium humate with selenium 

In all respiring cells, oxidative stress can occur if high levels of ROS such as superoxide, 

hydrogen peroxide and hydroxyl radicals are formed. When activated, phagocytic 

leukocytes such as macrophages and neutrophils demonstrate a rapid increase in ROS due 

to the oxidative bust.  Although ROS formation is a normal function of these phagocytic 

cells where the ROS play an important role in microbicidal activity, differentiation and 

for cell to cell communication, it is normally well regulated. (Hoffman., 2007). However, 

high levels ROS are cytotoxic capable of damaging lipids, proteins and nucleic acids of 

both target cells as well as in the host cell. 

 

One of the major causes of intracellular injury is thought to be the excessive 

accumulation of ROS within several cellular regions that leads to cell aging and to age-

related degenerative diseases such as cancer, brain dysfunction and coronary heart 

disease (Cuello et al., 2007).This study investigated whether Ph in combination with Se 

could improve both anti-inflammatory and anti-oxidant effects compared to Ph on its 

own. To evaluate the antioxidant potential of these compounds two assays were used, the 

ORAC assay and the 2´-7´-Dichlorodihydrofluorescein diacetate (DCFH-DA) assay.  

 

The Oxygen Radical Absorption Capacity (ORAC) is a reliable, simple and sensitive 

method to quantitate the peroxyl radical absorbing capacity of antioxidants. The assay 

measures antioxidant inhibition of peroxyl radicals formed by oxidation and thus imitates 

classical radical chain breaking antioxidants activity propagated by H atom transfer. In 

the assay, the peroxyl radical reacts with a fluorescent probe (fluorescein) to produce a 

non-fluorescent product.  The fluorescent probe reaction with peroxyl radicals results in 

the loss of fluorescence over time. To evade underestimation of antioxidant activity and 

to account for potential effects of secondary antioxidant products, the ORAC assay 

follows the reaction for extended periods. The assay delivers a controllable source of 

peroxyl radicals that models reactions in physiological systems and can be manipulated to 

detect both hydrophilic and hydrophobic antioxidants by changing the radical source and 

solvent (Cao et al., 1993, Dávalos et al., 2004, Prior et al., 2005)  
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2´-7´-Dichlorodihydrofluorescein diacetate (DCFH-DA) is a membrane permeable, 

relatively non-fluorescent molecule widely used for directly measuring the redox status 

of cells. It is extremely sensitive to changes in the redox state of the cell and can be used 

to track changes in ROS over time. After entry into the cell, intracellular esterase 

enzymes cleave DCFH-DA to form 2´-7´-dichlorodihydrofluorescein (DCFH2) which is 

poorly membrane permeable and therefore trapped in the cells and has a low 

fluorescence. In the presence of hydrogen peroxide or nitrogen oxides, several enzymes 

like peroxidases, cytochrome c as well as ions like Fe2+ can oxidise DCFH2 to 2´-7´-

dichlorofluorescein (DCF) which is highly fluorescent. The oxidative increase of DCF in 

cells may be measured by an increase in fluorescence at 530 nm when the sample is 

excited at 485 nm. Fluorescence at 530 nm is anticipated to be proportional to the 

concentration of hydrogen peroxide in the cell (Cuello et al., 2007, Curtin et al., 2002). 

 

 
Figure 2.1: A diagram illustrating the mechanism of action of DCFH-DA in the assessment of 
intracellular oxidative species (Taken from Curtin et al., 2002 with permission) 
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                            Antioxidant capacity = AUC antioxidant - AUC blank 

 
Figure 2.2: Schematic illustration of the principles of ORAC assay based on the descriptions by 
Haung et al., 2002 with slight modifications 
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2.3 Complement receptor 3 (CR3) expression 

During the process of inflammation, neutrophils leave the vasculature to reach the region 

of inflammation using a process referred to as diapedesis. One of the early events during 

diapedesis is the adhesion of neutrophils to the endothelium. Cell-surface glycoproteins 

including the iC3b receptor (CR3) mediate this process of adhesion. CR3 is made up of a 

165 kDa alpha chain (CD11b) that is non-covalently bound to a 95 kDa beta chain 

(CD18). CR3 is reported to be the most abundant adhesion molecule on mature 

granulocytes and literature suggests that it is the dominant adhesion-related molecule of 

human neutrophils (Phillips et al., 1988). 

 

In phagocytic cells, CR3 is responsible for their ability to adhere to endothelial cells and 

migrate out of the vascular system to sites of infection. In neutrophils not all CR3 is 

expressed on the membrane but large quantities are stored in specific intracellular 

granules near the cell membrane. When neutrophils are exposed to phagocyte activating 

agents such as FMLP and PMA a rapid large increase in the expressed CR3 on the 

external membrane surface occurs due to surface expression of CR3 that is derived from 

the CR3 stored in the granules (Muto et al., 1993). 

 

CR3 is the major adhesion-promoting receptor found on the cell surface of activated 

phagocytes, by inhibiting the recruitment of leukocytes into tissues. Agents that block 

CR3 are beneficial in the treatment of inappropriate inflammation (Jooné et al., 2004). In 

2001, Jooné et al showed that a semi synthetic humate derived from bitumous coal, 

named oxihumate, inhibits the binding of treated neutrophils to transfected baby hamster 

kidney cells in vivo that over-express human E-selectin and ICAM-1 adhesion molecules. 

Jooné et al., (2004) went further and showed that the anti-inflammatory effects of 

oxihumate could be as a result of its inhibitory effects on the expression of CR3 by 

activated neutrophils as well as the adhesion of these cells to ICAM-1. Cromarty (2003) 

showed that the expression of CR3 molecule was intensely inhibited by refined water-

soluble subfactions of oxihumate. 
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In this study the synergistic effect of Phse on the in vitro cellular expression of CR3 by 

neutrophils was quantified. 

 

2.4 The carrageenan induced paw oedema rat model. 

Carrageenan induced paw oedema rat model established in 1962 by Winter et al is a very 

useful model for the assessment of anti-inflammatory agents.  Carrageenans are a family 

of linear sulfated polysaccharides that are extracted from red seaweeds. There are three 

types of carrageenan, which differ in their degree of sulfation, Kappa-carrageenan has 

one sulfate per disaccharide, Iota-carrageenan has two sulfates per disaccharide and 

Lambda carrageenan has three sulfates per disaccharide (Tateda et al., 1998).  

 

In host biological system, this polysaccharide exerts a variety of activities, such as 

activation of Hageman factor, inhibition of complement and cytotoxicity to macrophages. 

In experimental conditions, carrageenan has been generally used as a tool to induce 

inflammation in animals (Tateda et al., 1998). After the subplater injection of 0.50 mg of 

carrageenan in rats, the accumulation of oedema fluid as a function of time is biphasic. 

The first phase starts immediately after injection of the irritant and diminishes in an hour. 

The second period characterised by accelerated oedema formation starts at the end of the 

1st hour and last for about three hours (Vinegar et al., 1969).  

 

Intraplantar injection of carrageenan produces peripheral inflammation leading to oedema 

which is reportedly accompanied by a marked accumulation of COX-2 mRNA and 

thromboxane in the affected paw, and also produces hyperalgesia with a fairly rapid onset 

(3-4 h) (Hay and Belleroche., 1997) but relatively short duration of about 9 hours. Studies 

have revealed that carrageenan has the ability to initiate the production of inflammatory 

cytokines such as interleukin-1 (IL-1), IL-6 and tumour necrosis factor (TNF) (Ogata et 

al., 1991, Tateda et al., 1995, Utsunomiya et al., 1991) 

In the in vivo study reported in this dissertation, the anti-inflammatory properties of Phse 

were investigated using the carrageenan-induced paw oedema rat model of inflammation. 
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2.5 Acute phase proteins  

Acute- phase proteins are defined as proteins whose plasma concentration surges 

(positive acute-phase) or declines (negative acute-phase) by at least 25 percent during 

inflammatory responses or disorders.  The concentrations of acute-phase proteins change 

due to rapid changes in their production by hepatocytes. Infections, trauma, surgery, 

burns, tissue infarction, various immunologically mediated and crystal-induced 

inflammatory conditions or advanced cancer can lead to significant fluctuations in the 

plasma concentrations of acute-phase proteins (Gabay et al., 1999).  

 

When the body experiences an immunological challenge the first reaction is the innate, 

non-specific response followed by specific immune reactions. The initial systemic 

reaction of the body to local or systemic disturbances in homeostasis is called the acute-

phase response; this response can be triggered by an infection, tissue injury, trauma or 

surgery. The affected tissue itself will initiate a number of responses at the site of 

invasion by a micro-organism or the place of injury. The vascular system and 

inflammatory cells are initially activated by the release of pro-inflammatory cytokines. 

These reactions are accompanied by the production of other cytokines and other 

inflammatory intermediaries which diffuse to the extracellular fluid compartment and 

circulate in the blood (Gruyse et al., 2005). In response to these circulating pro-

inflammatory cytokines distant tissue such as the liver produce large quantities of other 

inflammatory mediators, amongst which are the acute phase protein C reactive protein 

(CRP) A non-hepatic acute phase peptide is Substance P (SP) which is expressed by 

eosinophils, endothelial cells and macrophages.  

 

CRP was the first described acute phase protein, and was discovered due to its ability to 

bind to the C-polysaccharide of pneumococci. It is a ring of five 23000 Da units (Gruyse 

et al., 2005). CRP is part of the pentaxin family of calcium-dependent ligand-binding 

plasma proteins. It is produced as part of the non-specific acute phase reaction to most 

forms of inflammation, tissue damage and infection (Pepys and Gideon., 2003). It is 

synthesised by the liver and has a normal plasma level of less than 1 μg/ml but can 

increase up to 1000-fold following tissue damage or infection during the first 24 to 48 
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hours, a response shown primarily to be due to the stimulation by interleukin-6 (IL-6) 

(Cermak et al., 1993, Padilla et al., 2003). An important function CRP is thought to be 

the amplification of the host defence system by increasing its recognition capacities, and 

activating the classical complement system C1q pathway. It also binds to phosphocholine 

in bacterial cell walls as well as other anionic substrates and appears to stimulate removal 

of assaulting organisms and damaged cells (Cermak et al., 1993, Padilla et al., 2003, 

Blackburn., 1994). The circulating CRP value in most, though not all diseases is thought 

to reflect on going inflammation and/or tissue damage more precisely than other 

laboratory parameters of acute phase proteins (Pepys and Gideon., 2003).  

 

SP was first discovered in the early part of the last century, originally isolated as a crude 

extract from equine brain and gut and found to have potent hypotensive, smooth muscle 

contractile and vasodilatory properties (Harrison and Geppetti., 2001, Goetzl et al., 

1985). It is a neuropeptide with 11-amino acids that is produced by nerve endings in 

tissues and selected immune cells. Substance P expression is restricted to central nervous 

system and the peripheral nervous system.  It is located in high concentrations in the 

dorsal root of the spinal cord; hence it is classified as a mediator of pain which plays a 

vital role in inflammatory states (Harrison and Geppetti., 2001, Bhatia et al., 2000, Tissot 

et al., 1988). The undecapeptide substance P is a member of the tachykinin family and 

acts via membrane bound NK-1 receptor (NK-1R) to elicit its effects (Bhatia et al., 2000, 

Hӧkfelt et al., 2001). The production of substance P from peripheral endings of C nerve 

fibres results in neurogenic inflammation, vasodilation and/or plasma protein 

extravasation (Tissot et al., 1988). Substance P has been shown to augment the severity 

of experimental adjuvant arthritis and to induce secretion of prostaglandin E2 from 

synovocytes, cytokines from monocytes and histamine and leukotrienes from serosal 

mast cells and macrophages (Gilligan et al.,1994, Raychaudhuri et al., 1991). The levels 

of substance P were found to be high in experimental pleurisy rat models and in IL-1 

induced inflammation in rabbit knees. Substance P has also been associated with the 

pathogenesis of rheumatoid arthritis. In man, the elevation of NK-1 receptors in the 

intestinal blood vessels and lymphoid tissues has been associated with inflammatory 

bowel disease (Harrison and Geppetti., 2001). NK-1 receptor antagonist (MK-869) was 
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reported to have antidepressant activity as effective as paroxetine which was the 

reference drug used (Hӧkfelt et al., 2001). 

The evaluation of SP antagonists as potential therapeutic agents in the setting of clinical 

trials further emphasizes the need for accurate measurements of serum or plasma SP that 

have high levels of specificity, sensitivity, and reproducibility. 

 

It has been shown that intraplantar administration of carrageenan increases prostaglandins 

(PGs) in the spinal cord which adds to the development of altered pain sensitivity and 

also prompts changes in the levels of mRNA and proteins encoded for by immediate 

early genes (IEGs) (Hay and Belleroche., 1997). IEGs are genes which are activated 

transiently and rapidly in reply to a broad variety of cellular stimuli, these genes are 

sometimes referred to as the gateway to genomic response. In their role as the gateway 

they generate transcription factors or other DNA binding proteins (Davis et al., 2003) 
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Chapter 3   

 Materials and Methods 

3.1 Cytotoxicity assay 

3.1.1 Isolation of a mixed lymphocyte population from human blood for 

cytotoxicity assay 

This procedure was performed under sterile conditions in a laminar flow cabinet and is 

based on a method by Bøyum 1976. 

 

Blanket ethical approval was obtained from the University of Pretoria Research Ethics 

Committee for the collection of blood from healthy volunteers. Venous blood was 

collected from healthy consenting adults into evacuated potassium EDTA tubes by 

venepuncture if small volumes (less than 50 ml) of blood were used. For larger volumes 

(more than 50 ml) blood was collected into FENWAL Blood–Pack blood bags to which 5 

units of sterile preservative free heparin per ml blood had been added prior to collection. 

 

Fifteen millilitres of Histopaque-1077 was poured into 50 ml sterile graduated plastic 

centrifuge tubes. A volume not exceeding 35 ml of the freshly collected blood was 

carefully layered onto the Histopaque. The tubes were centrifuged at 520 x g for 30 

minutes at 20ºC after which the portion of the top layer containing the plasma and 

platelets was removed and kept for a source of plasma or discarded. The 

lymphocyte/monocyte layer was carefully removed and added into a new sterile tube and 

diluted to at least six times the volume with Roswell Park Memorial Institute Medium 

without deactivated foetal calf serum (RPMI-) medium, then centrifuged at 240 x g for 10 

minutes. The supernatant was discarded and the tubes filled with cold 0.83% ammonium 

chloride to lyse any contaminating red blood cells and put on ice for 10 minutes. The 

tubes were centrifuged at 240 x g for 10 minutes and the supernatant discarded and the 

tubes filled with RPMI- and centrifuged again at 240 x g for 10 minutes. The supernatant 

was discarded and the cells resuspended in 1 ml of Roswell Park Memorial Institute 

Medium with 10% deactivated foetal calf serum (RPMI+). The cells were manually 
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counted (50 µl cell suspension added to 450 µl counting solution and allowed to stand for 

at least two minutes before counting in a Neubauer cell counting chamber at 400 x 

magnification) and the cell suspension further diluted to a concentration of approximately 

2x106 lymphocytes per millilitre of medium. 

 

Two sterile 96 well plates were generally used per assay. They were divided into positive 

control wells, negative control wells and experimental wells, one plate was simulated 

with Phytohaemagglutinin (PHA) and the other was left unstimulated.  From the prepared 

lymphocyte suspension, 100 μl was pipetted into the wells and incubated for an hour 

before adding 20 µl of different concentrations of Ph, Se and Phse respectively to the 

experimental wells. The negative control wells received 20 µl of medium, the stimulated 

wells 20 µl of PHA solution and to the resting cells 20 µl of medium. RPMI+ medium 

was added to the wells to bring the volume to 200 µl in each well. The plates were 

incubated for 3 days at 37°C and 5% CO2 in a CO2 incubator. 

 

3.1.2 MTT assay 

After the incubation period twenty microliters of a 5 mg/ml MTT in PBS solution was 

added to each well. The plates were re-incubated for 3-4 hr at 37°C in a C02 incubator. 

After the incubation period the plates were centrifuged at 520 x g for 10 min, the 

supernatant was carefully removed and the pellets washed with 150 μl PBS. After the 

wash step the pellets were treated with 100 μl dimethyl sulfoxide (DMSO) per well and 

the plates were gently shaken for 1 hr on a plate shaker. The plate was then read on a 

plate reader that spectrophotometrically measured each well individually at a wavelength 

of 570 nm (reference 630 nm). The data was corrected by subtracting the blank readings 

and expressed as a percent of the average mean of the untreated control cell readings. 
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3.2 Antioxidant assays 

3.2.1 Kinetic evaluation of intracellular ROS concentration by 

fluorometery  

To determine whether any intracellular ROS generation occurred over longer humate 

exposure periods, kinetic intracellular oxidant concentration assay experiments were 

conducted.  

Intracellular ROS was detected according to the method of Zhang et al., 2009, with slight 

modifications.  

After the 48 hr seeding incubation of HepG2 cells, 40 μl of 20μM 2´-7´-

Dichlorodihydroflourescein diacetate (DCFH-DA) in PBS was added to each well and 

incubated for 1 hr at 37°C. The loading medium was then carefully removed and cells 

washed with 200 μl of PBS. Cells were kept hydrated by the addition of 50 μl of PBS 

followed by the addition of 50 μl of either PBS, 2,2´-azobis-2-2 methyl-propanimidamide 

dihydrochloride  (AAPH)  (300 μM) or test compounds ( Ph 6.25 μg/ml - 100ug/ml, Se 

0.096 μg/ml - 1.53 μg/ml, Phse 6.25 μg/ml - 1.53 μg/ml). After addition of the test 

compounds and controls, fluorescence was determined over a period of 3 hr at 37°C. 

Fluorescence was measured on a FluoroStar Optima fluorescence plate reader using λex= 

492 nm and λem= 525 nm at a gain setting of 750. AAPH without further treatment was 

used as a positive control (Ximenes et al., 2009) 

 

3.2.2 Oxygen radical antioxidant capacity (ORAC) assay 

 

This procedure is based on the method by Ou et al (2002) with slight modifications. 

 

AAPH was used as a peroxyl radical generator, trolox as an antioxidant standard (0 - 

1000 µM), fluorescein as a fluorescent probe and PBS as a blank. To 160 µl of 0.139 mM 

fluorescein working solution, 40 µl of PBS, or Trolox or different concentrations of Se 

(0.01 μg/ml-1.53 μg/ml) were added. This was followed by the addition of 40 µl of 0.11 
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µM AAPH. The plate was read for four hours the FluoroStar Optima fluorescent plate 

reader and the excitation wavelength of 485 nm and emission wavelength of 520 nm. 

 

3.3 Complement receptor 3 (CR3) expression 

3.3.1 Isolation of Neutrophils from human blood 

The method used for the isolation of neutrophils is based on the Ficoll-Hypaque method 

that was first described by Böyum (1968). Briefly the method is as follows.  

Venous blood was collected from healthy consenting adults into evacuated potassium 

EDTA tubes by venipuncture. Fifteen millilitres of Histopaque-1077 was poured into 

sterile 50 ml graduated plastic centrifuge tubes. A volume of 35 ml of freshly collected 

blood was carefully overlaid onto the Histopaque. The tubes were centrifuged at 520 x g 

for 30 minutes at 20ºC after which the portion of the top layer containing the plasma and 

platelets was removed and discarded or kept for further use of the plasma. The 

lymphocyte/monocyte layer was carefully removed together with the bulk of the 

Histopaque layer. The neutrophil layer which is directly above and in direct contact with 

the red blood cell concentrated below the Histopaque layer The neutrophils were gently 

removed with minimal inclusion of red cells and diluted to at least six times the volume 

with ice cold 0.83% ammonium chloride solution, allowed to stand on ice for 10 minutes 

during which time the red blood cells haemolysed, before centrifuging at 480 x g for 10 

minutes at 10ºC to sediment the granulocytes. If there was still evidence of red blood 

cells in the pellet the ammonium chloride haemolysis step was repeated. The pellet was 

washed with RPMI supplemented with10% FCS, centrifuged at 480 x g for 10 minutes at 

10ºC and resuspended in cold medium to approximately 1/10th of the original volume of 

blood. 

 

The cells were manually counted (50 µl cell suspension added to 450 µl counting solution 

and allowed to stand for at least two minutes before counting in a Neubauer cell counting 

chamber at 400 x magnification) and the cell suspension further diluted to a concentration 

of approximately 10 x 106 neutrophils per ml with RPMI+ medium.  
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3.3.2 Relative quantitation of complement receptor 3 (CR3) expression 

Expression of CR3 by neutrophils was quantified by flow cytometric method based on 

the method originally reported by Rabinovitch and June (1990), adapted by Jooné (2002) 

and Cromarty (2003) with slight modifications. 

Isolated neutrophils were made up to 1 x 107 cells per millilitre as described above. Two 

5 ml plastic test tubes for each test compound, one for resting cells and one for stimulated 

cells, as well as equivalent control tubes were prepared by dispensing 50 µl of this cell 

suspension into 400 µl aliquots of RPMI 1640 medium containing 10% HI-FCS per tube 

and pre-incubated in a water bath at 37ºC for 15 minutes. The test compounds were 

replaced by HI-FCS fortified RPMI in the two negative control tubes; otherwise all 

additions were identical to the test compounds. After the pre-incubation period, 50 µl 

isolated various concentrations of test compound were added to both the tubes of cell 

suspension per paired set, gently mixed and incubated at 37ºC for a further 20 minutes. 

After the second incubation time the stimulated tube from each pair was treated with 50 

µl of a 1.0 µg/ml solution of freshly prepared PMA in RPMI. To the paired resting cell 

tubes 50 µl RPMI was added alone. After a further 20 minutes incubation time the tubes 

were quickly vortex mixed and transferred to an ice bath and 100 µl aliquots removed 

and added to corresponding clean counting tubes to which 5 µl of PE conjugated anti-

CD11b antibody had been added. Isotypic background controls were provided by the 

addition of 100 µl aliquots from the resting or stimulated control tubes to 5 µl PE 

conjugated isotypic anti-mouse IgG. After 10 minutes incubation time in a dark cupboard 

the suspensions were diluted to 600 µl with Isoflow® and the suspensions were analysed 

within an hour on a FC-500 flow cytometer (Beckman Coulter) equipped with an air 

cooled Argon ion laser. Time per analysis was set to 100 seconds or 50000 events. The 

neutrophil population in the scattergram was gated and this region analysed for mean 

fluorescent intensity. Relative quantitation of the surface exposed CR3 is directly related 

to the fluorescent signal measured and the mean peak position was used for the 

calculations. 
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3.4 An in vivo investigation of the anti-inflammatory properties of potassium 

humate with selenium 

Localised oedema develops when carrageenan is injected into the foot pad of the rat due 

to the release of histamine and serotonin, which both play a major role in the initial 

development of the inflammatory response (Howland 2006). 

 

3.4.1 Animal Study  

Animal studies were conducted using the South African National Standard SANS 

10386:2008 (The care and use of animals for scientific purposes).  Ethical clearance for 

the use of the Sprague Dawley rats was obtained from the University of Pretoria Animal 

Use and Care Committee (H010-10). 

In this study fifty four female Sprague Dawley (SD) rats, 12 weeks old, weighing 150 g - 

200 g were used. The rats were housed at the UPBRC for at least one week to acclimatise 

before the study was initiated with ad lib access to drinking water and standard rat chow. 

Twelve hour day/night light cycles, with an environment set at 45 – 65% relative 

humidity and 20˚C were applied. All procedures were according to the standard operating 

procedures used at the University of Pretoria Biomedical Research Centre (UPBRC).  

The rats were randomly allocated into weight matched groups into one of the following 6 

groups: 

 

1. Negative control group, ten SD rats.  

2. Experimental group 1, ten SD rats. 

3. Experimental group 2; ten SD rats. 

4. Experimental group 3; ten SD rats. 

5. Positive control group, ten SD rats. 

6. Control group (no treatment), 4 SD rats 
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3.4.2 Experimental design and drug administration 

A carrageenan-induced paw oedema model was used according to a method described by 

Naudé et al (2010) with slight modifications.  

 

The rats were weighed prior to dosing on Day 1 to ensure that the correct dose was 

administered. A once daily dose by gavage for five consecutive days was dosed 

according to the experimental group to which the rats were assigned. The negative 

control group received 1 ml of water, the experimental group 1 received approximately 1 

ml of 50 mg/kg body mass Ph, the experimental Group 2 received approximately 1ml of 

0.92 mg/kg body mass Se, the experimental Group 3 received approximately 1 ml of a 

combination, Phse (50 mg/kg + 0.92 mg/kg) body mass. On the fifth day of the 

experiment, the initial right hind paw volume of each rat was measured with a water 

displacement plethysmometer and the submersion level marked on the skin. The positive 

control group received indomethacin (10 mg/kg) by oral gavage. 

  

λ-Carrageenan (50 µl of a 2% solution in saline) was injected subplantar into the right 

hind paw and 50 µl saline into the left hind paw an hour after administration of the test 

compounds. The hind paw volumes were measured hourly from the time of injection for 

seven consecutive hours with a water displacement plethysmometer. At the end of the 7 

hours the rats were anaesthetised using isofluorane and approximately 5 ml of blood was 

collected via cardiac puncture into evacuated potassium EDTA tubes from all fifty four 

rats (including the non-treatment control group). The blood was quickly centrifuged at 

4˚C for 10 minutes at 520 x g, the plasma removed and frozen at -80°C until assayed. The 

blood cells were discarded. The rats were euthanized using an overdose of isoflurane and 

the rat cadavers disposed of using SOPs from UPBRC. 

 

3.4.3 Plasma levels of acute phase proteins 

The high-sensitivity rat C-reactive protein (CRP) ELISA kit was purchased from Kimaya 

Biomedical Company, Seattle, WA, USA, cat no: KT-099. The rat substance P ELISA kit 
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was purchased from Enzo Life Sciences, cat no: ADI-900-018. Both of these ELISA kits 

were used according to their manufacturer’s protocols. 

Plasma samples were thawed, vortex mixed, briefly centrifuged at 2000 g for 5 minutes 

and aliquots analysed for the two acute phase proteins using the respective ELISA kits 

using the enclosed manufacturer’s protocols for plasma concentration determination. 

Results were calculated from calibration curves fitted using the supplied calibration 

standards then compared between the different treatment groups. 

 

3.5 Statistical analyses 

All experiments were performed in triplicates on three separate days. The results were 

expressed as mean ± SEM as determined by Graphpad Prism 5 software, unpaired t-test 

was used for the cytotoxicity assay and CR3 expression and the results from the 

antioxidant assay, animal study and acute phase proteins were attenuated through the use 

of one way analyses of variance (ANOVA) with  a post-hoc Dunnetts test. Significance 

was noted as p<0.05  
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Chapter 4  

 Results 

4.1 Cytotoxicity assay 

Ph had no cytotoxic effect on resting lymphocytes up to a concentration of 100 µg/ml, 

but increased the proliferation of PHA-stimulated lymphocytes at concentrations above 

10 µg/ml in a dose-related manner (Fig. 4.1A).  

 

Similar results were observed with Phse (Fig. 4.1C).  

 

Se showed no effect on the resting lymphocytes but did show a small proliferative 

response at the lowest concentrations from 0.1 µg/ml to 1.53 µg/ml (Fig. 4.1B) for the 

PHA stimulated lymphocytes.  
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A: Effect of Potassium humate on lymphocyte viability  
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Figure 4.1A: The effects of 72 hr treatment with various concentrations of Ph on resting and PHA-
stimulated lymphocytes. The results are expressed as percentage of control ± SEM.  n = 30 
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B: Effect of Selenium AAC on lymphocyte viability  
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Figure 4.1B: The effect of 72 hr treatment with various concentrations of Se amino acid chelate on 
resting and PHA-stimulated human lymphocytes. The results are expressed as percentage of control 
± SEM. n =30 
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C: Effect of Potassium humate plus Selenium on lymphocyte viability 
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Figure 4.1C: The effects of 72 hr treatment with various concentrations of Phse on resting and PHA-
stimulated human lymphocytes. The results are expressed as percentage of control ± SEM. n = 30 
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4.2 Antioxidant activity 

The results of the DCFH-DA assay showed that Ph, Se and Phse showed no significant 

radical scavenging against AAPH at any of the tested concentrations, instead at 

concentrations of 50 µg/ml and 100 µg/ml Ph showed a slight pro-oxidant effect when 

compared to the oxidant (AAPH) used as the positive control (Fig 4.2A).  

 

At concentrations of 0.191 µg/ml and 0.383 µg/ml Se showed slight protection against 

AAPH but this was not statistically significant (p>0.05) (Fig 4.2B).  

 

The results observed with Phse were similar to those observed with Ph alone, where a 

pro-oxidant effect was seen at the two highest concentrations tested (Fig 4.2C). The 

radical scavenging capacity of each concentration of the test compounds was tested and 

the means were found not to be statistically significant. The results are expressed as 

relative fluorescence intensity. 

 

The results of the ORAC assay (Fig 4.3) indicate that at the tested concentrations Se does 

not show protection against ROS generation when compared to Trolox. The results are 

expressed as net area under the curve.  

The colour intensity of humic acid alone and in combination with selenium makes the 

ORAC assay invalid because of the quenching effect of potassium humate, hence the 

antioxidant activity of selenium alone was tested with this assay. 
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A: Kinetic assay of intracellular oxidant in HepG2 cells treated with Potassium humate 

and AAPH 

 
Figure 4.2A: The intracellular antioxidant activity of Ph in HepG2 cells using DCFH-DA assay 
(kinetic), expressed as relative fluorescence intensity over 2.5 hours. n = 12 
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B: Kinetic assay of intracellular oxidant in HepG2 cells treated with Selenium AAC and 

AAPH 

 
Figure 4.2B:  The intracellular antioxidant activity of Se in HepG2 cells using DCFH-DA assay 
(kinetics), expressed as relative fluorescence intensity over 2.5 hours. n=12 
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C: Kinetic assay of intracellular oxidant in HepG2 cells treated with Potassium humate 

and Selenium AAC with AAPH as radical generator 

 

 
Figure 4.2C: The intracellular antioxidant activity of Phse in HepG2 cells using DCFH-DA assay 
(kinetic), expressed as relative fluorescence intensity over 2.5 hours. n = 12. 
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D: ORAC 
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Figure 4.3: The antioxidant activity of various concentrations of Se AAC using the ORAC assay. The 
results are expressed net area under the curve (AUC). n = 12 
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4.3 CR-3 Expression 

Ph caused a dose-related inhibition of CR3 expression by PMA stimulated neutrophils 

from 25 µg/ml and higher, but showed no effect on resting neutrophils. The inhibition 

was statistically significant when compared to the positive controls (Fig. 4.4A). 

 

 Similar results were observed with Phse (Fig. 4.4B) where an inhibition of 

CR3expression was observed for stimulated neutrophils from a concentration of humate 

above 12.5 µg/ml.   

 

Se on its own also showed a statistically significant inhibition of CR3 from a 

concentration of 0.77 μg/ml and higher on PMA stimulated and had no effect on resting 

neutrophils at the tested concentrations (Fig 4.4C). The results are expressed as mean 

fluorescence intensity ± SEM of four different experiments.  
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A: Changes in CR3 expression by resting and PMA stimulated neutrophils after 

Potassium humate pre-treatment 

 
Figure 4.4A: The effects of 20-min treatment with various concentrations of Ph on the expression of 
CR3 on resting and PMA-stimulated neutrophils, determined by flow cytometer. The results are 
expressed as the mean fluorescence intensity ± SEM of four different experiments. n = 12. *p<0.05; 
**p<0.01; ***p<0.001 
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B: Changes in CR3 expression by resting and PMA stimulated neutrophils after Selenium 

AAC pre-treatment 

 
Figure 4.4B: The effects 20-min treatment with various concentrations of Se on the expression of on 
resting and PMA-simulated neutrophils determined by flow cytometer. The results are expressed as 
the mean fluorescence intensity ± SEM of four different experiments. n = 12. *p<0.05 
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C: Changes in CR3 expression by resting and PMA stimulated neutrophils after 

Potassium humate plus Selenium AAC pre-treatment 

 
Figure 4.4C: The effects of a 20-min treatment with various concentrations of Phse on the expression 
of CR3 on resting and PMA-stimulated neutrophils, determined by flow cytometer. The results are 
expressed as the mean fluorescence intensity ± SEM of four different experiments. n = 12. *<0.05; 
**p<0.01 
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4.4 Animal study 

To ensure that the reading of the water plethysmometer was consistent and acurate both 

the hind paws of the rats were marked just below the ankles. Those markings were used 

as levels to which the paws were plunged into the water for the volume measurements. 

The results of the study show that indomethacin (positive control) caused a statistically 

significant decrease (p<0.0001) in the oedema volumes compared to untreated animals 

from Hour 1 through to Hour 7. At Hour 1 there was a 17% decrease, at Hour 2 a 20% 

decrease, at Hour 3 a 25% decrease, at Hour 4 a 14 % decrease, at Hour 5 a 21% 

decrease, at Hour 7 a 21% decrease. Ph statistically significantly decrease the paw 

oedema volume in a similar manner to indomethacin from Hour 2 to Hour 7, at Hour 2 it 

showed a 21% decrease in paw oedema volumes, at Hour 3 a 15% decrease (p<0.001), at 

Hour 4 a 10%, at Hour 5 a 16%, at Hour 6 a 14% and at Hour 7 a 15% (p<0.05) 

Se only caused a 10% decrease in paw oedema at Hour 5, while at all other time points 

treatment with selenium AAC caused an increase in paw oedema volume which was even 

greater than that of the untreated negative control. 

Phse’s effect was inconsistent at Hour 1 it caused a statistically significantly 10% 

(p<0.05) decrease in paw edema volume but from Hour 2 to 4 it shows an increasing 

trend, then a 14% (p<0.05) decrease again at Hour 5 then increasing again at the end of 

the study 

The results of this study are illustrated as paw volume differences between the left and 

right paw volumes (delta values). The respective experimental groups were compared to 

the negative control group.  
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Figure 4.5: The effects of PH, Se, PHSe on paw oedema of carrageenan-induced inflammation in rats, 
recorded hourly over 7 hr. Data are expressed as delta volume changes of values (ml) of the rat paw 
volumes expressed as means ± SEM  n=10   *  p<0.05; ** p<0.01; *** p<0.001. n con = negative control; 
Phse = potassium humate with selenium; Se = selenium; Ph potassium humate alone; Indo =  indomethacin 
used as positive control  
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Table 4.1: The results showing the delta values (ml) of the paw oedema in the carrageenan-induced 
inflammation in rats using a water displacement plethysmometer. 

Time  Test compound Δ paw volume (ml) 95% Cl of difference 
Hour 0 N.control vs Phse 0.024 -0.070 to 0.118 

N. control vs Se 0.079 -0.015to 0.172 

N. control vs Ph 0.069 -0.025 to 0.163 

N. control vs Indo 0.049 -0.045 to 0.142 

Hour 1 N. control vs Phse 0.105 0.001 to 0.210 

N. control vs Se 0.026 -0.074 to 0.127 

N. control vs Ph 0.096 -0.001 to 0.194 

N. control vs Indo 0.172 0.068 to 0.276 

Hour 2 N. control vs Phse 0.088 -0.062 to 0.238 

N. control vs Se 0.108 -0.042 to 0.258 

N.control vs Ph 0.212 0.051 to 0.374 

N. control vs Indo 0.198 0.048 to 0.348 

Hour 3 N.control vs Phse 0.084 -0.018 to 0.187 

N.control vs Se 0.041 -0.061 to 0.144 

N.control vs Ph 0.159 0.056 to 0.261 

N. control vs Indo 0.259 0.146 to 0.371 

Hour 4 N.control vs Phse 0.035 -0.033 to 0.103 

N.control vs Se 0.075 -0.001 to 0.150 

N.control vs Ph 0.105 0.021 to 0.190 

N. control vs Indo 0.145 0.066 to 0.224 

Hour 5 N.control vs Phse 0.146 0.034 to 0.258 

N.control vs Se 0.108 0.002 to 0.215 

N.control vs Ph 0.164 0.045 to 0.284 

N. control vs Indo 0.212 0.108 to 0.315 

Hour 6 N.control vs Phse 0.032 -0.102 to 0.166 

N.control vs Se -0.008 -0.133 to 0.118 

N.control vs Ph 0.149 0.009 to 0.289 

N. control vs Indo 0.144 -0.033 to 0.322 

Hour 7 N.control vs Phse 0.045 -0.049 to 0.139 

N.control vs Se 0.007 -0.081 to 0.094 

N.control vs Ph 0.156 0.057 to 0.254 

N. control vs Indo 0.212 0.088 to 0.336 
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4.5 Acute phase proteins 

The results show that the positive control (indomethacin) and Ph caused a decrease in the 

plasma level of SP in carrageenan challenged rats compared to the untreated control 

animals, but this change was not statistically significant.  Se and Phse demonstrated no 

effect on the level of SP in the rat plasma (Fig 4.6A). The sham treatment group represent 

the baseline  

 

Ph, Se and Phse caused a statistically significant decrease in plasma CRP levels of 

carrageenan challenged rats. Se on its own showed the greatest decrease in the CRP 

concentrations having the most positive effect p<0.001. The positive control 

indomethacin showed only a slight decrease in plasma CRP that was not statistically 

significant (Fig 4.6B)  
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Differences in plasma levels of Substance P in carrageenan treated rats after 7 hours after 

selected pretreatment. 
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Figure 4.6: The effects of Ph, Se, Phse pretreatment on the plasma levels of substance P in rats 7 hr 
after carrageenan induced inflammation, determined by ELISA. Data expressed as pg/ml of plasma. 
n = 20. 

  

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



51 
 

Differences in plasma levels of C-reactive protein in carrageenan treated rats after 7 

hours after selected pretreatment. 

 
Figure 4.7: The effects of pretreatment with Ph, Se, Phse on the plasma levels of C-reactive proteins in rats 7 hr 
after carrageenan induced inflammation, as determined by ELISA. Data expressed as ng/ml of plasma. n = 20. 
*p<0.05; **p<0.01; ***p<0.001 
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Table 4.2: The statistical analysis of CRP results measured in pg/ml using a one way ANOVA and 
Dunnett’s multiple comparison test as a post hoc test 

Test compounds Mean difference 95% Cl of difference 

n.control vs Ph 12.80 0.12820 to 25.48 

n.control vs Se 16.09 5.232 to 26.94 

n.control vs Phse 15.67 2.997 to 28.34 

n.control vs indo 5.299 -7.375 to 17.97 

n.control vs sham 6.794 -7.841 to 21.43 

n.control: negative control 
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Chapter 5  

 Discussion 

This is the first study to document the effects of potassium humate loaded with selenium 

on the proliferation of both resting and PHA stimulated human lymphocytes in vitro. 

 

In the case of Ph the results of this study correlate with the results obtained by van 

Rensburg and Naudé (2009), where Ph increased the proliferation of PHA stimulated 

lymphocytes and had an insignificant effect on resting lymphocytes. Jooné and van 

Rensburg (2004) reported a similar result with lymphocytes isolated from HIV-infected 

patients, indicating that this response is not limited to the in vitro setting. The central 

feature of the immune response is the proliferation of Ag-reactive lymphocytes. This 

proliferation is facilitated by the interaction of cytokines with their receptors on the 

surface of activated lymphoid cells (Gately et al., 1991). The function of IL-2, a T-cell-

derived cytokine, is to promote T-lymphocyte growth and maturation (Joone et al., 2003). 

The interaction between IL-2 and its specific receptors following T lymphocyte 

activation triggers the T lymphocytes proliferation (Minami et al., 1993). In a study by 

Jooné et al., 2003 where a mixed lymphocyte suspension was stimulated with PHA and 

treated with various concentrations of oxihumate, the oxihumate was shown to have 

significantly increased the IL-2 production by PHA-stimulated MNL. These authors went 

further and showed that at a concentration of 100 μg oxihumate not only increased the 

expression of IL-2 but also its surface receptor, CD25, leading them to make the 

suggestion that humates appear to augment the actions of TH1 cells which produce IL-2. 

 

Selenium supplementation has been reported to have many positive effects. Amongst 

others, it has been found to increase T cell proliferation, an effect which was also 

observed in this study, with no observed cytotoxicity at any of the tested concentrations. 

Literature states that Se escalates the expression of IL-2 receptors and increases the 

percentages of activated T cells (Gill and Walker., 2008).  In selenium-deplete 

individuals supplementation has marked immuno-stimulant effects including an 

enhancement of proliferation of activated T cells by clonal expansion (Rayman., 2000). It 
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is possible that Se exerts its effects by modifying the redox status of the cell or by 

providing the requirements for the upregulation of selenoproteins for the activated 

immune cells.  Se can also increase the activity of selenophosphate synthetase which 

directly affects the synthesis of selenocysteine (a key constituent of selenoproteins), in 

activated T cells and an increase in the biosynthesis of several proteins in the 

lymphocytes has been reported (Gill and Walker., 2008). Rayman (2000) suggested that 

the capacity of Se to up-regulate the expression of receptors for the growth-regulatory 

cytokines IL-2 on the surface of activated lymphocytes might be the mechanism of action 

and Hoffman (2007) reported that supplementation with Se results in increased 

expression of both the α (CD25) and to a lesser extent β/γ (CD 122/CD 132) subunits of 

the IL-2R on stimulated lymphocytes. This results in a greater number of high-affinity 

IL-2R per cell and enhances proliferation and differentiation on lymphocytes.  

 

The combination of potassium humate with selenium had the greatest proliferative effect 

on stimulated lymphocytes at concentrations between 10 - 50 µg/ml. The mechanisms of 

action of the two substances in combination is unknown, but this study demonstrated that 

the combination is non-toxic to lymphocytes. More studies would need to be done to 

investigate whether an additive or synergistic effect is taking place. 

 

An interesting observation was made where there was a reduction in cell proliferation at a 

concentration of 50 µg/ml or greater with both Ph and the Phse combination, while 

selenium on its own showed an increase in proliferation. Previous studies done on Ph 

showed lymphocyte proliferation for stimulated lymphocytes in a dose-related manner 

(Jooné et al., 2003), which was not observed in this study despite working in the same 

concentration range. Humic acids contain many aromatic rings and often complex metals 

such as chrome, manganese, arsenic, lead, zinc, cadmium and nickel. The presence of 

phenolics, hydroxyl, phenolic hydroxyl, ketone, quinine, semiquinone, carboxyl, 

carbonyl and alkoxyl groups have been revealed in humic acid using chemical and 

infrared analysis (Yang et al., 2004). It can be expected that two separate natural sources 

of humic acids probably do not contain identical molecules. Humic acid from one source 

may have a positive influence, while the influence of those from another source can be an 
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adverse one (Yang et al., 2004). This might due to the fact that the Ph used in this study 

and the one used in Jooné et al (2003) study are from completely different sources, and 

therefore could have different properties.  

 

Humic acids can strongly interact with both inorganic and organic agents due to their 

chemical structure and thus might play a role in redox regulation. Humic acids are 

involved in the generation of ROS, such as the superoxide anion and deplete glutathione 

and several antioxidant enzymes (Vašková et al., 2011). Reactive oxygen species are 

typically defined as oxygen-containing radicals which can exists independently with one 

or more unpaired electrons (Halliwell and Gutteridge., 1984, Halliwell and Cross., 1994). 

A similar observation was made in this study where Ph showed no protective effect 

against ROS at any of the tested concentrations up to 100 µg/ml. 

 

A study using humic acids extracted from podzol soils stimulated rat liver mitochondria 

respiration that resulted in the production of measurable intracellular reactive oxygen 

species (Visser., 1987). Another study done on cultured rabbit articular chondrocytes 

indicated that humic acid induced oxidative injury may be due to superoxide anion 

production (Liang., 1999) Oxidative stress generated by humic acid is implied in the 

process leading to apoptosis of endothelial cells (Hseu et al., 2002 and Vašková et al., 

2011). Following oxidative stress, protein kinases may be activated and these enzymes 

may play a vital role in the steps leading to apoptosis (Brawn et al., 1994). According to 

Yang et al (1994) treating HUVECs with humic acid significantly amplified the protein 

kinase activity and in a study done by Hseu et al (2002) they demonstrated that humic 

acid induced apoptosis requires activation by a protein kinase.  

 

Se as part of selenoproteins plays an important role in the maintenance of proper balance 

between negative and positive effects of ROS (Hoffman., 2007). Selenoproteins exists in 

every cell type and their function is to catalyse oxido-reductive reactions. There are 

twenty five known eukaryotic selenoproteins which are organised into groups based on 

their location and functional properties of selenium.  Selenoprotein P, type I 

iodothyronine 5´-deiodinase, GSH-Px and thioredoxin reductase have been characterized 
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in animals and humans. According to literature, half of the characterized selenoproteins 

have been associated with antioxidant functions (Battin et al., 2009 and Tapiero et al., 

2003). They also play a vital role in the immune system because they protect the host 

from oxidative stress.  

 

During the metabolism of xenobiotics and exposure to ultraviolet radiation, oxidative 

species can be generated (McKenzie et al., 1998).  ROS generation and the antioxidant 

defence activity appear more or less balanced in vivo. For continuous low-level oxidative 

damage in the human body, the balance may be slightly tipped in favour of the ROS. This 

generates a need for repair systems that can adequately deal with oxidatively damaged 

molecules. However, the result of a greater imbalance in favour of the ROS is oxidative 

stress ( Halliwell and Cross., 1994). A lot of research has been done on the antioxidant 

activities of Se and many researchers have proven that Se is a potent antioxidant, 

however Se showed essentially no antioxidant activity in this study. A small antioxidant 

effect was observed using the DCFH-DA assay, but only at the lowest concentrations of 

Se (0.096 µg/ml and 0.191 µg/ml) and these effects were not found to be statistically 

significant. The DCFH-DA kinetic assay shows the antioxidant activity of compounds 

over a period of time, in this case 2.5 hours. According to the results obtained in this 

study Se does not show significant protection against ROS generated by AAPH at any 

measured time point although the effect did appear to be maximal at the final 2.5 hour 

time point.  

 

With the ORAC assay Se showed activity which was equivalent to that of Trolox. 

According to Valdiglesias et al (2010) the optimal concentrations and the appropriate 

form of Se supplementation that provides protection against ROS and genetic damage 

with the least toxicity continues to be debated in spite of the many reported antioxidant 

properties and its known necessity in human and animal nutrition.  The concentration of 

Se used in this study was very low, perhaps even too low to have an effect on the redox 

status of the cells.  A similar study done by Cuello et al (2007) where HepG2 cells were 

exposed to 0.01 µM – 10 µM of Se for 2 hr and 20 hr showed no toxicity and Se seemed 

to reduce the progressive formation and accumulation of oxygen radicals. The highest 
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concentration of Se used in this study was 1.9x10-5 µM which is approximately 500 times 

less than the Cuello et al study concentration used. This could be one of the reasons why 

Se did not demonstrate suppression of the generation of ROS. 

 

The combination of Ph with Se exhibited a pro-oxidant effect in a dose dependent 

manner, as the concentration of the Phse increased the ROS generation increased. This 

might be due to the fact that humic acids are known to induce oxidative injury mediated 

by superoxide anion production and apoptosis induction. Experiments would need to be 

conducted to investigate this result, but it can be assumed that aromatic rings of humic 

acid lack sufficient phenolic groups to give antioxidant properties or because these rings 

are not in favourable positions or are blocked, e.g. by methyl groups (Vašková et al., 

2011). 

 

Considering this fact and the low concentration of Se used in combination with Ph in this 

study, it is possible that the Se could not protect the cells against the ROS generated by 

the much higher concentrations of Ph. 

 

In this study Ph significantly inhibited the expression of CR3 by activated neutrophils in 

a dose-related manner, from a concentration of 25μg/ml and higher. The results of this 

study correlate with the results observed by Jooné and Jansen van Rensburg (2004), 

Cromarty (2004) and Jansen van Rensburg and Naudé (2009). CR3 inhibition might 

explain some of the anti-inflammatory properties referred to in the literature. 

Overexpression of CR3 by phagocytic cells has been implicated in tissue injury and can 

lead to inappropriate immune responses, because of the link to the production of many 

pro-inflammatory cytokines, reactive oxygen species and nitrogen intermediates as well 

as proteolytic enzymes. 

 

In a study by Jaeschke et al (1993) anti-CR3 antibodies were shown to decrease 

ischemia/reperfusion injury, suggesting that these antibodies can be effective in the 

treatment of endotoxic challenges and haemorrhagic shock (Jaeschke et al., 1991). 

Another study showed that neutrophil infiltration into the inflamed intestine of 
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indomethacin-treated rats was to some extent blocked by anti-CD11b antibody treatment 

and completely blocked by anti-CD18 treatment (Stadnyk et al., 2002). A study done by 

Palmen et al (1995) showed that anti-CD11b/CD18 mAbs reduced the number of 

infiltrating granulocytes and macrophages into the colon in rats with 2,4,6-trinitrobenzene 

sulfonic acid induced colitis, and also observed a reduction in MPO activity and tissue 

injury. 

 

The results observed in this study confirmed results from previous studies that indicate 

that Ph not only inhibits the expression of CR3 in stimulated neutrophils, but it is also 

non-toxic to the cells. Also, other researchers reported that Ph inhibited the adhesion of 

stimulated neutrophils to cells expressing ICAM-1, the ligand of CR3 (Jooné and Jansen 

van Rensburg., 2004). 

 

Pharmacological agents such as antioxidants have been assumed to inhibit the cytokine-

induced expression of ICAM-1, mainly by blocking activation of the NFҡB (Horváthová 

et al., 1999). The initial stage of neutrophil diapedesis is the binding of CR3 to 

fibrinogen, ICAM-1 or E-selectin, the latter two being present on the surface of activated 

endothelial cells of the vascular system, (Kishimoto and Baldwin., 1999, Rasool., 2008).  

In this study Se significantly reduced the expression of CR3 on PMA stimulated 

neutrophils from a concentration of 0.77 μg/ml Se and higher, and in a study done by 

Horváthová et al (1999) where HUVECs were incubated with or without PBMCs isolated 

from EDTA-blood of asthmatics to assess the expression of adhesion molecules. The 

HUVECs were treated with either the medium alone or medium containing recombinant 

human gamma interferon together with various concentrations of Se (0, 0.02, 0.2 and 10 

μg/ml). The ability of Se to inhibit the expression of adhesion molecules was analysed 

using flow cytometry, and it was found that Se did show an inhibitory effect on the 

expression of ICAM-1, P-selectin and ELAM-1 from 0.1 µg/ml to 10 µg/ml with the IC50 

of 0.5 μg/ml for ICAM-1.  

 

Another study done by Jehovah et al (2002) where 20 corticoid-dependent asthmatics 

were enrolled into a study, they received Se supplementation of 200 μg daily for 6 
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months, blood was collected before supplementation and after 3 and 6 months of Se 

supplementation. PBMCs were isolated from the blood and stimulated with INF-γ and 

probed with monoclonal antibodies conjugated with fluorescein or Phycoerythrin directed 

against antigens CD11a, CD11b, CD18, CD49d, CD62L. ELISA was used to assess the 

expression of ICAM-1, VCAM-1, P-selectin and E-selectin. Se was shown to decrease 

the expression of CD11b and there was a significant decrease in VCAM-1 and P-selectin 

after 3 months of Se supplementation. 

 

When used in combination, potassium humate and selenium had the same effect as when 

Ph was used alone. Potentially this was because of the low concentration of Se which 

rendered it ineffective in the presence of high concentrations of Ph, hence the dose 

related response with no statistical significance.  

 

Initiation of an acute inflammatory response is associated with several relatively fast 

vascular changes (Salvemini et al., 1996). The carrageenan-induced paw oedema is a 

useful model to evaluate the initial phases of the inflammatory response including the 

mediators involved in these changes. The development of oedema in the rat paw resulting 

from a challenge with carrageenan has been defined as a biphasic episode. During the 

very early phase of oedema (0 - 1 hr), non-steroidal anti-inflammatory drugs like aspirin 

and indomethacin would have no effect due to the involvement of short term mediators 

like histamine, 5-hydroxytryptamine (5-HT) and bradykinin. The late phase is the 

accelerating phase of swelling (1- 6 hr), and this phase is associated with increased 

production of prostaglandins and has been attributed to the initiation of inducible cyclo-

oxygenase (COX2) in the paw tissue exposed to the initial oedema and cellular 

infiltration. The infiltration and activation of local neutrophils leads to the production and 

release of ROS which also contributes to the inflammatory response (Salvemini et al., 

1996). 

 

A study done by Naudé et al ( 2010) used female Sprague-Dawley rats that were dosed 

with 60 mg/kg bodyweight humic acid once daily by oral gavage for five consecutive 

days and where 10 mg/kg body weigh indomethacin was used as a single dose positive 
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control. Ph and indomethacin significantly reduced the carrageenan-induced 

inflammation over a period of 300 min. Another study done by van Rensburg et al (2007) 

showed that a brown coal derived humate was safe up to 1000 mg/kg bodyweight per day 

when administered by oral gavage for 12 days That study also showed that Ph had no 

teratogenic effect as no adverse effects on newborn pups was observed when 

administered to pregnant female rats.  

 

The results of this current study concur with the results of the above mentioned studies in 

that, no rats showed any signs of adverse effects (loss of weight, loss of appetite, loss of 

fur, decreased activeness) during the course of the study. Similar to the study done by 

Naudé et al (2010), Ph decreased the carrageenan-induced oedema significantly from 

hour two to seven even though the effect was not equivalent to the positive control where 

indomethacin was administered once off.  

Indomethacin is a non-selective inhibitor of COX1 and COX2 enzymes that participate in 

prostaglandins synthesis from arachidonic acid. When activated these enzymes lead to the 

production of prostaglandins, prostacyclins and thromboxanes which are mediators for 

inflammation (Seibert et al., 1994). The results of this study show that Ph reduces the 

carrageenan-induced rat paw oedema to a similar extent to that of a once off dose of 

indomethacin. This might be due to the fact that Ph like indomethacin inhibits COX 1 and 

2, or that Ph inhibits both the alternative and classical complement pathways in addition 

to inhibiting the production of TNF-α, IL-1β and IL-6 by PHA stimulated MNL (van 

Rensburg and Naudé., 2009). It has also been shown that humic acids significantly 

decrease lipopolysaccharide-induced adhesion molecules like ICAM-1,VCAM-1 and E-

selectin expressed by cultured human umbilical vein endothelial cells which might be a 

possible  mechanism of action by which Ph inhibits initial inflammatory reactions (Naudé 

et al., 2010).  

 

Se is a nutritionally crucial trace element essential for the creation of redox-active 

selenoenzymes such as glutathione peroxidase (GSH-Px) and thioredoxin reductase. The 

need for Se as an antioxidant is increased by inflammation. It is assumed that by blocking 

the activation of NF-кB, antioxidants can inhibit the expression of cellular adhesion 
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molecules ( Horváthová et al., 1999). The results of this study correlates with the results 

found by Parnham et al (1987) where it was observed that in vivo ebselen (a seleno-

organic compound with glutathione peroxidase-like activity in vitro) is a weak, oral 

inhibitor of carrageenan paw oedema in the rat, distinguishing it from classical NSAID’s 

such as indomethacin. Leyck and Parnham (1990) went further and found out that in vivo 

ebselen is an acute anti-inflammatory compound with a non-NSAID profile. The weak 

inhibitory effect on carrageenan-induced rat paw oedema mirrors the weak inhibition of 

PGE2 production in vitro and the carrageenan-induced model is PGE2-dependent to a 

substantial extent (Rovenský et al., 2005). The fact that ebselen is inactive against 

carrageenan- induced pleuritis in rats while other NSAIDs are effective inhibitors of 

exudation and leucocyte recruitment supports the observations made in this study. 

Supplementation with Se increases the concentration of Se in the serum and erythrocytes 

but only weakly increases its concentration in polymorphonuclear leucocytes and this 

might be the reason for its inadequate anti-inflammatory effect in arthritis (Rovenský et 

al., 2005). This could also explain the finding of this current study bearing in mind the 

low concentration of Se used in this study which might add to the lack of activity of Se. 

 

Destruction of tissue or cells elicits both a local and systemic acute phase response 

(Schreiber et al., 1989). In this study Ph, Se and Phse showed no effect on substance P 

plasma concentration but showed a statistically significant decrease in the plasma levels 

of CRP. In the rat substance P (SP) appears to be involved in regulating hyper 

inflammation and immune responses to amplify the pain signal, initiate peripheral 

vasodilatation and plasma extravasation and homing of leukocytes to the area of injury. 

SP is released centrally in the spinal cord. (Mantyh., 1991) and preferably binds to the 

neurokinin 1(NK-1) receptors. NK-1 receptor is the endogenous receptor for SP (Gerard 

et al., 1991, Maggi and Schwartz., 1997) and is a member of the tachykinin receptor sub-

family of GPCRs (Maggi., 1995). The binding of SP to NK-1 receptors results in the 

transmission of pain and stress signals, the contraction of smooth muscles and promotion 

of inflammation (Seto et al., 2004). The general characteristic of NK-1 activation is 

neurogenic inflammation which results in plasma leakage which is accompanied by 

increased blood flow, associated with dilation of the arterioles and manifesting as typical 
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wheal and flare reactions (Harrison and Geppeti., 2001). In another study where SP was 

injected in the rat paw at a concentration of up to 500 pmol (an amount that was two folds 

greater than that measured in the plasma of the rats treated with 50 µg of carrageenan); 

SP only produced moderate oedema (Gilligan et al., 1994). This lead the investigators to 

suggest that SP itself is not a powerful inflammatory agent, but in conjunction with 

mediator expressing cells attracted by an irritant, such as carrageenan, this neuropeptide 

may encourage the release of various inflammatory mediators which in turn will amplify 

the inflammatory response (Gilligan et al.,1994). The primary action of SP may be to 

promote and orchestrate the inflammatory and immune responses in the afflicted tissue, 

because for tissue restoration to occur, there has to be an appropriate inflammatory and 

immune response (Mantyh., 1991). 

 

 During inflammation, CRP is produced by hepatocytes in response to IL-1, IL-6 or 

TNFα and serum levels of CRP are positively linked with the serum levels of IL-6 

(Gabay and Kushner., 1999, Kabutomori and Kamakura., 2002). CRP activates the 

complement system and enhances phagocytosis, mainly through the C3 convertase. The 

activation of complement cascade results in opson activity and release of anaphylatoxins 

(Cermak et al., 1993, Blackburn., 1994). In monocytes CRP also induces the expression 

of inflammatory cytokines and tissue factors (Ceciliani et al., 2002).  

 

The results of this study show that Ph, Se and the combination caused a statistically 

significant decrease in the plasma levels of CRP. Amongst biomarkers of the acute-phase 

response in almost all diseases, increased circulating concentrations of CRP reflects 

ongoing inflammation and/or tissue damage most accurately (Pepys and Hirschfield., 

2003). Very few drugs and no other current therapies reduce CRP values, unless they also 

affect the underlying pathology responsible for the acute-phase stimulus. Thus CRP is a 

very useful nonspecific, biomarker of the extent of inflammation which contributes to 

monitoring the response of inflammation and infection to treatment and detection of co-

infection in immuno-compromised individuals (Pepys and Hirschfield., 2003).  In the 

study by Jansen van Rensburg and Naudé (2009), Ph was shown to decrease the 

production of pro-inflammatory mediators like TNFα, IL-1β and IL-6 by PHA stimulated 
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MNL. It is possible that CRP reduction in the rat plasma CRP observed in this study was 

also due to TNFα, IL-1 and IL-6 reduction resulting from Ph and Phse treatment. Se on 

its own caused a more significant decrease in rat plasma CRP, which correlates to the 

results of Zhang et al (2002) where it was demonstrated that selenite significantly 

inhibited TNFα-induced expression of adhesion molecules and with the study by 

Hassanzadeh et al (2006), where it was demonstrated that patients suffering from acute 

myocardial infarction presented with lower plasma concentration of Se and higher 

concentrations of pro-inflammatory cytokines; viz. TNFα and IL-6.  

 

In the present study it was observed that the CRP plasma concentration of the sham 

treatment group were also high which was a surprising result. Literature suggest that CRP 

is not a typical acute phase protein in the rat and under basal conditions rats have much 

higher plasma CRP concentrations in contrast to humans, about 300-500 mg/l, which is 

100 times higher than the concentrations in humans (Padilla et al., 2003). This could 

explain the high concentration of CRP in the sham treatment group. The Phse 

combination did not show an additive or synergistic effect and indomethacin did not have 

any effect on plasma levels of CRP.  

 

The aim of this study was to evaluate the efficacy, safety and possible mechanism of 

action of Phse.  This study proved that Phse is not cytotoxic when tested in vitro and 

causes stimulated lymphocytes to proliferate in a similar manner to the much studies Ph. 

The study also showed that the combination does not possess antioxidant activity; Se at 

the concentrations used in the study had no antioxidant effect. CR3 expression by 

stimulated neutrophils was significantly inhibited by all the test compounds but Ph was 

the most potent inhibitor. Ph also reduced the carrageenan induced paw oedema volumes 

in manner similar to indomethacin whereas Phse had no effect. Ph caused a slight 

decrease in plasma concentrations of SP but the decrease was not statistically significant, 

while both Se and Phse had no effect. All the test compounds decreased the concentration 

of CRP significantly with Se showing the greatest effect. Phse did show some anti-

inflammatory properties by inhibiting CR3 expression and the acute phase protein CRP. 

The results of this study suggests that it is not a potent anti-inflammatory compound and 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



64 
 

that the addition of Se to Ph at the concentrations suggested does not add any value to the 

already well documented properties of Ph. 

 

 Future research 

The effect of Ph and Phse on other acute phase proteins should be investigated. 

Phse showed pro-inflammatory activity in the carrageenan induced oedema model and 

this should also be further investigated. 

 

Criticism of the study 

• The animal study should have been designed to investigate other safety 

parameters e.g. dissecting the rats to check the effect of the test compounds on 

gross anatomy. 

• A higher concentration of Se should have been tested to determine the 

concentration at which Se starts showing its antioxidant effects 
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 Appendix 1 

6.1 Reagent protocols 

AAPH 

α,α′-Azodiisobutyramidine dihydrochloride was obtained from Sigms-Aldrich (St. Louis, 

USA) in powder form. A 300 μM solution was prepared in EMEM prior to use. 

 

λ- carrageenan 

λ-carrageenan was obtained from Sigma-Aldrich (St. Louis, USA) in powder form. A 2% 

solution was prepared by dissolving100 mg of λ-carrageenan in 5 ml of dH2O 

 

Crystal violet 

Crystal violet solution was prepared by adding 50 μl of 0.1% crystal violet to 2 ml of 

acetic acid ( both from Sigma-Aldrich, St. Louis, USA) and making them up to 100 ml 

with dH2O. 

 

DCFH-DA 

DCFH-DA was obtained from Sigma-Aldrich (St. Louis, USA) in powder form. A 2 mM 

solution was prepared by dissolving 4.9 mg DCFH-DA in 5 ml ethanol and stored at -

20°C. A 50 μM working solution was prepared by diluting 100 μl stock solution with 3.9 

ml PBS prior to use.  

 

EMEM cell culture medium 

EMEM was obtained from Sigma-Aldrich (St. Louis, USA) in powder form. A solution 

of 1.04% was prepared in autoclaved, ultra-pure, pyrogen-free, deionized water and 

adjusted to pH 7.4 using sodium hydrogen carbonate obtained from Merck Chemicals 

(Darmstadt, Germany) in powder form. The solution was filtered in vacuo thrice 

(Sartorius, 0.22 μm), then supplemented with the addition of 1% penicillin/streptomycin 

and stored at 4°C. 

 
Fluorescein 
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Fluorescein was obtained from Sigma-Aldrich (St. Louis, USA) in powder form. A stock 

solution of 75 μg/ml was prepared by dissolving 3.76 mg of fluorscein in 50 ml PBS, a 

working solution was prepared by dissolving 140 μl of stock solution in 5 ml of PBS then 

diluting to 45 ml with d H2O 

 

Indomethacin 

Indomethacin was obtained from Sigma-Aldrich (St. Louis, USA) in powder form. A 2 

mg/ml solution was prepared by dissolving 2 mg in 1 ml of dH2O. This was used to dose 

the positive control rats. 

 

MTT 

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide was obtained from Sigma-

Aldrich (St. Louis, USA) in powder form. A 5 mg/ml solution was prepared using PBS. 

The solution was filtered using a syringe filter thrice (Sartorius, sterile 0.22 μm) 

 

0.83% NH4Cl lysing buffer 

0.83% NH4Cl was prepared by adding 74 mg EDTA, 1 g NaHCO3 , 8.3 g NH4Cl (all 

from Merck Chemicals Darmstadt, Germany)  to a litre of dH2O. For sterile applications 

the solution was filter sterilised 3 times through a 0.22µm filter. 

 

PBS 

BBLTM FTA haemagglutination buffer was obtained from BD in powder form. A 0.92% 

solution was prepared in distilled water and stored at 4°C. For sterile applications the 

solution was filter sterilised 3 times through a 0.22µm filter. 

 

PHA 

Phytohaemagglutinin was obtained from Remel in powder form in sealed vials, 45 mg 

per vial. The powder of a vial was dissolved in 5 ml of sterile dH2O. Aliquots of 400 μl 

were made and frozen in -20°C. 

PMA 
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Phorbol myristate acetate was obtained from Sigma-Aldrich (St. Louis, USA) in powder 

form. A solution of 1 mg/ml was prepared in absolute ethanol and stored at -80 in 500 μl 

aliquots. Prior to use 1 μg/ml working solution was prepared by diluting 1.5 μl stock 

solution in 1.5 ml RPMI-1640 . 

 

RPMI-1640 

RPMI-1640 was obtained from Sigma-Aldrich (St. Louis, USA) in powder form. A 

solution of 1.04% was prepared in autoclaved, ultra-pure, pyrogen-free, deionied water 

and adjusted to pH 7.4 using sodium hydrogen carbonate (Merck Chemicals Darmstadt, 

Germany) in powder form. The solution was filtered in vacuo thrice (Sartorius, 0.22 μm), 

supplemented with 1% penicillin/streptomycin and stored at 4°C. RPMI+ was prepared 

by adding 50 ml of heat inactivate foetal calf serum to 450 ml of RPMI 

 

Trolox: ((+)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid) 

Trolox was obtained from Sigma-Aldrich (St. Louis, USA) in powder form. A 1 mM 

solution was prepared by dissolving 2.5 mg Trolox in 10 ml PBS prior to use. Sonication 

was used to assist in dissolution. 
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