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Abstract 

 

Sickle cell anaemia (SCA) is a genetically inherited red blood cell disorder, affecting populations 

worldwide. SCA patients suffer from vaso-occlusive crises, whereby erythrocytes sickle and 

adhere to blood vessel endothelium, culminating in painful symptoms. Tiger nut (Cyperus 

esculentus) oil and black seed (Nigella sativa) oil are plant-based products that could potentially 

reduce SCA crises, through their antioxidant properties. As part of this thesis, a questionnaire 

was constructed to be completed anonymously by SCA participants at the University of Nigeria. 

The questionnaire focused on the attitudes of the participants towards the use of natural and 

prescribed SCA treatments. The investigative focus of this research was on the potential in vitro 

reversal, and increased antioxidant capacity, of sickle cell erythrocytes following treatment with 

these oils. The anti-sickling efficacy of the oils was deduced through morphological observations, 

as well as investigating the in vitro effect on sickle haemoglobin (HbS) polymerisation and 

osmotic fragility. Also, reactive oxygen species (ROS) and antioxidant presence were monitored 

using a fluorometric intracellular ROS assay and spectrophotometric TEAC antioxidant assay. 

Corroboration of the antioxidant strength of the oils was undertaken using a DPPH radical 

scavenging protocol, along with a Folin-Ciocalteau phenol assay. Additionally, an initial study 

into the anti-adhesive capability of the oil treatments was completed, focusing on CD36-FITC 

and CD239-FITC antibodies as adhesion markers, with the use of flow cytometric analysis. The 

questionnaire revealed that most participants were consuming natural treatments, alongside 

prescribed drugs, as part of their sickle cell routine. In vitro results found that the oil treatments 

resulted in an increase in the antioxidant presence of sickle cell samples, as well as a 

morphological decrease of sickle cells, including following sodium metabisulphite induction of 

HbS polymerisation. Promising results were also identified regarding a reduction of adhesion 

markers in treated SCA reticulocyte samples. In vivo testing would be the next point of focus for 

these novel, natural supplements; therefore, a clinical trial for the oral consumption of tiger nut 

oil and black seed oil by SCA participants was designed and feedback from an ethical committee 

was reviewed. Overall, the outlook is promising for the global use of tiger nut oil and black seed 

oil as dietary antioxidant supplements to aid the management of SCA. 
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Chapter one: Introduction to sickle cell anaemia and herbal 

medicine 

1.1 Background 

Sickle cell anaemia is a common yet underacknowledged genetic disorder. In regions of Africa, 

prevalence of sickle cell anaemia (SCA) is as high as 30% of the population; the disorder is also 

found, to a lesser frequency, in parts of Asia, Mediterranean Europe and the USA. Whilst SCA is 

not an X-linked chromosomal disorder, epidemiology studies show that people of Black African 

and Caribbean descent are mainly affected. In the USA, it is estimated that 8% of African-

Americans possess the sickle haemoglobin gene (HbS), with the genetically inherited recessive 

disorder (HbSS) present in 1 in 625 live births and carriers of a single copy of the sickle cell gene 

(sickle cell trait, HbAS) occurring in 1 in 13 live births (Centers for Disease Control and Prevention 

(US) 2016) (National Center for Biotechnology Information (US) 1998). In the UK, it has been 

estimated that 1 in 2000 live births screen positive for SCA. The reason for the predominance of 

SCA amongst African ethnicities is believed to be due to the spread of malaria. Both SCA and 

malaria have potentially fatal consequences, but in malaria-endemic countries it was established 

that populations with the sickle cell trait were showing partial resistance to malaria (Archer et 

al. 2018). This protection allowed carriers of the sickle gene to reach reproductive age, as 

opposed to non-sickle carriers or carriers of the homozygous HbSS gene, who were most likely 

to die as infants due to malarial infection (Elguero et al. 2015). Therefore, the HbS gene has 

persisted through generations of populations currently living in, or who descend from, hot and 

humid equatorial regions affected by malaria, known as the malaria belt. Despite the concerning 

statistics, SCA does not receive a proportionate amount of public awareness, in terms of media 

presence and general knowledge of the disorder, even though this is a disorder that can affect 

any race, gender or nationality. The requirement for greater research into the treatment of SCA 

is therefore imminent.  

1.2 SCA genetics and symptoms 

The main symptom experienced by sickle cell sufferers is known as a vaso-occlusive crisis, 

whereby polymerisation of HbS within erythrocytes causes a morphological change in 

erythrocyte appearance. This results in a transformation from a spherical, biconcave, discoid red 

blood cell (RBC) into a stiff, adhesive, sickle-shaped RBC (Chirico and Pialoux, 2012) (Telen 2016). 

This is experienced as painful episodes throughout the body due to the sickle cells adhering to 
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and damaging blood vessel endothelium and disrupting normal bloodflow (Chirico and Pialoux, 

2012). Another characteristic of sickle erythrocytes is an increase in haemolysis, which 

ultimately significantly reduces the lifespan of circulating RBCs from 90-120 days to 10-20 days 

(Chirico and Pialoux, 2012). Haemolysis results in the release of haemoglobin and iron from the 

lysed erythrocytes, into cellular plasma (Chirico and Pialoux, 2012). This contributes to the 

anaemic state of the patient. Alongside this, several acute multiorgan complications can arise 

from SCA, including the development of acute chest syndrome (ACS) and increased susceptibility 

to strokes and infections (Chekroun et al. 2019). Haemoglobin crystallisation in erythrocytes 

occurs in a deoxygenated environment; however, sickle cell morphology is reversible upon 

reoxygenation, for a finite period (Chirico and Pialoux, 2012). The cause behind HbS presence, 

instead of normal, non-sickle haemoglobin (HbA) is a point mutation (base-pair change: A → T) 

in the β-globin chain of haemoglobin, which leads to an amino acid replacement of glutamic acid 

by valine at codon 6 (Chirico and Pialoux, 2012). Sickle cell trait is a form of heterozygous 

inheritance of SCA, whereby a person has inherited the abnormal HbS gene and the normal HbA 

gene. It is a significantly milder form of sickle cell anaemia and is generally asymptomatic. The 

prognosis for people living with SCA can vary based on the frequency and severity of symptoms. 

There are factors known to trigger the onset of acute vaso-occlusive crises, such as excessive 

exercise, stress, extreme climates and dehydration, most of which can be seen to be linked, 

particularly due to increased oxygen consumption (Ahmed and Ibrahim 2017). This therefore 

means that people with SCA must be more cautious and limit themselves, regarding these 

contributory factors. With regular hospital admissions, debilitating pain and reduced life 

expectancy from 80.3 years to 67 years in the UK (Gardner et al. 2016), it is evident that this is a 

disorder that demands continuing focused research to improve quality and quantity of life.  

1.3 Current therapies 

1.3.1 HbF-induction therapy 

The most significant drug treatment approved for SCA in recent times is hydroxyurea (HU). 

Despite initially being commonly used as an anti-cancer drug, the US FDA approved it for use in 

sickle cell adults in 1998 (Ault 1998), followed by approval for use in paediatric patients in 2017 

(U.S. FDA 2017). In the UK, hydroxyurea therapy has become more popular due to the 

publication of safety and efficacy evidence in the UK Standards and Guidance for Clinical Care in 

2010 (Phillips et al. 2018). HU is an established and frequently prescribed anti-sickling treatment 

due to its ability to stimulate foetal haemoglobin (HbF) production and increase total 
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haemoglobin level. HbF has a greater affinity for oxygen than adult haemoglobin, due to the 

requirement of a foetus to attract oxygen from the maternal haemoglobin across the placenta 

(Kaufman and Lappin 2018). As a result of this, HbF is less susceptible to deoxygenation 

compared to HbS, and consequently prevents the polymerisation and sickling of HbS 

erythrocytes and resultant crises (Fathallah and Atweh 2006). The action of HU increasing HbF 

presence can be seen to mimic that of a benign condition known as hereditary persistence of 

foetal haemoglobin (HPFH). People with HPFH have naturally occurring high levels of HbF, 

ranging from approximately 1%-30% of total haemoglobin. HPFH can be co-inherited with SCA, 

as it results in decreased severity of the disorder due to the reduction of hypoxic episodes and 

therefore polymerisation of HbS (Thein and Menzel 2009). For this reason, it is an advantageous 

mutation for this population. Regarding side effects of HU, these are often mild and infrequent, 

but cases have been reported of patients experiencing undesirable effects such as neutropenia, 

gastrointestinal symptoms and skin hyperpigmentation (Agrawal et al. 2014).  

1.3.2 Anti-adhesive therapy 

Induction of HbF is one of many factors targeted in anti-sickling treatments. Anti-adhesive 

therapy, focusing on both erythrocyte and leukocyte adhesion, is another area of interest due 

to the involvement of cell-cell and cell-endothelium adhesion in vaso-occlusive crises. 

Erythrocyte adhesion receptors, including ICAM-4, BCAM-Lu and CD36, have been under 

investigation to determine the effects of modified receptor expression on cell adhesion 

(Maciaszek et al. 2012); the β2-adrenergic signalling pathway has specifically been targeted due 

to the resultant activation of the aforementioned adhesion receptors (Telen 2016). It is thought 

that reduced expression and activation of the adhesion molecules will ameliorate vascular 

occlusion within SCA. To achieve this, beta blockers have been suggested as potential anti-

adhesive drugs. Propanolol, a non-selective beta blocker showing antagonistic properties for β1 

and β2 receptors, has been shown to indirectly reduce the stimulation of sickle erythrocyte 

adhesion, by reducing epinephrine-mediated sympathetic activity (Telen 2016). However, there 

is concern that beta blockers such as propranolol would not be suitable in SCA, as many 

researchers believe that these cardioselective agents carry a risk of asthma exacerbations 

(Verhamme et al. 2016). Whilst this contraindication is currently being questioned and studied 

in more detail, the high rate of asthma prevalence in SCA populations means that safety 

concerns for using propranolol within sickle cell drug therapy are maintained (Telen 2016).  
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1.3.3 Anti-inflammatory therapy 

An inflammatory response is a large part of a vaso-occlusive crisis, exposed by the release of a 

vast range of proinflammatory cytokines. Anti-inflammatory therapy is therefore being 

investigated to determine whether agents targeted to reduce cytokine production could 

alleviate the pathophysiology of SCA. Sickle cell studies focusing on invariant NKT (iNKT) cells 

have been undertaken, due to the role of iNKT cells in the progression of an inflammatory 

response. The goal of the studies was to increase the activation of adenosine A2A receptor 

(A2AR), which in turn would downregulate iNKT cell activation and cytokine release (Telen 

2016). This action was demonstrated in a sickle mouse model and so it was suggested that A2A 

agonists could have a promising future within sickle cell treatments (Wallace and Linden 2010). 

However, this may not be feasible as it has since been recognised that adenosine could enhance 

oxygen  release and therefore actually encourage HbS sickling, as a result of haemoglobin 

deoxygenation (Telen 2016). Similarly, nonsteroidal anti-inflammatory drugs (NSAIDs) are a 

regularly prescribed form of anti-inflammatory pain relief, as their ability to inhibit  

cyclooxygenase (COX) enzymes would lead to downstream suppression of prostaglandins (Han 

et al. 2017), potent mediators of the inflammatory process. Whilst the anti-inflammatory and 

analgesic effects of NSAIDs are powerful, the side effects are notable. Amongst these, the risk 

of kidney function impairment following NSAID use is significant as sickle cell sufferers are 

already more susceptible to renal injury, due to erythrocyte sickling in the renal medulla (Nath 

and Hebbel 2015). Consequently, NSAID prescription should be evaluated for patients based on 

their personal health risk factors and should be limited to the lowest effective dosage.   

1.3.4 Blood transfusions 

Hospital-based blood transfusions are a common and successful aspect of managing sickle cell 

anaemia, with the aim being to increase the delivery of oxygen to tissues and prevent the onset 

of a deoxygenated state (Marouf 2011). This occurs as a result of increased HbA presence, 

contrasting decreasing HbS levels, thereby enabling a greater oxygen carrying capacity of 

erythrocytes (Howard 2013). RBC transfusions are particularly beneficial for sickle cell patients 

at higher risk of developing ACS, stroke or during pregnancy (Master, Ong, and Mansour 2016). 

However, blood transfusions also carry disadvantages as there is the potential of patients 

experiencing iron overload and alloimmunisation as a result of chronic transfusions (Master, 

Ong, and Mansour 2016). Whilst recently the risk has been reduced due to tailored transfusions, 

this process must still be used with caution to avoid additional complications to sickle cell 

patients. Alongside this, transfusions are extremely costly to the healthcare system and also 
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require significant time commitment from patients, to attend regular transfusion sessions 

(Hsieh, Fitzhugh, and Tisdale 2011).   

1.3.5 Analgesic treatment 

The most evident and impactful symptom of SCA could arguably be the chronic vaso-occlusive 

pain experienced by all sufferers. The use of analgesics is a routine form of pain relief, including 

opioids such as injectable morphine (Okpala and Tawil 2002). Morphine is a naturally occurring 

compound and can transfer pain relief via its role as an agonist to specific G-protein-coupled 

receptors (GPCRs) called MOP receptors in the central and peripheral nervous system (Pathan 

and Williams 2012). This is received as less intense pain signals to the brain and allows a degree 

of comfort for sickle cell patients during a crisis. Despite this, the use of opioids over a sustained 

period of time has limitations, such as leading to tolerance, addiction, constipation, vomiting 

and central nervous system depression; therefore, patients must be monitored closely, as well 

as undergo strict dosage control (Boyd, Gossell-Williams, and Lee 2014).  

1.3.6 Haematopoietic stem cell transplant 

Whilst current treatments can be effective at minimising the symptoms of SCA, the underlying 

pathophysiology remains. A form of treatment continuously being developed is hematopoietic 

stem cell transplantation (HSCT), with the aim being to cure this genetic disorder. HSCT works 

using both chemotherapy and stem cell transplantation. Prior to the stem cell graft, a high 

dosage of chemotherapy drug such as busulfan (Hsieh, Fitzhugh, and Tisdale 2011), with or 

without total body irradiation (Gyurkocza and Sandmaier 2014), are used to destroy the 

recipient’s immune system to improve the chances of stable engraftment of donor cells; this 

process is known as a myeloablative conditioning regimen and is believed to be most effective 

in children with SCA (Hsieh, Fitzhugh, and Tisdale 2011). Alternatively, a non-myeloablative 

conditioning regimen can be used whereby a lower dose of chemotherapy agent, such as 

fludarabine (Gyurkocza and Sandmaier 2014), is administered to suppress the recipient immune 

system but still aims to prevent the rejection of donor stem cells (Atilla, Ataca Atilla, and Demirer 

2017). The successful cases of HSCT in SCA patients has been revolutionary and the long-term 

effect on patient’s disease progression is thought to be highly positive. Cases have shown a 

reduction or complete absence of SCA-associated issues, including strokes and ACS (Kassim and 

Sharma 2017), meaning that patients can feel protected and can progress with an improved 

quality of life, void of vaso-occlusive complications. 
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This is currently the only process that has evidenced curative results for sickle cell anaemia and 

primarily relies on stem cells taken from the bone marrow of human leukocyte antigen (HLA)-

matched sibling donors (Kassim and Sharma 2017). The need for HLA-identical donors is often 

hugely limiting for many people with SCA and there is only a small chance that an unrelated 

donor will be a HLA match (Kassim and Sharma 2017). Even though many complications of SCA 

are resolved following HSCT, such as improved organ function and vaso-occlusive crises, it 

appears that HSCT effectiveness is inversely correlated to the age of the recipient. The overall 

survival of patients <16 years old is approximately 95%, compared to 81% for patients ≥16 years 

old (Kassim and Sharma 2017). Again, this shows a limitation of the therapy as risk to patient 

outcome is greater with increasing age and SCA progression.  

The evolution of stem cell transplants has meant that more young people suffering with SCA 

have the potential to undergo curative therapy and drastically improve their quality of life, but 

risks and limitations are still present, and this form of treatment is widely inaccessible to the 

majority of the global SCA community due to issues such as inferior medical facilities and low-

income factors. At the same time as progression of allogeneic haematopoietic stem cell 

transplantation, the utilisation of alternative treatments should also be explored to allow for a 

broad spectrum of therapies available to a wider sickle cell population.  

1.3.7 Hydration 

Lastly, one of the most simple yet effective forms of crisis control is maintaining a state of 

hydration. Cell dehydration is linked to increased Hb content of sickle erythrocytes as potassium, 

chloride and water are eliminated (Brugnara 1995); HbS polymerisation is also dependent on 

cellular HbS concentration and consequently, increased erythrocyte sickling will occur (Brugnara 

2018). Therefore, constant fluid intake to avoid dehydration is strongly advised for all patients, 

alongside all treatment pathways. A multi targeted approach to improve overall symptomatic 

state of SCA patients appears to be the most promising route forward in sickle cell management.  

1.4 Herbal medicine 

The use of natural resources, such as plants and minerals, is a rapidly developing area for a 

variety of medical conditions. Whilst often being viewed as standalone treatments, many plant-

based products are also seen as suitable adjunct therapies, to maximise the effectiveness of the 

primary treatment. Specific natural compounds can be exploited to provide effective, cheap and 

safe treatments; whilst these three factors can be viewed as highly important for all patients, 

they are even more significant in regions where pharmaceuticals are inaccessible or expensive, 
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such as African nations. This is applicable to sickle cell anaemia as there is a higher risk factor of 

inheriting this haemoglobin disorder for African populations.  

1.4.1 Public interest 

The most recent study by the U.S. National Centre for Complementary and Integrative Health 

(NCCIH) found that natural products (excluding vitamins and minerals) were the most commonly 

used form of complementary medicine, with over 59 million Americans spending approximately 

$30.2 billion a year on alternative medicine, outside of insurance coverage (NCCIH 2015). In the 

UK, a study found that approximately 22 million visits were made annually to herbal 

practitioners and an annual average expenditure of £450 million was estimated, outside of the 

NHS (Thomas, Nicholl, and Coleman 2001). Globally, it has been estimated that 80% of the 

population relies on natural medicine as part of their healthcare routine (Ekor 2014). This shows 

the scope of interest in a leading developed country and on a worldwide scale towards dietary 

supplements, either for overall wellness or for treating a specific health condition. Also, in the 

study it was calculated that over 65% of the population questioned claimed to feel an 

improvement in health due to the use of natural products (Thomas, Nicholl, and Coleman 2001). 

This has likely to have contributed towards the recent increase in public interest and acceptance 

of herbal medicines and therefore, standardised research and adequate knowledge of these 

natural compounds has become even more vital. Other factors contributing to the surge in 

public demand for herbal medicines are the high costs associated with pharmaceutical drugs, 

the risk of side effects common to most conventional treatments, a lack of efficacy from 

conventional therapies and the ease of access to herbal medicines, due to their sale in drug 

stores, health shops and often supermarkets (Bandaranayake 2006). As interest grows and more 

plants are acknowledged for their potential medicinal benefits, scientific research must also 

advance to ensure adequate understanding and use of the treatments.  

1.4.2 Traditional use of plant-based remedies 

In developing areas such as Africa, the use of natural plant-based medicine is often due to 

longstanding cultural beliefs and a traditional healthcare system that has been maintained for 

generations of communities (Mahomoodally 2013). These practices will have been passed down 

in families and are an important aspect of maintaining ancestral respect. The natural treatments 

are used for a wide range of ailments, including stimulation of the digestive system, pain relief, 

mood enhancement, reduction of swelling, coughs, colds and numerous other issues 

(Mahomoodally 2013). For example, Aspalathus linearis (Rooibos) is a South African species 
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commonly used to make tea, but is also thought to soothe stomach cramps and nausea 

(Mahomoodally 2013). Likewise, Momordica charantia (bitter melon) is used throughout Africa 

due to its historic use to treat diabetes, as it is believed to act as a hypoglycaemic agent 

(Mahomoodally 2013). Another interesting medicinal herb is Piper guineense (West African 

black pepper) which has commonly been used for the treatment of fungal infections, especially 

in Nigeria (Mgbeahuruike et al. 2019). Other natural plants have been suggested as potential 

anti-sickling treatments. For example, aloe vera leaves were found to successfully inhibit sickle 

polymerisation, believed to be due to aloe vera’s ability to improve the ratio of Fe2+:Fe3+ within 

HbS (Dash et al, 2013). Aloe vera grows naturally in abundance in regions of Africa and is used 

as a multi-purpose ‘medicinal’ treatment. However, aloe vera has been widely exploited for 

commercial reasons and is primarily used in the beauty market. Economic reasons have also 

played a role in the maintenance of herbal medicine, as the use of traditional healers and local 

plants grown in abundance has provided patients and their families a source of personal 

healthcare, especially in rural regions, at a more affordable cost than that of hospital-based 

consultations and treatments. Overall, the trust, cost, accessibility and preservation of herbal 

remedies has enabled their use to continue and has added to the more recent enthusiasm of 

developed nations towards the development of these plant-based treatments.  

1.4.3 Risk of adverse effects 

Whilst natural forms of medicine are believed to carry a low risk of undesired adverse side 

effects, this can be misleading. Whilst minor, side effects such as nausea, headaches and 

gastrointestinal issues have been reported with a variety of products such as Ginkgo biloba, 

Allium sativum (garlic) and Piper methysticum (kava) (Ekor 2014). Herbal medicine can be seen 

as a form of self-medication, due to the ability to buy the products as standardised dietary 

supplements from numerous outlets without the need for a medical prescription. Self-

medication is alluring for many people as it prevents the need to spend time booking and visiting 

a member of a clinical care team and also means that health conditions can be kept private, if 

the patient desired (Ekor 2014). Whilst self-medication is advantageous for many, it also includes 

risks such as potentially dangerous drug interactions, incorrect dosage and using an inferior form 

of treatment (Ruiz 2010). These aspects further contribute to the need for more extensive 

research into the potential side effects of plant-based medicines, to ensure that consumers are 

provided with comprehensive information regarding treatment safety. Furthermore, this will 

enhance the reputation of herbal medicines and will allow them to be recognised in clinical 

settings due to the greater accuracy of treatment expectations.  
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1.4.4 Nutritional properties of plants 

In addition to the economic and health benefits of natural therapies, are the nutritional 

properties that they possess. Research into the nutrient analysis of many herbaceous plants and 

associated products shows health-promoting levels of carbohydrates, fats, protein, water, fibre, 

vitamins and minerals (Abbas et al. 2011). Herbal supplements such as Linum usitatissimum 

(flaxseed) have a low saturated fat content (Craig 1999), whilst Urtica dioica. L (stinging nettle) 

exhibits high protein, calcium and iron levels (Adhikari, Bajracharya, and Shrestha 2015). 

Similarly, it has been found that the stem of Malva sylvestris L (common mallow) has a notably 

high fibre content and so has been utilised for its laxative properties and has been incorporated 

into many high-fibre diets (Busuttil-Griffin et al. 2015). The calorific value of herbal medicines 

varies between species. This variability can be seen as advantageous as a medicinal plant such 

as Moringa oleifera (Moringa) leaves has a low calorific value (92Kcal/100g) (Gopalakrishnan, 

Doriya, and Kumar 2016) and therefore is ideal for those on a calorie-restricted diet, as is 

common in developed nations. However, plant products such as Trigonella foenum graceum 

(fenugreek seeds) possess much higher energy contents (394.46Kcal/100g) (Kochhar, Nagi, and 

Sachdeva 2006) and so are more suitable as herbal remedies in locations where malnutrition is 

an issue, such as the African continent. This exposes the versatility of plant-based supplements 

and their ability to meet nutritional needs alongside potential medicinal benefits, in both 

European and African regions.        

1.5 The potential of antioxidants as a form of sickle cell therapy 

The power of antioxidants has only recently truly been embraced. It is now quite a common 

conception that antioxidants can improve the immune system and protect against disease 

progression. The main function of antioxidants in humans is strengthening the defence 

mechanisms against the production of oxidants. Oxidants, also known as free radicals or ROS, 

are aggressive molecular species that can cause substantial cellular damage, including cell death 

(Trinidad et al. 2013). This is due to the unpaired electron present in their outer electron orbital, 

which is the leading factor for the significant reactivity of free radicals; their unstable nature 

means that electron donation or stealing from other stable molecules is an undesired tendency 

and has destructive consequences for affected molecules. There is a natural balance between 

oxidant production and antioxidant defence, which usually works to ensure that damage caused 

by free radicals is rapidly repaired (Trinidad et al. 2013). Endogenous antioxidants such as 

superoxide dismutase (SOD), catalase (CAT) and gluthathione peroxidase (GSH-Px) are first line 

defence antioxidants often responsible for this effect, due to their combined abilities to reduce 
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the harmful superoxide radical (Ighodaro and Akinloye 2018). SOD is responsible for the catalytic 

conversion of superoxide radicals into hydrogen peroxide and oxygen; toxic accumulation of 

hydrogen peroxide is prevented by CAT’s role in the conversion of hydrogen peroxide into water 

and oxygen, as well as GSH-Px enabling the reduction of hydrogen peroxide into water and lipid 

peroxides (Ighodaro and Akinloye 2018). However, at times this can become destabilised as the 

level of antioxidants can decrease and/or the generation of free radicals can increase; oxidant 

production is therefore dominant and so the existing defence system is insufficient. The result 

of this is known as oxidative stress and this process is harmful to numerous cells and organs of 

the body, including RBCs. ROS is particularly potent in sickle cell anaemia, as its generation is 

increased with each vaso-oclusive episode but also ROS increases the frequency of cell sickling; 

this therefore exacerbates the symptoms and likelihood of crises occurring (Chirico and Pialoux 

2012). This introduces the potential of external antioxidant supplement to improve the oxidant 

status of people with sickle cell.  

1.5.1 Autoxidation of haemoglobin 

ROS is most commonly released from neutrophils and macrophages; in the microcirculation, 

ROS is then taken up by erythrocytes and targeted by the cytosolic antioxidant system (Mohanty, 

Nagababu, and Rifkind 2014). However, ROS is also generated as a result of haemoglobin 

autoxidation. When haemoglobin is present in iron oxidation state (II), it is able to bind oxygen 

efficiently and is known as oxyhaemoglobin (Rifkind, Mohanty, and Nagababu 2015). 

Autoxidation is the spontaneous oxidation of the iron in oxyhaemoglobin, which converts 

haemoglobin-Fe (II) into its iron oxidation state (III), also known as methaemoglobin (Jensen 

2001). Methaemoglobin is an inactive form of haemoglobin and is unable to bind oxygen, making 

it unsuitable for the purpose of systemic oxygen transport (Tsuruga et al. 1998). In addition to 

the conversion of oxyhaemoglobin to methaemoglobin is the simultaneous generation of 

superoxide anion O2
−, an equally undesired product (Jensen 2001). Normally, the enzymatic 

antioxidant superoxide dismutase would catalyse superoxide into hydrogen peroxide (H2O2); 

subsequently, the enzymatic antioxidant catalase (CAT) would then convert H2O2 into oxygen 

(O2) and water (H2O) (Rifkind, Mohanty, and Nagababu 2015). Alternatively, there are non-

enzymatic intracellular antioxidants, such as vitamin C and gluthathione (GSH), which also 

provide a powerful defence against the pro-oxidant effects of haemoglobin autoxidation 

(Rifkind, Mohanty, and Nagababu 2015). An exception to the ability of the antioxidant defence 

system is seen when ROS is produced in or near the membrane of erythrocytes. This is because 

the antioxidant system is primarily present in the cytosol of erythrocytes and so the 
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haemoglobin that binds to erythrocyte membranes is less protected from free radical impact 

(Rifkind, Mohanty, and Nagababu 2015). This can lead to an environment of oxidative stress and 

consequent damage to the surrounding cells, such as increased membrane fragility and 

therefore, haemolysis.  

1.5.2 Partial oxidation of haemoglobin 

Furthermore, there is another factor involved which results in increased production of 

erythrocytic ROS. When red blood cells travel through the vasculature, there is a period of time 

when they are only partially oxygenated. During this partial oxygenation, autoxidation of 

haemoglobin is increased and there is also increased binding of this haemoglobin to erythrocyte 

membranes, compared to oxygenated or deoxygenated haemoglobin (Mohanty et al. 2014). As 

noted, RBC membranes are less protected by cytosolic antioxidants and therefore an 

exacerbated presence of ROS is enabled. Overall, the environment becomes prooxidative and 

proinflammatory, and significant damage to erythrocytes occurs. This damage affects the 

structural properties of cell membranes and whereas an unaffected erythrocyte would be able 

to deform and reversibly change shape to adapt to the size of the blood vessel it was flowing 

through, a ROS-burdened erythrocyte would be limited in its ability to do so (Mohanty, 

Nagababu, and Rifkind 2014). This would prevent free-flowing red blood cells through vessels 

and ultimately would delay the delivery of oxygen to organs.  

1.5.3 Mitochondrial electron transport chain 

Another primary contributor to ROS formation is by the mammalian mitochondria, leading to 

mitochondrial damage associated with many disorders (Murphy 2009). Within mitochondria, 

oxygen is reduced to form superoxide, O2
•−, via an electron donor and is then converted into 

H2O2 by mitochondrial superoxide dismutase (Liu, Fiskum, and Schubert 2002). A source of 

electron donors in the mitochondria is believed to be the electron transport chain, initiated by 

donation of an electron by nicotinamide adenine dinucleotide (NADH). Normally, electrons are 

transported via consecutive protein complexes until in the presence of O2, whereby respiration 

occurs as ATP is generated for the purpose of cellular energy (Turrens 2003). Unfortunately, it is 

possible for an electron to be prematurely released by an electron carrier and therefore can 

reduce O2 to form O2
•− (Liu, Fiskum, and Schubert 2002). Uncontrolled ‘leakage’ of electrons 

from the mitochondrial electron transport chain and the consequent production of ROS can 

negatively affect all aspects of a cell, such as proteins, lipids and DNA, as mitochondrial integrity 

is compromised (Turrens 2003).  
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1.5.4 Antioxidant examples 

Whilst the role of antioxidants can be summarised as preventing free radical generation and 

consequently reducing the level of cellular damage caused by oxidative stress, the mechanism 

of action can vary between antioxidants. There are different types of antioxidants: enzymatic 

and non-enzymatic. Whereas enzymatic antioxidants are mainly located in the cytosol, non-

enzymatic antioxidants are predominantly found in cell membranes but are thought to be less 

powerful (Nimse and Pal 2015). Enzymatic antioxidants are often large molecules, such as 

superoxide dismutase and catalase. Generally, these antioxidants work by directly attacking and 

digesting free radicals, through a multi-step process to convert ROS into safer products, thereby 

preventing their harmful release into surrounding cells (Nimse and Pal 2015). The primary 

mechanisms of action of an antioxidant are the one-electron transfer mechanism and hydrogen 

donation, both of which can act independently or in parallel (Al-Sehemi and Irfan 2017). The 

donation of a hydrogen atom or transfer of an electron to a free radical results in the formation 

of a more stable radical, able to undergo further scavenging to produce a suitable, safe end-

product. The greater the ability of an antioxidant to donate an electron or hydrogen denotes it’s 

radical scavenging potential and therefore antioxidant strength (Al-Sehemi and Irfan 2017). An 

example of this is provided above whereby superoxide dismutase, located in the cytosol, is 

responsible for the breakdown of superoxide free radicals into O2 and H2O2, due to the electron 

transfer mechanism (Maji et al. 2016). Following from this, CAT, located in peroxisomes, is 

responsible for the breakdown of H2O2 into H2O and O2 (Nimse and Pal 2015). Another enzyme 

that plays a similar role to CAT is gluthathione peroxidase (GSH-Px). This antioxidant is also able 

to convert H2O2 into 2H2O (Nimse and Pal 2015). Thus, it can be seen how vital the role of 

enzymatic antioxidants is and the necessity for their actions to work in synchrony. Non-

enzymatic antioxidants are often small molecules. They are predominantly vitamins such as 

vitamin E and vitamin C, as well as molecules such as GSH. Antioxidants are also known as free 

radical scavengers as this action consequently prevents the propagation step of the free radical 

chain reaction and so prevents increased free radical generation. Vitamin E and vitamin C act as 

lipid peroxyl radical (LOO-) scavengers by donating an electron to the radical; this produces an 

α-tocopherol radical and ascorbate radical, respectively (Nimse and Pal 2015). Lipid peroxidation 

reactions are therefore inhibited from occurring. This is significant because lipid peroxidation is 

unnaturally high in sickle cell cases, compared to non-sickle (Hundekar et al. 2010). It was 

additionally discovered that there is positive correlation between the presence of superoxide 

dismutase and malondialdehyde (MDA). MDA is a final product of lipid peroxidation and is 
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therefore a marker of its occurrence in cells (Hundekar et al. 2010). Whilst in a healthy person 

the level of lipid peroxidation activity would be low, in correspondence with the stabilised level 

of ROS, the excessive oxidative stress in a sickle cell person explains the elevation of lipid 

destruction (Mylonas and Kouretas 1999). This results in tissue and cellular damage (Mylonas 

and Kouretas 1999). The complex system of endogenous antioxidants works together to 

maintain homeostasis of the oxidant status, with the aim of maintaining health.  

1.6 Dietary antioxidants - tiger nuts and black seeds 

1.6.1 Tiger nuts 

 

 

 

 

 

 

 

 

 

Figure 1. The tuberous rhizomes of C. esculentus in their raw edible form (Allouh, Daradka, and Ghaida 2015).  

It is likely that there are numerous unknown natural products in existence that have powerful 

antioxidant properties. Two of these products are Cyperus esculentus (tiger nut) and Nigella 

sativa (black seed). Whilst abundant in their native homelands of Africa and Asia respectively, 

they are less known in developed nations. Tiger nuts are in fact tubers that grow underground 

on the sedge plant C. esculentus, belonging to the family Cyperaceae, with the potential to grow 

exponentially from each plant. They have a nutty, sweet, earthy taste and have a reputation of 

being chewy. Tiger nuts can be eaten in a variety of ways, including in their raw form, roasted 

form, powder form, oil form or as a beverage derivative. The tiger nut beverage, also known as 

‘horchata de chufa’ in Spain (Sánchez-Zapata, Fernández-López, and Angel Pérez-Alvarez 2012), 

has scored highly in sensory analyses undertaken by trained panellists, based on the 

colour/appearance, flavour/aroma, taste and mouth feel, especially in the form of a water-
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soaked tiger nut beverage (Sa’id, Abubakar, and Bello 2017). Tiger nuts are often brown in colour 

and the oil has a golden-brown appearance. They have been recognised as an edible plant for 

centuries, cultivated particularly in Southern Europe and West Africa (Nigeria) (Sa’id, Abubakar, 

and Bello 2017), due to the warm climates associated with these regions. They contain phenolic 

antioxidants, comprised of hydroxyl groups and benzene rings (Badejo, Damilare, and Ojuade 

2014). These polyphenols are known to increase antioxidative capacity due to their radical 

scavenging ability; they act as a reducing agent and thereby prevent further oxidation of other 

compounds that would most likely result in free radical production (Pandey and Rizvi, 2009). 

Therefore, they can be categorised as non-enzymatic antioxidants. It was found by Bamishaiye 

and Bamishaiye (2011) that tiger nuts also contain high levels of vitamin E, an established 

antioxidant. Whilst it is still relatively unfamiliar as a medicinal product, there have been studies 

investigating tiger nut’s efficacy as a treatment for other human diseases. Examples include 

atherosclerosis, coronary heart disease and diabetes (Sánchez-Zapata, Fernández-López, and 

Angel Pérez-Alvarez 2012). Sanchez-Zapata et al (2012) believe that this is due to the impressive 

fibre content of the tubers, as well as the high value of starch present which would benefit 

diabetics as starch is a slow-release carbohydrate. The contribution of ROS to the symptomatic 

state of sickle cell anaemia suggests that the enhanced antioxidant defence that tiger nut 

consumption could provide would benefit SCA consumers. It is possible that tiger nuts will 

additionally benefit other diseases, such as sickle cell anaemia, and its exploitation could lead to 

the development of further uses, based on their nutritional and therapeutic significance.  

1.6.2 Black seeds 
 

 

 

 

 

 

 

 

Figure 2. The flowering plant and black coloured seeds of N. sativa (Eid et al. 2017).  
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N. sativa is an annual flowering plant that can be identified as various colours, including white, 

light blue, pink and yellow; the edible seeds of the plant are contained inside the fruit capsules 

(Sultana et al. 2015). The seeds are small, black and angular in shape, with a bitter taste and lack 

of a distinctive aroma (Beheshti, Khazaei, and Hosseini 2016). Raw black seeds must be heated, 

usually roasted, prior to human consumption. They can then be consumed in seed form, powder 

form or in oil form.  The plant is commonly cultivated in West Asia and North Africa, in regions 

of quality soil and prevalent sunlight. As with tiger nuts, black seeds also contain non-enzymatic 

antioxidants believed to reduce cellular oxidative stress. Kruk et al (2009) used 

chemiluminescence intensity measurements to determine the effectiveness of black seed oil as 

a superoxide anion scavenger. It was found that there was a significant reduction of superoxide 

radicals following black seed administration. As well as appearing to be a superoxide scavenger, 

it was found by Mansour et al (2002) that black seed could be classed as a general free radical 

scavenger, as shown by riboflavin—o-dianisidine results whereby black seed inhibited the 

photo-oxidation of o-dianisidine. Like tiger nuts, black seed is known for other medicinal uses, 

such as an anti-inflammatory treatment due to its inhibition of pro-inflammatory pathways 

(Chehl et al. 2009). It is most commonly known for its use as a herbal medicine to treat digestive 

issues, such as vomiting and diarrhoea (Sultana et al. 2015), as well as the oil of black seeds being 

used as an external treatment for skin disorders (Beheshti, Khazaei, and Hosseini 2016) and as 

an antiseptic (Sultana et al. 2015). Within Arabic, Asian and African cultures, black seeds have 

been used for a significant period of time, due to believed properties such as anti-hypertensive, 

immune-modulatory, analgesic and antioxidant (Beheshti, Khazaei, and Hosseini 2016). In 

particular, antioxidant activity has been identified due to effective hydroxyl radical (•OH) 

scavenging (Burits and Bucar 2000). Alongside the proposed pharmaceutical benefits of black 

seeds, the nutritional value of the seeds also suggests a promising source of proteins, 

carbohydrates and fibre (Al-Naqeep et al. 2009). Sickle cell consumers of this herbal treatment 

would benefit from maintenance of overall health alongside improved oxidant status, to manage 

the disease.  
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Species Alternative 

Western names 

Alternative 

African names 

Taxonomy 

C. esculentus 

(tiger nut) 

Zulu nut 

 

Yellow nut grass 

 

Yellow nut sedge 

 

Ground almond 

and chufa 

 

Edible rush 

 

Rush nut 

Hausas: 

"Aya" 

 

Yorubas: 

"imumu" 

 

Igbos: 

"aki Hausa" 

 

In Southern 

Nigeria: 

"ofio" 

 

Kingdom: 

Plantae 

 

Division: 

Spermatophytina 

 

Class: 

Magnoliopsida 

 

Order: 

Poales 

 

Family: 

Cyperaceae 

 

N. sativa  

(black seed) 

Black cumin 

 

Fennel Flower 

 

Nutmeg Flower 

 

Black Caraway 

 

Roman Coriander 

 

Damascena 

 

Devil in-the-bush 

 

Wild Onion Seed 

 

“Kalonji” 

 

''Al-Habba Al-

Sauda'' 

 

“Al-Habba Al-

Barakah'' 

Kingdom: 

Plantae 

 

Division: 

Spermatophytina 

 

Class: 

Magnoliopsida 

 

Order: 

Ranunculale 

 

Family: 

Ranunculaceae 

Table 1. Alternative names and classifications of C. esculentus and N. sativa (Sa’id, Abubakar, and Bello 2017) 

(Integrated Taxonomic Information System (ITIS)) (Sultana et al. 2015) (Eid et al. 2017) (Beheshti, Khazaei, and 

Hosseini 2016). 

Most of the information about the medicinal capacities of tiger nut and black seed comes from 

anecdotal evidence, based on the use of these products in generations of families in regions 

where the plants grow naturally in abundance. However, these claims have yet to be evidenced 

(Dash et al. 2013). Therefore, the opportunity to investigate and expand our knowledge of these 
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natural antioxidants is vast and bears great potential. Patients living in the most prevalent sickle 

regions, such as Nigeria, need alternative treatments to alleviate SCA symptoms experienced 

due to ROS-induced sickling and so tiger nuts and black seed oil appear to be appropriate 

options, due to their abundance and low associated cost. This is even more noteworthy when it 

is acknowledged that approximately 90% of sickle cell prevalence is located in regions within the 

developing world (Mulumba and Wilson 2015), where access to expensive medication, 

especially on a regular basis, is often impossible. A combination of the nutritional content, 

antioxidant status, availability and current research interest into C. esculentus and N. sativa 

justifies their promotion as potential sickle cell nutraceuticals and provides reasoning for their 

focus in this study.   

1.6.3 Synergism of medicinal plants 

Synergism in herbal medicine is the belief that the integration of two or more herbal products 

is therapeutically greater than that of the individual components (Yarnell 2015). This thought 

originates from the multicomplexes of molecular compounds present in each medicinal plant 

and the vast potential for interactions between established bioactive constituents and lesser 

known constituents. In further support of this is the general use of singular molecular 

components from plants, by mainstream pharmaceutical companies, for therapeutic use; the 

effect of supporting constituents within each plant is disregarded and unexplored (Yarnell 2015). 

Synergistic interactions between multiple herbal products is a slowly surfacing topic in the 

developed world, yet is has been a utilised factor within traditional medicine in developing 

countries for a significant period of time. In traditional Chinese medicine, a prescription known 

as yin-chen-hao-tang (YCHT) has often been advised by herbal practitioners to treat hepatitis. 

The three components of YCHT are 6,7-dimethylesculetin (D), geniposide (G) and rhein (R). 

Scientific evidence has shown that in a rat model of hepatitis injury, YCHT had a slower 

elimination rate and greater therapeutic effect than any of the three compounds individually 

(Zhang et al. 2011). Antioxidant assays have also previously been carried out on a combination 

of Astragalus membranaceus (root of Astragalus, known as ‘Huangqi’ in Chinese) and 

Glycyrrhiza uralensis (root of Glycyrrhiza, known as ‘Gancao’ in Chinese), where it was found 

that a greater content of flavonoids and phenolic compounds were present, contributing to an 

enhanced antioxidant capacity, compared to the individual plants (Li et al. 2011). 

One of the greatest factors towards the growing interest in combination medicine is the need 

for enhanced clinical efficacy of drug treatments for many health conditions, such as cancer and 
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diabetes, as well as the concerning increase in drug resistance that could jeopardise the 

widespread use of ‘gold standard’ treatments, including antibiotics (Zhou et al. 2016). The 

development of novel plant-based synergy medicines could mean a renewed drug treatment 

pathway for numerous patients unable to benefit from current plans; however, research is still 

at very early stages and deeper levels of understanding of the complex mode of actions have yet 

to be achieved. In addition to this, the immensely vast library of potential herbal medicines 

reported globally means that the process of identifying the most effective and safe synergistic 

products would be extremely time consuming. This could be seen as disadvantageous when 

considering the imminent need for novel medicines. Some researchers have found evidence to 

support synergism, such as the findings of a recent study identifying the greater antioxidant 

effect of whole fruits and vegetables compared to the singular component of ascorbic acid 

(Leonard et al. 2002); despite this, others have voiced their concern that synergism may not be 

viable due to the low levels of active components sometimes found in herbal preparations (Zhou 

et al. 2016). This highlights the need to improve the status of research on synergistic herbal 

formulations, by producing reliable collections of data on the safety and efficacy of chosen 

combinations. 

The focus on the potential synergism between tiger nut oil and black seed oil in this current 

study is justified based on the current knowledge surrounding the use of these products in 

traditional medicine. Also, black seed has previously been studied alongside garlic for 

antioxidant interactions, where it was found that human consumption of both products daily 

resulted in an enhanced antioxidant effect in the subjects (Mostafa et al. 2013). A synergistic 

formulation of tiger nut oil and black seed oil will be produced and used as an in vitro treatment 

for a selection of studies within this current research, to allow a comparison of results with the 

individual in vitro oil treatments. 

1.7 Nigella sativa (black seed) literature review 

1.7.1 Introduction 

Nigella sativa (NS), more commonly known as black seed (BS), is a flowering plant, the seeds of 

which are used as a popular cooking spice. They are also used in traditional medicines and have 

been known for this purpose in certain Asian and African cultures for centuries (Khan et al. 

2011). This annually flowering plant can grow in all soil types, including sandy, loamy and clay 

soils, yet sunlight exposure is essential for optimum growth. The ease of growth of the black 

seed plant means that neighbouring crops are often inhibited and so from an exploitative point 
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of view, agricultural costs would be low and require little maintenance for extensive crop 

production. The flowering plant appears in an attractive array of colours, whilst the seeds are 

black in colour, pertaining to its common name. It is believed to be effective as an anti-cancer 

therapeutic as well as an antihypertensive agent (Janfaza and Janfaza, 2012). More importantly 

in the treatment of sickle cell anaemia, it is thought to be an effective antioxidant also 

(Ibraheem, Ahmed and Hassan, 2010). Black seed is utilised in its seed form, as well as its oil 

form, for medicinal purposes, with studies being undertaken on both to determine effects on 

erythrocytes and oxidative stress; the results of which shall be critiqued in this literary review.  

1.7.2 Proximate composition of N. sativa 

The nutritional value of black seeds were first established over four decades ago, where high 

protein, fat and carbohydrate compositions were deduced (Babayan, Koottungal, and Halaby 

1978). Additionally, high values of iron, calcium and phosphorous were also identified in the 

study. A conclusion of good nutritional value of black seeds was given by the authors, which was 

agreed by Al-Jassir (1992) and expanded to include fibre as a significant component. Yet, further 

research has been limited since these aged publications, as more recent studies such as 

Khoddami et al (2011) have essentially reinforced these previous findings.  

Author (year of 

publication) 

Lipid (%) Fibre (%) Protein (%) Carbohydrate (%) 

Babayan, Koottungal, 

and Halaby (1978) 

35.5 - 21 34.3 

(Al-Jassir 1992) 38.2 7.94 20.85 31.94 

(Khoddami et al. 

2011) 

37.33 - 20.02 30.53 

Table 2. Proximate analysis of black seeds carried out in various studies to determine % of each component. 

Beneficial nutritional content of upcoming medicinal plants is of importance and so the 

established proximate composition results of black seed suggest progression is needed, such as 

in vivo investigations into the nutritional effect of black seed following human consumption in a 

range of health conditions, to begin to explore recognised use in herbal therapies.  
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1.7.3 Fatty acid composition of N. sativa 

The fatty acid profile of black seeds oil has been determined using gas chromatography (GC) by 

Khoddami et al. (2011). This is one of the most routinely used methods of determining fatty acid 

variability in plant-based products, as the use of internal standards allows the concentration of 

each fatty acid, identified by GC, to be quantified based on the retention time of the peak of 

each compound (Zhang et al. 2013). The most abundant saturated fatty acid was identified as 

palmitic acid, whilst the most abundant unsaturated fatty acids were named as oleic acid and 

linoleic acid. These results have been corroborated in a more recent study by Toma et al. (2013), 

whose use of gas chromatography similarly established linoleic acid as being the primary 

component of the total fatty acids. Despite the seeds used by Khoddami et al (2011) being 

sourced from Iran and the seeds used by Toma et al (2013) being cultivated in Tunisia, the 

consistency between the fatty acid results of the studies suggests minor variations between 

agricultural conditions of the crop. This is significant as it would allow greater comparison 

between seeds originating in different regions, as well as a more standardised value for the fatty 

acid profile of black seed oil. However, a wider range of studies would need to be carried out to 

elucidate the validity of this notion, on a global scale.  

1.7.4 Antioxidant properties of N. sativa 

The presence of phenolic compounds in black seeds have been suggested as being positively 

related to antioxidant activity (Mohammed et al. 2016). Additionally, a study by Dinagaran, 

Sridhar, and Eganathan (2016) also attributed the strong antioxidant activity of black seed oil 

extracts to the high percentage of fatty acids identified using gas chromatography-mass 

spectrometry (GC-MS) analysis. The antioxidant capacity of the black seed oil extracts was 

established using free radical scavenging assays; interestingly, the results showed that greater 

radical scavenging was produced from lower concentrations of black seed oil. Dinagaran, Sridhar 

and Eganathan (2016) did not elucidate further on possible reasons for this trend, which is 

disagreed by the findings of Singh et al. (2014). This earlier study found that the scavenging 

activity of black seed oil increased with extract concentration and was also found to be more 

effective as a ROS scavenger than synthetic antioxidants including butylated hydroxytoluene 

(BHT) and butylated hydroxyanisole (BHA). The authors identified an advantage of this as being 

the absence of strict regulations on natural food additives, as enforced with synthetic 

equivalents, as well as changing consumer preference towards natural substances. Both 

Dinagaran, Sridhar, and Eganathan (2016) and Singh et al (2014) used the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging assay as a way of identifying the antioxidant potential 
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of black seed extracts and so the conflicting results, regarding the correlation of extract 

concentration and scavenging efficacy is unexpected. The most recent study investigating the 

free radical scavenging capacity of black seed oil was undertaken by Rather and Jain (2018) and 

reflected the results of Singh et al (2014). The scavenging of the oil was shown to be dose 

dependent, with increasing DPPH inhibition alongside increasing oil concentrations. It would 

appear that this is the most likely outcome and that N.sativa oil is a promising agent against 

oxidative stress, through the scavenging of ROS.  

Thymoquinone (TQ) is the primary bioactive constituent of black seed oil and has been an area 

of interest for several researchers, due to the possibility of utilising this unique compound based 

on its strong antioxidant activity. Specific studies have been carried out on the effects of TQ 

against oxidative stress, which is thought to be prominent in sickle cell anaemia due to a reduced 

antioxidant defence system, as well as excessive free radical production in cells. One study found 

that TQ worked effectively as a superoxide anion (O −
2) scavenger; this was investigated using 

chemiluminescence intensity measurements in in vitro reactions, involving the addition of TQ, 

following O −
2 generation (Kruk et al, 2000). The O −

2 radical is formed in an excited electronic 

state and so the TQ was found to act as a scavenger against this radical. When this happens, the 

O −
2 is converted into a ground state. It is at this point that photons are emitted and are viewed 

as an increase in light emission. Kruk et al (2000) show this through the equation:  

TQ(TQ2) + O −
2 -→ TQ − (TQ2

−) + O2. 

Chemiluminescence is a suitable method to use as it is both sensitive and specific, as only the 

superoxide anion radical can become “excited” and so this makes it unlikely that the increase in 

chemiluminescence intensity has occurred from another source. Kruk et al (2000) tested TQ at 

a concentration of 1mM and found this to cause a significant increase in light emission and 

therefore reduction of O −
2. The researchers concluded that the SOD (superoxide dismutase)-

like characteristics shown by TQ make it a viable option as a treatment for ROS-related diseases, 

which includes sickle cell anaemia.  

Contrary to this, Mansour et al (2002) found that TQ could also be used as a general free radical 

scavenger and was not limited to superoxide anion scavenging, as Kruk et al had summarised. 

The process used by the authors to detect free radical generation was the riboflavin—o-

dianisidine technique, whereby o-dianisidine underwent photo-oxidation aerobically, aided by 

riboflavin (Mansour et al, 2002). This process resulted in free radical production; when TQ was 

added to the reaction, inhibition of the photo-oxidation was observed and so connoted free 
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radical scavenging activity of TQ. The use of the riboflavin—o-dianisidine method by Mansour 

et al (2002) was ideal to determine the status of TQ as either a general free radical scavenger or 

specifically a superoxide anion scavenger; a general scavenger would result in inhibition of the 

aerobic photo-oxidation, whereas a superoxide scavenger would result in an increase of the 

aerobic photo-oxidation. If the tested sample was both a general free radical scavenger and a 

superoxide scavenger, the assay would show inhibition also. The results from the study show 

that TQ is a general free radical scavenger but in conjunction with the results from Kruk et al 

(2000) it can be seen that this compound is both a general and superoxide radical scavenger. 

This is further corroborated by subsequent testing by Mansour et al (2002) that showed that TQ 

inhibited the production of superoxide anion radicals when using the xanthine-xanthine oxidase 

method. This combination of xanthine and xanthine-oxidase leads to the reduction of oxygen 

(O2) into superoxide (O −
2) (Aitken, Buckingham and Harkiss, 1993) and so provided a reliable 

method of scavenging observation for Mansour et al (2002). Controversially, it was also found 

that TQ caused a decrease in other cellular antioxidant enzymes. A commercial assay kit was 

used to measure nicotinamide adenine dinucleotide phosphate (NADPH) oxidation and 

consequently GSH formation, showing a decrease in the antioxidant enzyme GSH-Px (Mansour 

et al, 2002). A reduction in the level of SOD was also detected using a commercial assay kit 

(Mansour et al, 2002). GSH-Px and SOD play vital roles in cellular protection from oxidative 

damage and so this is a valuable substance to measure when aiming to reduce ROS. It was 

believed by Mansour et al (2002) that the decrease of these enzymes was due to the powerful 

radical scavenging activity of TQ which meant that there was less need for the other antioxidant 

enzymes. Khader, Bresgen, and Eckl (2009) more recently agreed with this notion and suggested 

that higher concentrations of TQ led to pro-oxidant consequences, compared to the antioxidant 

effects often observed at lower concentrations of the agent. Overall, both Kruk et al (2000) and 

Mansour et al (2002) found results that showed the effective antioxidant properties of TQ and 

its ability to scavenge free radicals to prevent oxidative damage to organs and cells.  

Whilst the aforementioned studies confirmed the in vitro antioxidant capacity of black seed oil 

and its bioactive component, TQ,  an in vivo investigation by Alenzi, El-Bolkiny, and Salem (2010) 

was carried out, which confirmed their findings. The researchers used male albino rats, who 

were administered black seed oil or TQ, based on rat groupings, on alternate days for a total 

period of 12 days. Prior to this intragastric administration, the rats were also injected with either 

PBS as control or the anticancer drugs cyclophosphamide (CTX). The purpose of the study was 

to identify whether black seed or TQ treatment could decrease toxicity induced by CTX 



Chapter one: Introduction to sickle cell anaemia and herbal medicine 

37 | P a g e  
 

administration. Alenzi, El-Bolkiny, and Salem (2010) found that both black seed oil and TQ were 

successful at achieving this effect and associated this outcome with the antioxidant defence 

provided by the black seed supplementation. The combined in vitro and in vivo murine model 

antioxidant results suggest that black seed oil and TQ should be further explored in regard to 

the therapeutic effect of oral consumption in human subjects. This would particularly apply to 

medical conditions whereby disease progression is negatively affected by oxidative stress.  

1.7.5 Use of N. sativa as a therapeutic agent 

As with most herbal medicines, black seeds have been associated with the treatment of a variety 

of ailments. Most frequently, the effect of black seed administration on anti-cancer activity has 

been studies. Based on anecdotal claims originating in Sri Lanka, Thabrew et al. (2005) tested 

the effect of black seeds on the human hepatoma HepG2 cell line and found dose-dependent 

cytotoxic activity of the extracts, following a 24-hour incubation period, with Annexin V and 

propidium iodide staining showing cells in apoptotic/necrotic stages, based on flow cytometric 

analysis. In a study published in the same year, researchers found that in vitro treatment of 

myeloblastic leukaemia HL-60 cells with TQ resulted in apoptosis of the cells and so 

strengthened the chemopreventive and chemotherapeutic properties attributed to the natural 

compound (El-Mahdy et al. 2005). Similarly, black seed oil has been the point of focus in other 

subsequent anti-cancer studies, such as that undertaken by Ait Mbarek et al. (2007). The primary 

findings of the in vitro investigation showed that black seed oil treatment produced cytotoxic 

effects on all cell lines used (P815, Vero, ICO1, BSR). The authors expanded their research to 

include an in vivo trial of injected black seed oil to tumour sites in a mice model. After 30 days 

of oil administration, there was a significant decrease in the solid tumour development of the 

animal model compared to the control group and therefore improved the survival of the treated 

mice, through metastatic inhibition.  

The established carcinogenetic effects relayed by black seed and TQ have been attributed to the 

induction of enzymes including glutathione transferase and quinone reductase; this was 

confirmed by Nagi and Almakki (2009), who found that oral administration of TQ to mice for 5 

days caused a distinctive increase in the concentration of these enzymes in mice liver. 

Asaduzzaman Khan et al. (2010) linked this increase in antioxidant enzymes to the anti-cancer 

activity of black seed extracts through the defective function of endogenous antioxidant 

enzymes such as SOD and CAT, that have been associated with the development of cancer, 

including hepatocellular carcinoma. An increase in antioxidant enzymes through dietary 
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supplementation, such as black seed, would appear to be beneficial against the progression of 

DNA damage and mutations involved in the origins of cancer development. 

Whilst the main focal point in recent studies of the therapeutic potential of black seed has been 

on cancer treatment, other areas such as hypertension and diabetes have been lightly touched 

upon. Regarding the anti-hypertensive impact of black seed, one of the first studies was 

proposed by Zaoui et al in 2000, who discovered in a 15 day treatment period that oral dosage 

of black seed extract in a spontaneously hypertensive rat model resulted in decreased arterial 

blood pressure of the treated rat group. These findings were more recently corroborated by 

Tasar et al (2012), who also used a hypertensive rat model in their in vivo investigation. However, 

unlike Zaoui et al (2000), black seed administration was provided intraperitoneally and for a 

period of 6 weeks. Despite these differences in method, the blood pressure of the black seed-

treated rats was shown to have decreased over the study period and this treatment group were 

also found to have reduced levels of reactive oxidants. Authors have concluded that black seed 

treatment was effective at reducing blood pressure and oxidative stress-induced injury in an in 

vivo hypertensive animal model, potentially through antioxidant mechanisms of action.  

Diabetes has also been a health condition thought to benefit from black seed supplementation. 

In an impressive study performed by Kanter et al (2003), experimental and control groups of 

male Wistar rats were injected with streptozotocin (STZ) to induce diabetes. Treatment of black 

seed or control was initiated in rat groups for 30 days, following STZ-induced diabetic state; 

Kanter et al (2003) found serum glucose and serum insulin levels to be elevated in the black 

seed-treated experimental group, compared to the control equivalent, as well as observed 

partial regeneration of pancreatic β-cells within the treatment group. This regeneration of β -

cells was believed by the authors to be responsible for the increase in serum insulin 

concentration detected, suggesting extremely promising therapeutic results of this natural 

agent.  

Unlike most experimental investigations into herbal medicine, an in vivo study involving human 

subjects has been approved and carried out successfully for this chronic disease (Bamosa et al. 

2010). Patients were selected based on a diagnosis of diabetes mellitus type 2 and received oral 

doses of black seed daily for a total of 12 weeks. Blood samples were taken from each participant 

to deduce serum glucose levels in a fasted state and 2 hours post-prandial, as well as β-cell 

function. Results of the analysis found that all dosage treatment groups (1g/day, 2g/day and 

3g/day) had reduced fasting blood glucose concentrations and reduced blood glucose levels 2 
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hours post-prandial, compared to baseline values for each group. Additionally, the percentage 

of β-cell function was shown to have increased with 2g/day and 3g/day dosage of black seeds.  

These results are significant for the diabetic population, as the use of a natural adjunct 

treatment alongside standard anti-diabetic medications has been shown to improve glycaemic 

regulation, with the study showing the greatest level of significance from the 2g/day black seed 

treatment group of diabetics. Whilst the study by Bamosa et al (2010) is in agreement with 

several animal models of diabetes treated with black seed extracts, such as Kanter et al (2003), 

this study did not use a negative control group as an extended point of comparison for the in 

vivo treatment. This would further corroborate the hypoglycaemic effect specifically caused by 

the dietary supplementation of N.sativa.  

The mode of action of black seed’s hypoglycaemic effect has been linked to its ability to reduce 

the rate of hepatic gluconeogenesis, decrease the occurrence of lipid peroxidation and increase 

cellular antioxidant presence, in induced-diabetic rabbits fed black seeds for 2 months, 

compared to control groups (Meral et al. 2001). A review by Alenzi et al (2013) incorrectly 

summarises these findings as showing increased lipid peroxidation in black seed-treated diabetic 

rabbits; however, the literature published by Meral et al (2001) displays decreased MDA 

concentration, a marker of lipid peroxidation and therefore oxidative stress, in the treatment 

group. This would also strengthen Meral et al’s (2001) conclusion that black seed 

supplementation could increase the antioxidant defence activity and decrease glucose 

concentration of diabetic subjects, as reduced lipid peroxidation and increased antioxidant 

presence are experimentally observed simultaneously.  

1.7.6 Use of N. sativa as an anti-sickling agent 

Ibraheem, Ahmed and Hassan (2010) tested the capability of black seed to act as an anti-sickling 

agent for patients with sickle cell anaemia. The basis of studying a new potential treatment, 

despite several others already in existence, was the researchers concern about the safety of 

prolonged use of these drugs, such as HU. Prior to the publication of Ibraheem, Ahmed and 

Hassan’s study (2010), another investigation had researched the cytotoxicity of HU in sickle cell 

anaemia patients (Khayat et al, 2006); these researchers found that there was little in vitro 

evidence for cytotoxic activity in patients during a one-year supplementation period, when 

recording mitotic index values at two-month intervals. However, it was recommended that any 

side effects should be carefully monitored in patients taking HU as a precaution and so this may 

justify Ibraheem, Ahmed and Hassan’s motive to investigate an alternative, natural treatment. 
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Fixed oil extracts at concentrations of 0.1%, 0.05% and 0.01% and aqueous extracts at 

concentrations of 0.05%, 0.025% and 0.005% were used separately with venous HbS blood, to 

observe the morphological effect on sickle erythrocytes. Microscopy was used to deduce the 

morphology of the cells and to produce a cell count of non-sickle and sickle cells, which is a long-

standing method in haematological research. It was found that whilst the least concentrated 

sample of fixed oil extract (0.01%) did not alter the ratio of sickle to normal cells compared to 

the control value, at 0.05% fixed oil extract there was a slight reduction in the number of sickle 

cells viewed and this was then seen significantly with the 0.1% fixed oil extract. The finding that 

80% of all the erythrocytes viewed were now a normal, discoid shape compared to the control 

value is extremely promising, especially when compared to the results of the aqueous extracts 

of black seed, where minimal anti-sickling activity was found. The reason behind this differing 

result is believed to be due to the presence of TQ in fixed oil of black seed and its absence in 

water extracts; this strengthens the argument for the use of black seed oil as a more specific 

supplement to treat sickle cell anaemia. Overall the findings led the researchers to recommend 

the use of black seed as an alternative treatment for patients with sickle cell anaemia, as 

reducing the number of cells that are prone to sickling should also reduce the number of painful 

vaso-oclusive crises experienced by a patient. This is the primary purpose of sickle cell anaemia 

treatments. Furthermore, the findings of Ibraheem, Ahmed and Hassan (2010) were included in 

a comprehensive review discussing anti-sickling agents derived from plants; however, this 

appears to be the only published study to date regarding the in vitro anti-sickling effect of black 

seed oil on sickle cell samples. This exposes the vast range of assays that can be undertaken on 

HbS erythrocytes treated with black seed oil, as it is vital for corroborative investigations to be 

carried out to strengthen and validate the limited current evidence.  

1.7.7 Potential adverse effects of N. sativa consumption 

Whilst many studies have found black seed to show evidence of antioxidant properties capable 

of reducing ROS in sickle cells and ultimately reducing their likelihood to sickle, another study 

found that the TQ component of NS may cause harmful consequences. Qadri et al (2009) 

investigated TQ-induced cell eryptosis due to its believed efficacy as an anticarcinogenic 

substance. Annexin-V binding was used to determine the amount of phosphatidyl serine (PS) 

exposed at the cell membrane surface as PS translocates from the intracellular area to the 

extracellular membrane due to a process known as phospholipid scrambing during cell death 

(Qadri et al, 2009). Annexin-V has high affinity for PS and so the amount of fluorescence emitted 

from Annexin-V correlates to the amount of PS exposed; in this study, it was found that in the 
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presence of TQ, RBCs were more likely to show PS exposure at membranes and therefore 

denotes an increase in cell eryptosis. This study is relevant to sickle cell anaemia research as it 

poses the question as to whether the use of TQ as a treatment for sickle cell anaemia would lead 

to increased cell death as a side effect. This is significant as eryptosis reduces the volume of 

erythrocytes in circulation when there is also an unbalanced rate of reticulocyte production from 

the bone marrow and this can lead to anaemia (Qadri et al, 2009). In a sickle cell patient, it is 

probable that increased eryptosis would exacerbate their blood cell disorder and the 

accompanying symptoms; sickle cells undergo haemolysis and so additional loss of erythrocytes 

would be disadvantageous to sufferers. Inevitably, this should raise caution with the use of TQ. 

It is stated by Qadri et al (2009) that the concentration of TQ whereby eryptosis was observed 

at a stable level was ≥ 3µM; the optimal concentration of TQ that leads to a decrease in the 

number of sickle cells in a blood sample would need to be investigated to determine whether 

the risk of erythrocytic eryptosis due to the use of TQ could be minimised. This may be slightly 

different to the result found by Kruk et al (2000) as whilst the 1mM (1000µM) TQ used to show 

its antioxidant property is a much greater concentration than the ≥3µM TQ that initiated 

eryptosis (Qadri et al, 2009), neither of those studies directly investigated the effect on sickle 

cells. Also, it should be noted that TQ and NS are not the same substances as NS contains TQ as 

a proportion of its composition. Therefore, eryptosis should be measured in erythrocytes tested 

with NS as a supplement to witness whether eryptosis is abnormally high, to compare to the 

results of the study by Qadri et al (2009) using TQ alone. The results found by Qadri et al (2009) 

also weaken those found by Kruk et al (2000) as the latter paper does not discuss any observance 

of side effects to in vitro cells following TQ treatment. However, it should be noted that at the 

time of Kruk et al’s publication, the testing of TQ as a free radical scavenger was relatively new 

and their evidence was viewed as one of the first of its kind (Kruk et al, 2000). Consequently, the 

possibility of TQ causing other cellular effects may not have been considered or approached at 

that time, which explains Qadri et al’s research into this aspect at a later date.   

1.7.8 Conclusion 

Alongside the apparent medicinal properties of NS, this plant-based treatment also possesses 

factors such as easy accessibility, low associated costs and strong public trust in its use due to 

centuries of cultural use (Leong, Mustafa and Jaarin, 2013). This enhances its credibility, 

alongside the research and strong positive evidence discussed, as a realistic treatment in the 

future. The protocols used by the researchers appear to be sound and it would seem acceptable 

to base future investigations on these methods. The main upcoming target should be to study 
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the optimal concentration of black seed oil that reduces cell sickling but also to ensure that this 

does not also induce any harmful side effects. Black seed oil can then be pushed further with 

confidence as a natural treatment to reduce cellular ROS in sickle cell sufferers and possibly 

alleviate symptoms related to erythrocyte sickling.  

1.8 Cyperus esculentus (tiger nut) literature review 

1.8.1 Introduction 

Tiger nut (TN), also known as Cyperus esculentus, is a type of plant most commonly found in 

regions of Africa and Asia, where its edible tubers have formed part of the normal diet for many 

generations of the population (Sanchez-Zapata, Fernandez-Lopez and Perez-Alvarez, 2012). The 

plant takes the appearance of grass, whereas its tubers can be yellow, brown, red or black in 

colour. In each season, one plant has the potential to spread thousands of tubers, with a large 

proportion of these maintaining viability until optimum growth conditions are available. In this 

sense, this plant is a widely available resource, but its human value is mostly unknown and 

underestimated in the Western World (Sanchez-Zapata, Fernandez-Lopez and Perez-Alvarez, 

2012). The United Nations (UN) have identified tiger nuts as being an under researched plant, 

with even fewer studies being carried out on its oil (Ezeh, Gordon, and Niranjan 2014). Despite 

it being an unexploited resource, especially in Africa, it is believed that tiger nuts could 

contribute to the currently expanding library of herbal medicines. This is particularly suggested 

for the management of a RBC disorder, sickle cell anaemia, due to tiger nut’s antioxidant 

properties. This review looks to evaluate the current literature available for tiger nut properties 

and studies previously undertaken, with respect to its potential antioxidant and anti-sickling 

role. 

1.8.2 Growth conditions of C. esculentus 

Tiger nut has particularly efficient growth stages, as it takes only 90-110 days to reach full 

development. Also, positive correlation has been identified between increased environmental 

temperature and production rate of the tubers (Bamishaiye and Bamishaiye 2011). This means 

that it can be viewed as a weed, as well as a crop to be harvested, in its native lands (Roselló-

Soto et al. 2019); this contributes to its underutilisation, yet economically, the invasive capacity 

of this tuber would be advantageous if promotion and popularity of this healthy food item 

worldwide was to increase. Ezeh, Gordon, and Niranjan (2014) suggest that the ease of growth 

for tiger nuts reduce or eradicate the need for fertiliser use, therefore maintaining low 

production cost of this tuber. This notion has been further advanced by Ezeh, Gordon, and 
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Niranjan (2014), who theorise that the fast growth and minimal need of additional resources for 

tiger nuts and its co-products could lead to a financially successful export product from Africa, 

to challenge current imports such as olive oil.  

1.8.3 Variants of C. esculentus 

There are four types of tiger nut according to their colour: yellow, black, brown and red. 

Researchers from different nations have undertaken studies on each of the colour variants, 

enabling a comparison between the groups. After studying the black and brown types in 

Cameroon, Ejoh and Ndjouenkeu (2006) conclude that the brown tiger nuts provided greater 

nutritional value than black tiger nuts, based on protein, lipid and sugar values. However, it has 

been agreed by Abano and Amoah (2011) and Onuoha et al. (2017) that the yellow variation are 

the most superior and nutritionally valuable, due to their larger mass, higher protein count, 

greater milk production and lower fat content than the alternatively coloured tubers. Tiger nuts 

can be eaten raw, dried, roasted, or as the co-products of tiger nuts, known as tiger nut milk and 

tiger nut oil. The milk extract is combined with cold water to produce a popular beverage in 

Spain known as horchata de chufa. This drink is traditionally Spanish; the tiger nut crop has 

become naturalised in regions of the country, including Valencia (Sebastia et al, 2012). It is 

noteworthy that Spain has noticeable rates of sickle cell incidence; 1 in every 5000 live births 

are diagnosed with sickle cell anaemia (Garcia et al, 2016). Whilst this is not particularly 

significant when compared to an incidence rate of 1 in 10 live births in Africa, the fact that tiger 

nuts successfully grow in these Spanish areas could aid in their establishment as an accessible 

treatment in developed countries, as well as developing countries. Tiger nuts were initially 

incorporated as a natural part of African diets but after time, anecdotes from sickle cell families 

of the correlation of tiger nut consumption with a reduction in sickle cell symptoms experienced, 

led to a greater interest in the plant’s therapeutic value.  

1.8.4 Proximate composition of C. esculentus 

Another co-product of tiger nut is oil, which can be extracted by methods such as solvent 

extraction using hexane or supercritical carbon dioxide (Ezeh, Gordon and Niranjan, 2014). This 

oil has a multitude of potential roles, varying from use as a cooking oil, an edible oil, an efficient 

burning oil and use in the cosmetics industry (Ahmad Warra et al. 2017). The nutritional content 

of tiger nuts in comparison to other types of tubers shows promise towards being a beneficial 

addition to a human diet (table 3). The fibre content of tiger nuts suggests that human 

consumption should be moderate to avoid digestive issues. Also, tiger nuts are gluten-free and 
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cholesterol-free, meaning that they are appropriate for a wide range of consumers, who may 

otherwise be limited in their choice of food (Hassan, 2007). 

Name of 

tuber 

Lipid 

(g/100g) 

Fibre 

(g/100g) 

Protein 

(g/100g) 

Total sugars 

(g/100g) 

Carbohydrate 

(g/100g) 

Tiger nut 24.49 8.91 5.04 15.42 43.30 

Yam 0.20 1.68 2.55 N/A 34.60 

Cassava 0.30 1.18 1.40 5.00 38 

Sweet 

potato 

3.88 0.88 0.66 6.63 25.74 

Potato 0.16 0.68 1.97 0.47 18.17 

Table 3. Nutritional values of different tubers, measurements taken as g/100g of tuber; total sugars refer to reducing 

sugars and sucrose values combined (Sanchez-Zapata, Fernandez-Lopez and Perez-Alvarez, 2012). 

1.8.5 Fatty acid composition of C. esculentus 

Literature has often compared the fatty acid composition of tiger nut oil to other vegetable oils, 

such as olive oil and sunflower oil. In a study by El-Naggar (2016), three major fatty acids were 

identified in samples of tiger nut oil, olive oil, maize oil, sunflower oil and soy bean oil, using GC-

MS: palmitic acid (saturated fatty acid), oleic acid (monounsaturated fatty acid) and linoleic acid 

(polyunsaturated fatty acid). It was established that olive oil, followed by tiger nut oil, had 

consistently higher percentages of palmitic and oleic acid than the other tested oils. An 

exception to this order was linoleic acid, where tiger nut oil and olive oil had the lowest 

percentage values, respectively.  

However, whilst El-Naggar (2016) found oleic, palmitic and linoleic acids to be the primary 

constituents of tiger nut oil, the findings of Ahmad Warra et al (2017) somewhat oppose this 

identification. GC-MS chromatography found that palmitic acid and oleic acid were present in 

tiger nut oil, but additionally there was the presence of stearic acid, heptadecanoic acid, behenic 

acid, arachidic acid and erucic acid. Furthermore, it was found by Ezeh, Gordon, and Niranjan 

(2016) that only trace amounts of linoleic acid were present in tiger nut oil, compared to El-

Naggar’s (2016) claim that linoleic acid was one of the major contents of the oil. It is possible 

that slight differences in fatty acid profiles appear due to tiger nut variations based on the 

country of origin and the distinct environmental and cultivation factors associated; the tiger nuts 

used in El-Naggar’s (2016) research were harvested in Egypt, whereas those of Ahmad Warra et 

al (2017) were grown in Benin and those used by Ezeh, Gordon and Niranjan (2016) had been 
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imported from Spain. This is also most likely to be the reasoning behind the slight differences in 

fatty acid findings because both authors used GC-MS, which is established as an accurate 

method of analysis due to the combined utilisation of retention time and mass spectrometry. 

The main fatty acid of interest in most tiger nut studies is oleic acid, the presence of which 

remained constant between all addressed studies. For this reason, the profile of tiger nut oil is 

most commonly compared to olive oil. However, whilst olive oil is a commonly recognised and 

globally distributed oil, tiger nut oil does not share this level of recognition, despite having 

similar nutritional values such as high monounsaturated fatty acid concentration.  

1.8.6 Antioxidant properties of C. esculentus 

Alongside the impressive proximate analysis results, tiger nuts are also composed of phenolic 

antioxidants. This type of antioxidant differs from others, such as sulphur-based antioxidants 

and selenium-based antioxidants, due to its composition of hydroxyl groups and benzene rings 

(Badejo, Damilare and Ojuade, 2014). Phenolic antioxidants are generally plant-based 

substances and in the case of tiger nuts, the phenolic acids are located in the cell walls (Sanchez-

Zapata, Fernandez-Lopez and Perez-Alvarez, 2012). These polyphenols are already known to 

increase the antioxidative capacity of cells due to their radical scavenging ability; they act as a 

reducing agent and thereby prevent further oxidation of other compounds that would most 

likely result in free radical production (Pandey and Rizvi, 2009). This can be related to the radical 

chain reaction which consists of initiation, propagation and termination (Soderberg 2014). The 

radical chain reaction is a natural process undergone by all free radicals; however, it occurs very 

rarely due to the energy expenditure necessary. Initiation can only occur when there is heat or 

light present, enough to cause homolytic cleavage of weak bonds in molecules such as chlorine 

and bromine (Soderberg 2014). The result of this is the formation of radicals of the molecule, 

for example cleavage of a molecule of chlorine in the presence of heat/light will produce 2 

chlorine radicals (Cl∙). The following step of the reaction is propagation whereby the free radicals 

form a bond with hydrogen of a stable molecule such as methane. This results in further 

production of free radicals; in the chlorine example this would be a methyl radical. The final step 

in this reaction is termination, which occurs when 2 free radicals react to form a stable, non-

radical molecule. However, this step is rare as it is unusual for 2 free radicals to collide within 

the same cellular component. Because of this, the overall destruction of free radicals is low and 

can contribute to the excessive oxidative damage caused by their presence.  
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Tiger nut may play a role in aiding termination as it is a phenolic antioxidant; a review by Flora 

(2009) summarised phenolic antioxidants as being capable of donating an electron to a free 

radical and therefore producing a non-radical. Zammara and Imaizumi (2017) recently found 

that tiger nut oil showed greater antioxidant activity than its water and ethanol counterparts, 

when liposomes were pre-incubated with the treatments prior to the addition of a fat-soluble 

free radical initiator of peroxidation. Based on these findings, the authors believed that tiger nut 

extracts could have a beneficial impact on disorders affected by enhanced free radical 

production. In agreement with this are several other authors, including Ogunlade, Adeyami, and 

Aluko (2015), who interpreted the phenolic values and percentage inhibition of free radicals by 

methanolic tiger nut extracts as being indicators of the action of phytochemical substances. 

Oladele, Adebowale, and Bamidele (2017) also identified a high phenolic content of tiger nuts 

and correlated this phenolic profile to the antioxidant activity determined in the study.  

Alongside the potent antioxidant activity induced by the phenolic compounds present in tiger 

nuts, research has found high levels of vitamin C and vitamin E, primarily the homologue α-

tocopherol, using spectrophotometric methods (Suleiman et al. 2018). These vitamins are also 

well known for their antioxidant properties and it has been agreed by Achoribo and Ong (2017) 

and Ezeh, Gordon, and Niranjan (2014) that in tiger nuts, the content of vitamin E in particular 

should convey cellular protection against oxidative stress.  

An additional phytochemical that has been discovered as a constituent of tiger nuts is quercetin. 

This dietary flavonoid was identified using liquid chromatography-mass spectrometry (LC-MS), 

the use of which denotes the high accuracy of the results. Allouh, Daradka, and Ghaida (2015) 

stated that quercetin was a source of antioxidant action in tiger nuts; this was corroborated by 

Oladele, Adebowale, and Bamidele (2017) who used GC to establish that quercetin was the 

flavonoid with the greatest concentration in the tiger nut samples and linked this to the 

observed cellular protection against free radicals. Whilst the use of GC for separating and 

analysing compounds can be seen as inferior to LC-MS, due to the time consumption of using a 

derivatisation step to increase the compound’s suitability prior to analysis, it has been shown 

that both methods produce comparable results and a high level of accuracy (Briche, Carter, and 

Webb 2002). This acts as confirmation of the validity of the results suggesting the prominent 

presence of quercetin in tiger nut extracts.  
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The findings regarding the antioxidant properties of tiger nuts denote their ability to reduce 

excessive ROS generation, as is the occurrence in sickle cell anaemia, and therefore alleviate 

symptoms of the disorder which are believed to be exacerbated by unstable production of ROS.  

1.8.7 Use of C. esculentus as a therapeutic agent 

Whilst tiger nut is somewhat unknown as a medicinal product, there have been studies 

investigating its efficacy and safety as a treatment for various human diseases. This natural 

product has previously been tested for toxicity in animals and showed no effect, allowing Hassan 

(2007) to encourage the clinical testing of tiger nuts in human studies. Hassan (2007) reached 

this conclusion after injecting healthy adult male rats with tiger nut oil, intraperitoneally; results 

showed an increase in haematological parameters such as RBC count, platelet (PLT) count and 

haemoglobin values. An insignificant increase in white blood cell (WBC) count was also 

observed. The researchers viewed the increase in haematological indices as a positive effect of 

tiger nut oil administration and suggested oleic acid as being responsible for the improvement. 

Hassan (2007) also evaluated the effect of the oil on the serum electrolyte concentration and 

kidney function of the tested rats, which were summarised as normal values in treated rats. The 

safety of the oil on liver function was assessed by monitoring the activity of transaminases (ALT 

and AST) and bilirubin. These markers showed insignificant decreases from the control, with 

bilirubin showing a significant decrease at a higher dose of tiger nut treatment (0.5ml/kg bw) 

and were declared normal levels. Hassan (2007) alluded this to be due to the hepatoprotective 

role of tiger nut oil. Similarly, the effect of including tiger nut milk in the controlled diet of adult 

male Wistar rats was investigated by Onuoha et al. (2017). It was found that superoxide 

dismutase activity increased significantly with the dietary inclusion, portraying an increased 

antioxidant defence in the rat subjects. The transaminases ALT and AST were studied, yet unlike 

Hassan (2007) who only used a normal control, Onuoha et al (2017) used a normal control 

treated only with water, as well as a negative control treated with water and acetaminophen 

(APAP) as a hepatotoxicant. The tiger nut milk test groups also had APAP included in their feed. 

The results of Onuoha et al (2017) found that all dosages of tiger nut milk resulted in a decrease 

in serum ALT concentration from the negative control, with the highest dose (2000mg/kg bw) 

impressively producing an insignificant value to the normal control. This implies that even 

though the tiger nut-fed rats were also given APAP, the protective action of tiger nut was able 

to reduce the liver damage markers to the same level as the rats not given APAP. The same trend 

was observed with serum AST and bilirubin values. Whilst the findings of Hassan (2007) and 

Onuoha et al (2017) cannot be directly compared, as the hepatotoxicant induced liver damage 
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in the rat subjects of Onuoha et al (2017) that would not have been present in the subjects of 

Hassan (2007), it could be seen that the use of the tiger nut extracts in both studies resulted in 

hepatoprotection and were safe for consumption in the animal model used. Following on from 

this, another recent toxicity study used a murine model and found that intraperitoneal 

administration of tiger nut extract produced non-toxic results, with an LD50 of 3,800 mg/kg. 

Oguwike et al (2017) stated the dose used in the study (5g/day) was safe and his findings 

regarding the absence of adverse effects on haematological parameters and liver function also 

corroborate those of Hassan (2007) and Onuoha et al (2017).    

Tiger nut has been investigated as a possible herbal therapy for human diseases including 

atherosclerosis and diabetes (Sanchez-Zapata, Fernandez-Lopez and Perez-Alvarez, 2012). In a 

study by Salem, Zommara, and Imaizumi (2005), atherosclerotic mice were split into two groups, 

whereby one group was fed a control diet and the other was fed the same diet including tiger 

nut supplement. Both diets were calorie-matched to ensure the groups of mice were receiving 

an equal amount of energy; this reduced experimental variation between groups and allowed a 

more accurate comparison of the results. Following 11 weeks of consistent feeding, the animals 

were sacrificed to enable quantitative evaluation of the cross-sectional atherosclerotic legion of 

each subject’s heart. Salem, Zommara and Imaizumi (2005) found that the groups fed on a tiger 

nut diet had a significantly lower mean atherosclerotic area than the control group, which led 

the authors to conclude the anti-inflammatory action of the tiger nut supplement. In a more 

recent study, Zommara and Imaizumi (2017) also explored the antiatherogenic effect of tiger 

nut dietary supplementation on male and female mice, where it was found that for both 

genders, the tiger nut diet produced lower atherosclerotic lesions in the aortic arch of the mice 

compared to the control. The authors of the study implied the antioxidant content of tiger nuts 

was responsible for the reduction in atherosclerotic lesion area; this claim was supported by 

Zommara and Imaizumi’s (2017) findings that the tiger nut dietary supplementation also 

reduced the lipid peroxidation stress in the treated group of mice. Other research has also 

suggested that sufferers of atherosclerosis are particularly benefited by the consumption of tiger 

nuts, as not only does tiger nut contain the α-amino acid arginine, which contributes to nitric 

oxide-induced vasodilation (Sanchez-Zapata, Fernandez-Lopez and Perez-Alvarez, 2012), but 

also phenolic antioxidants that are present are able to inhibit the oxidation of LDLs. These 

lipoproteins are believed to be a significant contributor to the cause of atherosclerosis (Pandey 

and Rizvi, 2009). This has links to sickle cell anaemia as Belcher et al (1999) proposed that sickle 

cell anaemia patients were more likely to experience LDL oxidation than non-sickle patients, due 
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to the environment of excessive oxidative stress. This suggests that tiger nut may be effective in 

sickle cell patients as potentially the oxidation of LDLs could be inhibited and therefore would 

reduce the production of free radicals; however, this is an area that still needs considerable 

investigation. Data has not yet been undertaken to contradict the findings of Salem, Zommara 

and Imaizumi (2017) and Zommara and Imaizumi (2017) and so the discussed studies can be 

taken as the most accurate, regarding the anti-atherosclerotic potential of tiger nuts.  

Sanchez-Zapata, Fernandez-Lopez and Perez-Alvarez (2012) believe that these promising 

findings are strengthened when considering the impressive nutritional content of the tubers, 

such as the high composition of fibre and starch. Starch would particularly benefit diabetics as 

starch is a slow-release carbohydrate and so would reduce the risk of blood glucose spikes post-

prandial. It was stated by Maritim, Sanders, and Watkins (2003) that enhanced free radical 

formation and a dysfunctional antioxidant defence process shows a relationship to the incidence 

of diabetes, leading to the hypothesis that antioxidant dietary supplementation could help 

diabetics to control their condition. In research undertaken by Sabiu et al. (2017), tiger nuts were 

shown to have an inhibitory effect on α-amylase and α-glucosidase, analysed using 

spectrophotometric absorbance values; these enzymes are responsible for the digestion of 

carbohydrates in the small intestine and so the consequence of inhibition is reduced glucose 

release into the bloodstream of the diabetic. This therapeutically significant effect was ascribed 

to the presence of phytonutrients in tiger nuts. The antidiabetic effect of tiger nuts has yet to 

be tested in an in vivo study, to determine the efficacy in human subjects, but Sabiu et al (2017) 

appear confident in the potential of this plant-derived antioxidant.  

1.8.8 Use of C. esculentus as an anti-sickling agent 

Due to the discussed properties of tiger nuts, researchers have begun to hypothesise the 

potential beneficial therapeutic effect of this plant-based product for sufferers of sickle cell 

anaemia. This is due to the antioxidant capacity of tiger nuts that has been previously 

established. An in vitro study by Monago and Uwakwe (2009) was undertaken in Nigeria, 

whereby methanolic and aqueous extracts of tiger nuts were used to treat HbS blood samples 

to determine the effect on HbS polymerisation, based on spectrophotometric absorbance 

readings. The authors found that anti-sickling activity of the tiger nut extracts was evident and 

concluded that people with sickle cell anaemia may be able to control their symptoms through 

the consumption of tiger nuts and their co-products. However, this study did not investigate any 

safety factors regarding the use of this nutritionally based therapeutic management. The 
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findings of Monago and Uwakwe were corroborated by Ekeh (2016) in a more recent study; Ekeh 

(2016) also identified the anti-sickling activity of methanolic and aqueous extracts of tiger nuts 

in Nigeria. Like Monago and Uwakwe (2009), Ekeh (2016) used the change in 

spectrophotometric absorbance values of treated samples as a point of analysis. However, 

whilst Monago and Uwakwe (2009) used saline in place of the tiger nut extracts to act as a 

control, Ekeh (2016) did not use such a negative control in the sickle cell haemoglobin 

polymerisation experiment. A disadvantage of this is not having a point of comparison to verify 

the true effect of the tiger nut extracts, to eliminate the possibility of the anti-sickling effect 

observed being due to an alternative factor. A positive factor about both studies is their 

occurrence in Nigeria; this is appropriate due to the high prevalence of sickle cell anaemia 

associated with this country. However, the length of time between the two studies shows how 

slow research in this area of nutraceuticals currently is, and how a lack of awareness and 

underrepresentation of natural medicinal sources is a limiting factor towards progression of 

research such as human clinical trials. 

Whilst the search for natural anti-sickling agents has been slowly progressing, the research 

community is beginning to recognise the role natural compounds may have in adjunct therapy 

or dietary supplementation. In a review composed by Dash et al. (2013), 41 medicinal plants 

were listed as having anti-sickling properties, based on sickling and/or polymerisation tests. C. 

esculentus is included as one of these medicinal plants for sickle cell anaemia, using the results 

of a HbS gelation experiment carried out by Nwaoguikpe (2010) to evidence the in vitro anti-

sickling efficacy of methanolic and aqueous tiger nut extracts. This study corroborates those of 

Ekeh (2016) and Monago and Uwakwe (2009), yet these studies were extremely similar in 

methods and intentions and so in combination with one another, they do not really progress 

current knowledge on the anti-sickling role of tiger nuts. Importantly, Dash et al (2013) 

acknowledged the lack of scientific verification behind anecdotal claims that tiger nut 

consumption has aided many sickle cell families in regions of Nigeria; alongside the lack of 

variation in previous studies, this enhances the necessity for more comprehensive research into 

the therapeutic properties tiger nuts may convey to sickle populations.  

1.8.9 Conclusion 

Overall, the outlook of tiger nut emerging as an alternative or additional treatment for sickle cell 

sufferers appears promising. The use of a natural food product as a treatment is beneficial as 

side effects are believed to be minimal, based on safety profiles established in recent murine 
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model studies. Ease of access and administration of a natural product such as tiger nut should 

be greater, in comparison to prescription drugs or hospital-based therapies, due to the non-

requirement of a prescription and the ability to consume a dietary supplement at any time and 

location. Additionally, the natural abundance of tiger nuts and the low agricultural input and 

cost to produce high yields of the plant in regions where sickle cell is highly prevalent makes it a 

stronger candidate as a treatment. This is especially because populations within these regions, 

such as rural areas of Nigeria, often find it difficult accessing consistent medicinal treatments. 

Currently in the developed world, attitudes towards natural, plant-based medicinal treatments 

are shifting towards acceptance and a greater interest in the benefits of natural management of 

disorders is surfacing. Studies on potential herbal medicines, such as tiger nuts, for sickle cell 

anaemia are limited and research progression is required to enable greater understanding and 

promotion of their use. However, the nutritional qualities of tiger nuts and the promising 

findings of the few in vitro anti-sickling studies previously carried out, all combine to present a 

unique plant to be exploited and utilised by sufferers of sickle cell anaemia as a way of 

nutritionally managing their condition.  

1.9 Gap in knowledge 

Globally, there is a rich biodiversity yet limited knowledge of traditional plant-based medicine, 

that could potentially cater to a large proportion of people with sickle cell anaemia. Many of 

these therapies are derived from developing countries, and whilst public interest towards plant-

based alternative treatments is growing, there is still little awareness or positive 

acknowledgment of most of these forms of treatment in the Western world (Ekor 2014). To 

bridge this disparity between both parts of the world would be beneficial for all, as doctors 

would have greater treatment options to offer a wide variety of patients with SCA and the 

patients themselves may respond much more positively to a newly introduced herbal medicine 

than previous options. Pharmacologic approaches are the primary strategy against the 

symptoms of SCA (Ameh, Tarfa and Ebeshi, 2012), yet there are limited effective drugs available 

in both developed and developing nations, such as hydroxyurea, which highlights a gap in the 

development and use of alternative treatments. The only way to begin to determine suitable 

natural products is through rigorous, extensive and focused research, starting with in vitro 

testing.  

Additionally, there is an element of urgency to research involving potential medicinal plants due 

to the ongoing loss of biodiversity on a worldwide scale (Mpiana et al 2007), which highlights 
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the importance of advancing the scientific understanding and evidence towards the efficacy of 

products such as tiger nuts and black seed. Whilst these products have been suggested to be 

effective at reducing SCA crises through anecdotal claims, there is a vast gap in knowledge and 

lack of clarification regarding the scientific data needed to support this, both in vitro and in vivo. 

This is true for various properties associated with their use as oral herbal treatments for SCA, 

including anti-sickling, antioxidant and especially anti-adhesive power. The considerable work 

carried out in this study will address these issues and provide the wider population with 

clarification towards the extent of usefulness of tiger nut oil and black seed oil for people with 

SCA, initially in an in vivo context and with developments towards in vivo research.  

1.10 Research aim 

The overall aim of this research was to determine the viability of tiger nut oil and black seed oil, 

as individual herbal medicines and as a synergy herbal product, to benefit sufferers of sickle cell 

anaemia. 

This was achieved by quantifying the antioxidant capacity of tiger nut oil and black seed oil, as 

well as the anti-sickling and anti-adhesive potential of the named products, when used as an in 

vitro treatment for sickle cell anaemia RBCs and plasma. Additionally, the effect of the products 

on sickle haemoglobin polymerisation and on erythrocyte lysis were investigated. The opinions 

of a group of people in Nigeria with sickle cell anaemia, towards herbal medicines (including 

tiger nuts and black seeds), were received and used to evaluate the viability of alternative and 

adjunct SCA therapies. The transition from in vitro to in vivo research, to develop a deeper and 

more accurate insight into the effectiveness of tiger nut oil and black seed oil for a sickle cell 

population, was considered by designing a human clinical trial. A study protocol was produced 

with suggested amendments from a National Health Service (NHS) research ethics committee.  
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Chapter two: Optimisation of N. sativa oil and C. esculentus oil for 

use in in vitro studies 

 

2.1 Blood fractionation 

2.1.1 Introduction 

Blood is a unique tissue with various functions, due to its distinct components. These sets of 

specialised cells can be separated to focus on different analytes. Consequently, the specific roles 

and properties of each blood cell type can be analysed. Centrifugation of whole blood is an 

established and accurate method to fractionate blood into its three main constituents (Downing 

and Klement 2012). Plasma is a liquid matrix that produces the fluidity of blood, whilst 

leukocytes are primarily responsible for immune response. The transport of oxygen-carrying 

haemoglobin from the lungs to the rest of the body and returning carbon dioxide to be exhaled 

during the process of gas exchange, is undertaken by erythrocytes.     

As all blood cells are suspended in plasma, centrifugation of anticoagulated blood allows the 

cells to sediment. Erythrocytes are heavy due to the haemoglobin they carry; therefore, RBCs 

pellet at the bottom of a centrifugation tube, distinctively from the upper layer of yellow plasma 

supernatant. The weight of haemoglobin in erythrocytes means that a low speed and short time 

period is adequate for red cell pellet formation. The white buffy coat, comprising of leukocytes 

and platelets, is present as a thin layer between the supernatant and the packed RBCs.  

Aim 

To separate blood into distinct components (plasma and erythrocytes) needed for subsequent 

studies. 

Objectives 

• To wash and centrifuge whole blood samples of HbA, HbAS and HbS. 

• To separate the required components of whole blood and store as appropriate. 
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2.1.2 Method 

Blood samples 

Sickle cell (HbS) and sickle cell trait (HbAS) blood samples were taken from patients at University 

Hospitals Coventry and Warwickshire (UHCW) by clinical care staff members of the ‘Sickle Cell 

Clinic’ in the haematology ward, as well as non-sickle cell (HbA) blood samples collected by 

clinical care staff members of the general wards. The blood was provided as anonymous samples 

and collected from the blood bank at UHCW immediately. All blood samples were collected in 

K2-EDTA (ethylenediaminetetraacetic acid) vacutainer tubes, to prevent coagulation, and 

refrigerated at 4ᵒC until use. Gatekeeper permission was granted by the Research and 

Development office at UHCW, to access anonymous patient blood samples. Ethical approval was 

also granted by CU Ethics for this work.  

Centrifugation cycles 

HbA, HbAS and HbS blood were centrifuged at 500 x g, for 10 minutes. Following this, a layer of 

plasma was observed above a lower layer of packed RBC. The plasma was carefully removed and 

aliquoted into microcentrifuge tubes, to be stored at -80ᵒC. An equal volume of 0.9% saline 

replaced the plasma and was used to wash the RBCs. Blood samples were inverted to mix and 

then centrifuged at 500 x g, for a further 10 minutes. The resultant supernatant was discarded, 

and the 0.9% saline wash step and centrifugation was repeated, to result in a total of 3 

wash/centrifuge cycles. The supernatant was again discarded, to leave only packed RBCs. 1X PBS 

was used to dilute the RBCs in a volume ratio of 1:4 and stored at 4ᵒC.    

Storage 

Frozen storage of plasma at -20°C maintains stability for approximately 1 year. Refrigerated 

storage of diluted packed RBCs maintains stability for approximately 7 days. If whole blood was 

required or if blood separation was not carried out immediately, samples were stored at 4ᵒC for 

48-72 hours.  

2.2 Optimisation of the use of a solvent to produce suitable oil solutions 

2.2.1 Introduction 

As a non-polar substance, oil is insoluble in water and therefore alternative solvents are required 

to reduce the viscosity of oil and form a solution suitable for investigations involving blood 

samples. Previously, the use of ethanol as a solvent specifically for black seed oil (Zainiyah, 
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Noviani and Hipni 2018) and tiger nut oil (Omale, Omale and Omadachi 2017), as well as studies 

using methanol (Azwanida 2015) and vegetable oil (Yara-Varón et al. 2017) as effective solvents 

for other natural compounds, warrants an investigation into their potentials as an optimum 

vehicle for the oils of interest in this study. Simultaneously, ensuring that the tested solvents 

would not have any negative effect on the viability of the erythrocytes was undertaken in this 

study. The rupturing of erythrocytes, known as haemolysis, would prevent any further testing 

on the oil-treated blood samples and so both the viscosity and observational lysis were 

determined, to produce an optimum oil for further in vitro testing. 

Aim 

To determine the most appropriate solvent to produce a soluble form of tiger nut oil and black 

seed oil, when mixed with blood samples in vitro.  

Objectives 

• To test a range of standard solvents with each oil of interest. 

• To test each solvent and oil with a whole blood sample. 

• To record observations of the physical state of the samples and to identify haemolysis 

that may have occurred.  

2.2.2 Method 

Various solvents were used to determine the optimum extract of solubilised tiger nut oil and of 

black seed oil, to be used as anti-sickling agents throughout the study. Initially, solvents tested 

were 100% vegetable oil, 60% methanol, 50% methanol and 100% ethanol. These 

concentrations of methanol were decided because it had been observed that 100% methanol 

caused lysis of RBCs. Tiger nut oil and black seed oil, separately, were combined in a 1:1 volume 

ratio with each solvent to be tested and briefly vortexed. Additionally, each oil and solvent 

mixture was also tested in a 1:1 volume ratio with whole blood, and briefly vortexed. 

Observations were made for each sample regarding the level of viscosity. 

2.3 Determining appropriate concentrations of oils and optimum incubation 

environment 

2.3.1 Introduction 

Testing a variety of concentrations of novel plant-based products in haematological studies is an 

important step to ensure the viability of the blood samples, before being able to identify the 
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efficacy and specific properties maintained by the products. Similar to a previous study by 

Ibraheem, Ahmed, and Hassan (2010), the concentrations of the oils were chosen as ten-fold 

dilutions. It is also necessary to ensure that the solvent used to reduce the viscosity of the oils 

would not have any effect on the blood samples, as this would produce misleading results 

regarding the specific effect of the oils.  

About the potential synergistic effect of combined tiger nut oil and black seed oil, it was 

important to produce working concentrations, to form a synergistic herbal product. This would 

aid the determination of whether synergy of tiger nut oil and black seed oil has a greater 

antioxidant effect than that of the individual oils. 

In addition, the incubation environment of the treated blood samples was tested at separate 

temperatures; 37°C matches the human body temperature (Manderson et al, 2019), whereas 

4°C (refrigerated) is the standard temperature for storage of blood samples (Wu, Li and Wang 

2017). Both have relevance when testing novel plant-based products for human use but 

establishing the most compatible environment for in vitro work involving sickle cell blood 

samples was required.   

Aims 

To determine viable concentrations of each oil and solvent when added to blood samples in 

vitro. Also, to determine the most appropriate environment for 1-hour and 24-hour incubation 

of treated blood samples.  

Objectives 

• To produce a stock solution and serial dilutions of each oil of interest, including tiger 

nut, black seed and synergy oil. 

• To incubate a set of identical blood samples treated in vitro with each concentration of 

the oils of interest, in a 4°C refrigerated environment and in a 37°C incubator.  

2.3.2 Method 

Stock and serial dilutions 

A stock solution of 10% tiger nut oil and 10% black seed oil were made by adding 100% ethanol 

and the oil in a 1:9 volume ratio. Serial dilutions were produced of each soluble oil sample, to 

produce 1% and 0.1% concentrations of tiger nut oil and black seed oil. 



Chapter two: Optimisation of N. sativa oil and C. esculentus oil for use in in vitro studies 

57 | P a g e  
 

In vitro treatment 

HbA whole blood was mixed in a 1:1 volume ratio with 0.1% tiger nut oil, 1% tiger nut oil and 

10% tiger nut oil, as well as 0.1% black seed oil, 1% black seed oil and 10% black seed oil, 

separately. Additionally, HbA blood was also mixed in a 1:1 volume ratio with 100% ethanol 

solvent. Each sample was then divided into two microcentrifuge tubes, to create an identical set 

of samples. One set of samples was incubated for 24 hours at 4°C, whilst the other set of samples 

was simultaneously incubated in a 37°C incubator. The following day, the samples were 

observed for lysis, and the viscosity of each sample was recorded.  

Control solutions 

0.9% saline was made using sodium chloride (Sigma Aldrich) and distilled water; this was used 

as a negative control for each study. The positive control maintained for many of the studies 

was made using α-tocopherol (Sigma Aldrich); 100% ethanol was used as the solvent to make a 

10% (v/v) stock solution. A further 1% solution and 0.1% solution were made as serial dilutions. 

This positive control was referred to as vitamin E during the study. In other studies, oleic acid or 

docosahexaenoic acid (DHA) were used as the positive control.  

Synergy oil 

Tiger nut oil and black seed oil were added in a 1:1 volume ratio and vortexed well. A 10% stock 

solution of synergy oil and 100% ethanol were mixed, in a 1:9 volume ratio. Serial dilutions were 

made to produce 1% and 0.1% synergy oil. In vitro treatment protocol was followed as above, 

by incubating each concentration of synergy oil with HbA whole blood to detect potential 

haemolysis. 

Storage 

The 0.9% saline solution, all oil solutions and positive control solutions were stored in a 

refrigerator at 4ᵒC, until needed. 

2.4 Results 

Following each mixture of individual tiger nut oil or black seed oil with the tested solvents, the 

viscosity was observed. The samples were then added to blood samples and observations were 

recorded regarding haemolysis, to determine the most appropriate solvent to use for in vitro 

testing of the oils. 
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Table 4. Initial solvents tested with tiger nut (TN) oil or black seed (BS) oil, followed by testing with blood sample; 

appearance is described based on the visual observation following mixing. 

It was decided that 100% ethanol would be continued to be tested due to the free-flowing 

nature of both tiger nut oil and black seed oil, in comparison to the visual results of methanol 

and the layer formation observed with vegetable oil.  

2.4.1 Optimum concentrations of oils and incubation environment 

Following incubation of a set of treated HbA blood samples, either at 4°C or 37°C for 24 hours, 

the physical state of each sample was recorded and photographed. The ethanol/oil samples 

were used as 10% (v/v), 1% (v/v) and 0.1% (v/v) treatments.  

 

 

 

 

 

 

Solvent Appearance of oil 

(100µl) + solvent 

(100µl) 

Appearance of oil + 

solvent (100µl) + blood 

(100µl) 

 

60% methanol 

Tiger nut oil Viscous Slightly free flowing 

Black seed oil Free flowing Free flowing 

 

50% methanol 

Tiger nut oil Slightly viscous Free flowing 

Black seed oil Free flowing Free flowing 

 

100% Vegetable 

oil 

Tiger nut oil Inadequate solubility: 

Separation of TN oil 

and vegetable oil 

Slightly free flowing 

Black seed oil Inadequate solubility: 

Separation of BS oil 

and vegetable oil 

Slightly free flowing 

 

100% ethanol 

Tiger nut oil Free flowing Free flowing 

Black seed oil Free flowing Free flowing 
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Incubation at 4°C for 24 hours 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. HbA whole blood incubated with (i) 100% ethanol, (ii) 1% tiger nut oil, (iii) 10% tiger nut oil, (iv) 1% black seed 

oil, (v) 10% black seed oil.  

After removal from the refrigerated environment and brief vortexing, all blood samples 

remained free-flowing, with no lysis visible (figure 3). However, the samples incubated with 10% 

(v/v) oils had a slightly higher degree of viscosity than identified in 1% (v/v) samples, especially 

after samples had rested at room temperature.  

 

 

i. ii. iii. 

iv. v. 
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Incubation at 37°C for 24 hours 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. HbA whole blood incubated with (i) 100% ethanol, (ii) 1% tiger nut oil, (iii) 10% tiger nut oil, (iv) 1% black seed 

oil, (v) 10% black seed oil. 

After removal from the 37°C incubator and brief vortexing, the 1% (v/v) tiger nut oil sample was 

in a liquid state with no lysis visible (figure 4ii). However, the 10% tiger nut oil sample appeared 

to show lysis of the erythrocytes, identified through the solid state and turbidity of the sample 

(figure 4iii). The remaining samples also appeared to show lysis of the erythrocytes through the 

same observational markers. This contrasted the results observed following 4°C incubation 

(figure 3).  

2.5 Discussion 

It has been found that black seed oil is soluble in ethanol, methanol, hexane and chloroform (Al-

Jumaily and Al-Jumaily 2015). Fatty acid composition was not significantly altered between the 

i. 
ii. 

v. 

iii. 

iv. 
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various solvent-extracted black seed oils (Al-Jumaily and Al-Jumaily 2015). Regarding tiger nuts, 

ethanol has been used previously to produce extracts for use in liver function in vivo studies 

using albino wistar rats (Peter, Bestman, and Nwoke 2015). It has also been found that the use 

of ethanol as a solvent for sunflower oil resulted in a 38% increase in total tocopherols and 

phospholipids in the extract, compared to using hexane as the solvent (Baümler, Carrín, and 

Carelli 2016). As a focus of this study is the antioxidant potential of the natural oils, the retention 

of established antioxidant compounds such as fatty acids and α-tocopherol are important. 

Phospholipids have been shown to assist in the antioxidant function of α-tocopherol (Lee and 

Choe 2011). This is due to the conversion of oxidised tocopherols into normal state tocopherols, 

able to prevent the oxidation of further healthy molecules (Samdani, McClements, and Decker 

2018). Because of this, the retention of phospholipids when identifying an appropriate solvent 

to use with black seed oil and tiger nut oil is of value.  

Ethanol is non-toxic and is a product of natural fermentation (Ferreira-Dias, Valente, and Abreu 

2003). The reduced environmental risk of using ethanol, rather than a traditional alternative 

such as hexane which is a product of petrochemical processes, has increased its popularity as a 

solvent for oil. Similarly, in a previous study of potential plant-based herbal medicines, methanol 

extracts of Psidium guajava showed greater antioxidant activity than aqueous extracts 

(Azwanida 2015). Additionally, the use of 70% methanol as a solvent for Cosmos caudatus 

exhibited high flavonoid content (Azwanida 2015); flavonoids are phenolic compounds in plants, 

with radical scavenging ability (Pietta 2000). The additional tested product, vegetable oil, is 

known as a ‘green’ renewable compound, readily available to be used for oil extraction and 

formulation (Yara-Varón et al. 2017). The non-volatility and organic nature of vegetable oil 

explains its use as far back as Ancient Egyptian times where plants would be introduced for 

medicinal purposes, using vegetable oil as the solvent (Yara-Varón et al. 2017). The results of 

the current study identified ethanol to be the most appropriate solvent to use for tiger nut oil 

and black seed oil, backed by the environmental stability and popularity of its use. 

The viability of the HbA blood samples following incubation at 4°C was much greater than that 

of the blood samples incubated at 37°C. Whilst 37°C maintains clinical relevance, due to 

equivalence to human body temperature, the observed state of the treated blood samples 

deemed this environment unfeasible for in vitro studies utilising the solubilised oils of interest. 

Use of a lower concentration of the oils would not have possessed worthwhile antioxidant 

activity, plus an incubation environment of 4°C allowed for a longer lifespan of the blood 
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samples. Additionally, the results of each concentration shown of both tiger nut oil and black 

seed oil were similar; solubilised solutions of oil and blood samples were produced.  

Following identification of the most appropriate solvent, optimisation could be continued by 

highlighting viable concentrations of oils to be used with blood samples. The risk of erythrocyte 

haemolysis, caused by the addition of the in vitro oil treatments, should be minimal to preserve 

the quality of blood samples and to prevent distortion of study results. Black seed oil has been 

used in in vivo clinical trials at a range of doses, for a variety of clinical disorders. When given to 

healthy participants at a dose of 5ml/day, there were no adverse effects reported in regards to 

liver, kidney or gastrointestinal function (Tavakkoli et al. 2017). Black seed oil (taken from 0.7g 

of seeds) given to participants with type 2 diabetes, showed liver and kidney safety, as well as 

no effect on platelet or leukocyte counts (Tavakkoli et al. 2017). In addition, dosages of oil from 

0.05ml/kg/day, to 5ml/day exhibited no adverse effects, with the exception of some cases of 

nausea and bloating (Tavakkoli et al. 2017). These clinical trials had been undertaken on 

participants with respiratory, skeletal, gastrointestinal, reproductive, dermatological, obesity, 

hypertensive, metabolic or infectious issues, but there have been no clinical trials involving 

participants with sickle cell anaemia orally consuming black seed oil. However, an in vitro study 

into the pharmacological action of black seed oil on sickle cells found that 0.1% (v/v) oil had the 

greatest anti-sickling effect (80% reduction), followed by 0.5% (v/v), whilst the 0.01% (v/v) 

extract had no effect (Ibraheem, Ahmed, and Hassan 2010).  

Tiger nut oil has been less investigated in respect to therapeutic benefits for a variety of 

disorders, compared to black seed oil. When used in an in vivo study, focusing on haematological 

and liver function parameters in healthy albino rats treated with 0.1ml/kg/day or 0.5ml/kg/day 

of tiger nut oil (Hassan 2007), it was found that renal function was maintained positively, as well 

as normal serum electrolyte concentrations and a slight increase in haematological values (RBCs, 

WBCs, PLTs) (Hassan 2007). In terms of in vitro research, methanolic and aqueous extracts of 

tiger nut have been used to determine efficacy of reducing HbS polymerisation of sickle cell 

samples; the extracts used were 100%, 50% and 20% (Monago and Uwakwe 2009). It was found 

that the 100% methanolic extract was most effective at reducing HbS polymerisation (Monago 

and Uwakwe 2009). However, a lack of extensive research into tiger nut oil concentrations in 

both in vivo and in vitro studies provided justification for using the same concentrations of 0.1% 

(v/v), 1% (v/v) and 10% (v/v) ethanolic tiger nut oil, as used for ethanolic black seed oil extracts, 

to identify the risk of haemolysis. 
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Based on these previous findings, it was decided to use 0.1% (v/v) as the lowest concentration 

in in vitro assays, but also to increase the concentration to test 1% (v/v) and 10% (v/v). This was 

to determine anti-sickling efficacy as well as identify the risk of haemolysis of sickle and non-

sickle samples. The 0.1% (v/v) oil samples matched the viability results of HbA blood treated 

with 1% (v/v) (figures 3i, 3iii, 4i and 4iii). The 10% (v/v) oil solutions incubated with the blood 

samples were solubilised, but the viscosity of the resultant blood sample was deemed 

inappropriate for the majority of testing. HbS samples followed the same pattern of oil/blood 

viability, as recorded for HbA samples. Similarly, incubation of blood samples with 10% (v/v) 

synergy oil resulted in lysis of cells and samples and were deemed non-viable for further use 

(figures not shown). Therefore, 1% (v/v) and 0.1% (v/v) synergy oils were also used in the ensuing 

studies. 

For the remainder of the study, incubation of in vitro treated blood samples was undertaken in 

a 4°C refrigerator (unless otherwise stated), and the blood samples were treated with 0.1% (v/v) 

and 1% (v/v) solutions of each oil (unless otherwise stated).  
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Chapter three: Determining the in vitro antioxidant capacity of N. 

sativa and C. esculentus oils, using a range of assays 

 

3.1 Phenol content assay  

3.1.1 Introduction 

Phenolic compounds comprise a phenolic group and are primarily found in plants, including 

fruits, vegetables, herbal extracts and spices. For this reason, they are a standard part of the 

human diet and are of medicinal interest due to the antioxidant, antimicrobial and 

anticarcinogenic properties bestowed upon them (Herrero 2018). The chemical structure of 

naturally occurring phenolics comprise of at least one benzene ring with one or more hydroxyl 

groups (Bhattacharya, Sood, and Citovsky 2010); due to the wide range of chemical structures, 

there are a substantial number of phenolic compounds, ranging from simple phenolic acids to 

more complex flavonoids, present in plant species. One of the main roles of phenols in plants is 

their contribution to colour and taste, but they have also been exploited for industrial and 

pharmaceutical purposes such as producing dyes and plastics, and producing antiseptics and 

disinfectants (Herrero 2018) (Lee 2000). More importantly, phenolic compounds provide plants 

with powerful antioxidant properties, which in turn leads to the reduction of lipid oxidation 

(Minatel et al. 2017), as well as the role of phenolics in UV protection against high levels of 

sunlight towards plants (Lefebvre, Millery-Vigues and Gallet 2016).   

It has been highlighted through recent research that the primary antioxidant function of 

phenolics is the inhibition of LDL oxidation (López 2003). For example, it was found that the 

polyphenolic flavonoid resveratrol is more effective as an antioxidant at reducing LDL oxidation 

than vitamin E (Frankel, Waterhouse, and Kinsella 1993). Resveratrol is found in red wine, tea, 

various fruits and herbal plants (López 2003). Whilst utilising the powerful antioxidant effects of 

flavonoids have mainly been aimed towards coronary heart disease (CHD) (López 2003), it is 

equally possible that these compounds will be effective in other oxidative stress disorders, 

including sickle cell anaemia. This justifies studying the phenol content of herbal products, such 

as tiger nut oil and black seed oil, to contribute to an overview of their antioxidant potential.  

Phenolic content is standardly measured using the Folin-Ciocalteu method; this uses the process 

of oxidation-reduction through electron transfer from the phenolic compounds present 
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(Ainsworth and Gillespie 2007). Folin-Ciocalteu is yellow/green in colour and consists of 

phosphomolybdic/phosphotungstic acid complexes. Reaction with phenolic compounds are 

required to reduce the phosphomolybdic/phosphotungstic acid complexes and result in a colour 

change to blue sample. This therefore suggests the reductive capacity of the antioxidant and can 

be measured spectrophotometrically. This method has been used to determine phenol content 

of numerous plant-based products, including ethanolic extract of Azadirachta indica (Neem 

tree) (Hossain et al. 2014), methanolic extracts of green, yellow and black tea (Kopjar, Tadić, and 

Piližota 2015) and olive oil (Houshia et al. 2014). Additionally, the Folin-Ciocalteu method of 

phenolic quantification has been used for tiger nut milk analysis (Badejo, Damilare, and Ojuade 

2014). Tiger nut milk was compared to tiger nut milk with extracts of ginger, hibiscus and 

moringa; the results found high total phenolic content for all extracts, but significantly with tiger 

nut milk and hibiscus extract (Badejo, Damilare, and Ojuade 2014). Methanolic extracts of tiger 

nut tubers have also been studied using Folin-Ciocalteu method and it was found that roasted 

tiger nut tubers produced a higher phenolic result than dry and raw tubers (Ogunlade, Adeyami, 

and Aluko 2015). Hydro-distilled black seeds have also been measured using the Folin-Ciocalteu 

method, where it was identified that environmental conditions and agricultural techniques may 

be responsible for varying phenolic contents of seed samples (Singh et al. 2014). Ethanolic 

extracts of black seeds have also been assayed for their phenolic content, based on their 

traditional use in Northern Iran (Mazandarani 2015). It was summarised that the high total 

flavonoid and total phenol contents of the seeds indicated effective free radical scavenging 

activity (Mazandarani 2015). In all identified studies using Folin-Ciocalteu method, gallic acid 

was used as the known standard to create a calibration curve. The use of a phenolic positive 

control was included in the current study, utilising the medium-high phenol content of oleic acid 

(Montaño et al. 2016). Oleic acid has been associated with high oxidative stability, which is a 

valuable factor to consider in a phenol assay as oxidative stability is correlated to resistance to 

oxidation; this resistance is maintained due to the antioxidant capacity of the substance (Zanetic 

et al. 2014). Oleic acid is also a primary constituent of olive oil, a source of major phenolic 

compounds and therefore antioxidant activity. 

It is possible that as there are thousands of phenolic compounds, due to the varying complexity 

of aromatic ring and hydroxyl group structures, and each group of phenols may have different 

antioxidant potentials (Palacios et al. 2011). This would mean that the total phenolic content 

may not always correlate with the antioxidant capacity measured. Also, this method is not 
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wholly specific to polyphenols (Kopjar et al. 2009), but it is widely established as a solid method 

to provide an approximate value of phenolic content.  

Aim 

To determine the total phenolic content of tiger nut oil and black seed oil, using the Folin-

Ciocalteu assay.  

Objectives 

• To produce Fiolin-Ciocalteu solutions, including 1% tiger nut oil, 1% black seed oil and 

1% synergy oil, as test samples. 

• To produce Fiolin-Ciocalteu solutions, including oleic acid, as a phenolic positive control. 

• To produce a range of gallic acid standards to produce a calibration curve. 

• To take absorbance readings of all samples. 

• To calculate the phenolic content of each sample using a standard curve of absorbance 

vs. gallic acid concentrations. 

• To show the phenol content, expressed as gallic acid equivalent (GAE), of each sample 

as a graph representation. 

3.1.2 Method 

Gallic acid standards 

Gallic acid stock solution was made by mixing 0.5g of gallic acid with 10ml of pure ethanol and 

adding distilled water to a total volume of 100ml. Standards were made as follows: 0ml, 1ml, 

2ml, 3ml, 5ml and 10ml of gallic acid stock solution; these were each made up to 100ml with 

distilled water to produce concentrations of 0, 50, 100, 150, 250 and 500mg/l gallic acid.  

Sodium carbonate solution 

Sodium carbonate solution was prepared by dissolving 200g of sodium carbonate in 1 litre of 

distilled water, to produce 20% solution.  

Fiolin-Ciocalteu protocol 

Each oil sample (5g) was extracted with 100% ethanol. Into a cuvette, 20µl of a standard, oil 

sample or control was added to 1058µl of distilled water and 100µl of Fiolin-Ciocalteu reagent 

(2N, Sigma Aldrich). The solution was mixed and left for 5 minutes at room temperature. 

Following this, 300µl of 20% sodium carbonate was added and mixed. This was left at room 
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temperature in the dark, for 60 minutes. The absorbance of the sample was measured at 765nm 

on a spectrophotometer, using the 0ml gallic acid standard as the blank.  

Calculations 

The absorbance results from the gallic acid standards were plotted as a calibration curve and 

used to determine the phenolic content of each test sample as GAE.  

Statistical analysis 

The mean average of each sample was calculated and shown as mean ± SE. A one-way ANOVA 

and Tukey post-hoc statistical analysis was undertaken on the results, to determine statistical 

significance. SPSS (IBM, version 21) was used for statistical analysis. 

3.2 DPPH scavenging activity  

3.2.1 Introduction 

Establishing the antioxidant potential of novel products is best achieved through a variety of 

assays. One of these methods is to use the DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) free 

radical, an organic nitrogen radical, to measure the scavenging ability of potential antioxidants. 

DPPH has an unpaired electron but the relevance of its use in an antioxidant assay is due to the 

fact that it is a stable free radical; this stability is a result of the unpaired electron being 

delocalised in nature and so the electron is not limited to a single atom of the DPPH molecule 

(Kedare and Singh 2011). In the presence of an antioxidant, electron transfer can occur to 

stabilise DPPH into its reduced form (Garcia et al. 2012). This can be seen visually as a colour 

change from purple (DPPH radical) to yellow (reduced DPPH) (Garcia et al. 2012). The degree of 

colour change correlates to the strength of the antioxidant, in regard to how many electrons 

have been successfully paired. This is quantified through decreasing absorbance of 

spectrophotometry readings (Kedare and Singh 2011). The DPPH assay is especially sensitive for 

single electron transfer (SET) and hydrogen atom transfer (HAT) reactions, as seen in radical 

scavenging; additionally, this assay has the advantages of ease of use and speed.  

This method is appropriate for the tiger nut oil and black seed oil samples used in this study as 

it has previously been used for natural products in a wide variety of solvent systems – ethanol, 

methanol and aqueous alcohol included (Kedare and Singh 2011). Additionally, it is an 

established method of antioxidant activity for natural products such as wheat, vegetables and 

most importantly, olive oil and edible seed oils (Kedare and Singh 2011) (Parry et al. 2005). 
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Another advantage of the DPPH assay as a form of antioxidant measurement is that it is 

commercially ready to use, unlike the ABTS assay where the radical must be initially generated 

in the reaction (Cerretani and Bendini 2010). Furthermore, DPPH has greater selectivity for 

hydrogen-donating donors than ABTS, and so hydrogen-donor antioxidants are more likely to 

be acknowledged (Cerretani and Bendini 2010).    

The DPPH inhibition capacity of tiger nut milk extract has previously been determined and 

showed high antioxidant capacity (Badejo, Damilare, and Ojuade 2014). Similarly, tiger nut flour 

has been found to possess high antioxidant potential, through DPPH assay results; wheat flour 

mixtures (10% tiger nut flour and 5.33% tiger nut flour) produced a higher DPPH inhibition % 

than control wheat flour, with significant difference (Bamigbola, Awolu, and Oluwalana 2016). 

The efficacy of tiger nut milk and tiger nut flour as DPPH radical scavengers provides justification 

into studying the potential antioxidant ability of tiger nut oil, through quantitative evaluation of 

DPPH inhibition.  

Similarly, black seeds have also been investigated for their antioxidant potential using the DPPH 

assay. Powdered black seed has been analysed in a study, alongside powdered grape extract (El-

Beshbishy, Mohamadin, and Abdel-Naim 2009). The black seed sample showed a greater DPPH 

inhibition % than the grape sample and it was summarised that this was due to the stronger 

reducing power of black seeds (El-Beshbishy, Mohamadin, and Abdel-Naim 2009). Identification 

of strong DPPH scavenging ability by powdered black seed extracts with various solvents was 

also achieved and compared to the essential oil of black seeds (Islam et al. 2012). It was found 

that the black seed oil had a greater DPPH scavenging capacity than the seed extracts (Islam et 

al. 2012). However, the essential oil was isolated using sodium sulphate and so DPPH evaluation 

of ethanolic black seed oil in this study is warranted and promising, particularly based on the 

positive antioxidant findings of previous studies into black seeds in oil and powder form. 

Aim 

To determine the antioxidant activity of tiger nut oil and black seed oil, using the DPPH free 

radical assay. 

Objectives 

• To produce DPPH reaction mixtures, including 0.1% tiger nut oil, 1% tiger nut oil, 0.1% 

black seed oil, 1% black seed oil, 0.1% synergy oil and 1% synergy oil, as test samples. 

• To produce DPPH reaction mixtures, including 0.9% saline as negative control.  
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• To produce a range of gallic acid positive standards. 

• To take absorbance readings of all samples. 

• To calculate DPPH radical scavenging activity as a percentage, using the absorbance 

values.  

• To show the antioxidant activity, expressed as % DPPH radical scavenging activity, of 

each oil of interest as a graph representation. 

3.2.2 Method 

DPPH solution 

200µM DPPH was produced by dissolving 0.003942g DPPH in 50ml methanol. 

DPPH and tested oils 

In a cuvette, 500µl of 200µM DPPH was added to 470µl of methanol, as DPPH is insoluble in 

water. Also added was 30µl of 0.9% saline, as untreated negative control. The solution was 

mixed and left to incubate at room temperature in the dark for 30 minutes, due to the light 

sensitivity of DPPH. To quantify the discolouration of the DPPH free radical, and therefore the 

reducing ability of the antioxidants, the sample was read on a spectrophotometer at 517nm. 

The protocol was repeated for the test samples, with 0.1% tiger nut oil, 1% tiger nut oil, 0.1% 

black seed oil, 1% black seed oil, 0.1% synergy oil and 1% synergy oil, each used in place of 0.9% 

saline. Corresponding concentrations of gallic acid were used as standards and replaced the 

volume of untreated control.  

Calculations 

The absorbance values were used to calculate DPPH radical scavenging activity as a percentage, 

as shown in equation 1. 

DPPH radical scavenging activity (%) =  

((absorbance of untreated control – absorbance of sample)/absorbance of control) x 100 

 

Equation 1. Calculation to determine sample DPPH radical scavenging as a percentage. 

Statistical analysis 
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The mean average of each sample was calculated and shown as mean ± SE. A one-way ANOVA 

and Tukey post-hoc statistical analysis was undertaken on the results, to determine statistical 

significance. SPSS (IBM, version 21) was used for statistical analysis. 

3.3 ABTS (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonate)/TEAC (Trolox 

equivalent antioxidant capacity) antioxidant assay 

3.3.1 Introduction 

The Sigma Aldrich antioxidant assay kit is based on the ABTS (2,2’-azinobis-(3-

ethylbenzothiazoline-6-sulfonate)), or Trolox equivalent antioxidant capacity (TEAC), assay. In 

this test, a reaction between myoglobin and hydrogen peroxide leads to the generation of a 

ferryl myoglobin radical. This radical then oxidises the ABTS substrate to form a further radical, 

ABTS•+ (Opitz et al. 2014). This cationic chromophore is distinct due to its green colour and can 

be spectrophotometrically detected at 405nm. However, antioxidants can act as radical 

scavengers and reduce the ABTS•+ radical through electron transfer (Cerretani and Bendini 

2010). Antioxidant potential can be determined through decreasing colour intensity and 

consequently, the decreasing absorbance of the tested sample. Trolox is a water-soluble 

analogue of α-tocopherol and is most commonly used as the standard in an ABTS assay; the 

results of the tested samples are also expressed as TEAC (Cerretani and Bendini 2010). An 

advantage of using ABTS is that it is soluble in aqueous and organic solvents (Cerretani and 

Bendini 2010). Therefore, there are a wide range of antioxidants that can be tested, either 

hydrophilic or lipophilic in nature.  

The Sigma Aldrich antioxidant assay kit has been used in several studies leading to peer reviewed 

publications. Research into how oxidative stress affects epigenetic changes used the assay kit to 

identify whether knockdown of an epigenetic regulator (the methyl-CpG-binding protein 

ZBTB38) in HeLa cells would affect the antioxidant activity of the cells (Miotto et al. 2018). The 

results of the Sigma Aldrich assay kit found that there was no difference between the control 

cells and the ZBTB38-depleted cells, regarding antioxidant activity (Miotto et al. 2018). In 

another study, the effect of age on mesenchymal stem cells (MSCs) was investigated, with a 

focus on antioxidant capacity (Kasper et al. 2009). The Sigma Aldrich assay kit was used 

according to manufacturer protocol, to determine the antioxidant potential of both old MSCs 

and young MSCs (Kasper et al. 2009). The results found that there was a significant decrease in 

antioxidant activity in the old MSCs compared to the young MSCs, tested under the same 
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conditions. Both studies show the effectiveness of the kit in determining TEAC values in in vitro 

research.  

The simplicity of the assay and ease of ABTS•+ detection has led to its popularity in research for 

establishing antioxidant capacity, especially within herbal medicine. A study investigating the 

antioxidant activity of eight plants from the families Lamiaceae, Apiaceae and Asteraceae, was 

undertaken based on the use of the plants as traditional remedies in the Balkan Peninsula 

(Stanković et al. 2016). Methanolic extracts of the plants were tested using the ABTS 

decolourisation assay and Trolox was used as the reference standard. Results were expressed as 

mM Trolox equivalent (TE) and allowed significant differences in antioxidant activity to be 

identified between each plant extract.  

ABTS assay has also been used when studying tiger nut and its products. For example, the 

Valencian tiger nut milk beverage “Horchata de Chufa” was tested to determine its ability to 

scavenge ABTS radical cations (Roselló-Soto et al. 2018). The linear regression of Trolox 

standards allowed the tested tiger nut samples to be expressed as µM TE. Various dilutions of 

the “Horchata de Chufa” beverage were tested and the ABTS assay allowed the researchers to 

summarise that an increase in ethanol extract concentration correlated with antioxidant activity 

(Roselló-Soto et al. 2018). An in vitro study utilising the ferryl myoglobin/ABTS•+ method was 

also carried out on methanolic extracts of black seeds of Yemen origin (Alzoreky and Nakahara 

2001). Results were expressed as mM TEAC based on the calibration curve of Trolox results and 

allowed twenty-one different plant extracts to be tested; this shows the effectiveness of this 

assay even with large samples. It was noted by the researchers that the TEAC results correlated 

with the total phenol content results of the extracts, also establishing the reliability of the assay 

(Alzoreky and Nakahara 2001).  

The use of the TEAC method on human plasma samples to determine antioxidant status has 

previously been used in research focusing on dietary antioxidants. For example, it was found 

that plasma antioxidant capacity can be increased by the introduction of dietary exogenous 

antioxidants, such as ascorbic acid and α-tocopherol (Nälsén et al. 2006). In the current study, 

tiger nut oil and black seed oil are viewed as potential antioxidant dietary supplements and so 

investigating their effect on plasma antioxidant capacity is reasonable. Despite these findings, 

studies into the antioxidant potential of tiger nut oil and black seed oil are limited, especially 

using ABTS assay alongside DPPH. Therefore, there is a necessity to undertake this in vitro study 

on the oils to greater determine their radical scavenging activity.  
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Aim 

To determine the antioxidant activity of HbA and HbS plasma samples, following treatment with 

tiger nut oil and black seed oil, using the ABTS/TEAC antioxidant assay. 

Objectives 

• To incubate HbA and HbS plasma samples with 0.1% tiger nut oil, 1% tiger nut oil, 

0.1% black seed oil, 1% black seed oil, 0.1% synergy oil and 1% synergy oil. 

• To incubate HbA and HbS plasma samples with 0.9% saline, as negative control. 

• To incubate HbA and HbS plasma samples with 1% vitamin E, as positive control. 

• To carry out an ABTS antioxidant assay of all samples. 

• To determine the Trolox equivalent antioxidant capacity (TEAC) of all samples, 

based on a Trolox standard curve. 

• To show the antioxidant activity, expressed as mM TEAC, of each sample as a graph 

representation.  

3.3.2 Method 

In vitro treatment 

Blood samples were received from UHCW as anonymous samples, taken from patients by clinical 

care staff members of the sickle cell clinic (HbS samples) and general wards (HbA samples), as 

explained in chapter 2.1.2. Gatekeeper permission from the Research and Development office 

of UHCW and ethical approval from CU Ethics were granted prior to study commencement. 

Following centrifugation of HbA and HbS samples, blood plasma of each haemoglobin type was 

retained. Separate plasma samples were treated, in a 1:1 ratio, with 0.1% tiger nut oil, 1% tiger 

nut oil, 0.1% black seed oil, 1% black seed oil, 0.1% synergy oil and 1% synergy oil, separately. A 

negative control was also made using 0.9% saline and a positive control made using 1% vitamin 

E. Samples were incubated for a period of 1 hour and 24 hours.  

Working solutions 

The 10x assay buffer was diluted 10-fold with ultrapure water, to be used as 1x assay buffer 

throughout the protocol. Trolox was reconstituted with 2.67ml of 1x assay buffer and vortexed 

thoroughly, to be used as 1.5mM Trolox working solution throughout the protocol. Myoglobin 

stock solution was reconstituted with 285µl of ultrapure water and vortexed. Myoglobin 

working solutions were made prior to use; stock solution was diluted 100-fold with 1x assay 
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buffer and vortexed. ABTS substrate solution was produced by mixing 1 ABTS tablet and 1 

phosphate-citrate buffer tablet with 100ml ultrapure water and vortexed.  

Trolox standards 

Trolox standards were made, as shown in table 5, using Trolox working solution and 1x assay 

buffer. Following incubation of the test and control plasma samples, 10µl of each sample or 

Trolox standard was added to individual wells of a 96-well plate. To this, 20µl of myoglobin 

working solution was also added to each well.  

 Trolox Working 

Solution (µl) 

Assay Buffer (µl) Trolox concentration 

(mM) 

1 0 500 0 

2 5 495 0.015 

3 15 485 0.045 

4 35 465 0.105 

5 70 430 0.21 

6 140 360 0.42 

Table 5. Trolox standards of increasing concentration. 

ABTS substrate 

ABTS substrate solution (10ml) was added to 3% hydrogen peroxide solution (25µl) to produce 

ABTS substrate working solution. Of this working solution, 150µl was applied to each well of the 

well plate containing plasma or Trolox samples and left to incubate at room temperature for 5 

minutes. Stop solution (2N H3PO4) (100µl) was added to each well, before readings were taken 

on a microplate reader at 405nm.  

Calculations 

From the results, averages were produced for each Trolox standard and a standard curve created 

(Trolox standard concentration (mM) vs. Trolox standard absorbance (nm)) using Microsoft 

Excel. The calculation shown in equation 2 was used to determine the antioxidant concentration 

of each tested sample.  
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Antioxidant concentration (mM) =  

((absorbance of test sample at 405nm) – Y axis intercept of standard curve) / standard curve 

gradient 

Equation 2. Calculation to determine sample TEAC (mM) based on Trolox standard curve. 

Statistical analysis 

The mean average of each sample was calculated and shown as mean ± SE. A one-way ANOVA 

and Tukey post-hoc statistical analysis was undertaken on the results, to determine statistical 

significance. SPSS (IBM, version 21) was used for statistical analysis. 

3.4 Fluorometric intracellular ROS detection assay  

3.4.1 Introduction 

Using a one-step fluorometric assay to measure the presence of ROS in RBC samples allows a 

rapid and reproducible test for ROS presence, particularly superoxide and hydroxyl radicals. In 

the Sigma Aldrich Fluorometric Intracellular ROS Kit, the ROS detection reagent consists of a cell-

permeable sensor, dihydroethidium (DHE). When incubated with the RBC samples for 1 hour, 

the sensor is oxidised by free radicals present in the cell sample and becomes a fluorescent 

product. When oxidised by superoxide radicals, dihydroethidium is converted into 2-

hydoxyethidium (2-OH-E+) (Griendling et al. 2016). However, when oxidised by hydroxyl radicals 

or hydrogen peroxide, the product is ethidium (E+) (Griendling et al. 2016). These products are 

detected as fluorescence intensity (relative fluorescence units - RFU) on a fluorescence 

microplate reader, excitation = 520/emission = 605 nm, and correlates to the extent of ROS 

present in the sample.  

The Sigma Aldrich ROS kit has been used in other studies, published in peer-reviewed papers. In 

a study focusing on the involvement of tumour necrosis factor receptor-associated protein 1 

(TRAP1) in tumour cell metabolism of ovarian cancer, the kit was used to detect ROS levels in 

cisplatin-resistant ovarian cancer cells (Matassa et al. 2016). The results from the assay kit 

allowed researchers to suggest that increased oxidative metabolism led to induced resistance 

of ovarian cancer cells to cisplatin, due to decreased TRAP1 levels; they also showed that this 

resistance was reversible following ROS scavenging (Matassa et al. 2016). Another in vitro study 

used the Sigma kit to compare ROS levels between pre- and post- treatment of samples, as will 

be undertaken in this current research. Relative fluorescence was determined for tumoral 

macrophages with and without exposure to either silver nanoparticles or graphene oxide-silver 
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nanoparticles (de Luna et al. 2016). Researchers were satisfied with the effectiveness of the kit, 

following a preliminary test using hydrogen peroxide to induce ROS, which was detected 

adequately by the kit reagents (de Luna et al. 2016). Use of the Sigma kit enabled the researchers 

to summarise that graphene oxide-silver nanoparticles showed earlier and greater toxicity 

towards the tumoral macrophages than the silver nanoparticles, following evaluation of 

oxidative stress over increasing concentrations and time points (de Luna et al. 2016).  

Regarding the use of DHE as a ROS detection reagent for blood samples, it has been used in a 

study focusing on oxidative stress in PLTs following a pathogen inactivation (PI) process (Johnson 

and Marks 2015). Dihydroethidium was used to specifically detect superoxide radicals, based on 

the presence of the resulting fluorescent 2-hydroxyethidium. The use of this fluorescent sensor 

allowed the researchers to summarise that the PLTs treated with PI showed greater oxidative 

stress following storage, than untreated PLTs (Johnson and Marks 2015). PLTs have a similar 

structure to erythrocytes as neither contain nuclei.  

The trusted use of the Sigma Aldrich Fluorometric Intracellular ROS Kit for effective detection of 

ROS levels in pre- and post- treatment samples justifies the use of this product in the current 

study. Identifying the amount of ROS present in samples treated with potential antioxidant 

products is wholly necessary to view the efficacy of the treatment as a ROS scavenger; this is 

especially important in a disorder where oxidative stress plays a contributory role to its 

pathophysiology, such as SCA. Vitamin E was used as a positive antioxidant control, to allow a 

comparison of the tested oil treatments against an established ROS scavenger. Similarly, oleic 

acid was included in the study as a positive phenolic control, to allow a similar comparison of 

post-treatment ROS levels with the tested oil treatments. This fatty acid has been shown 

previously to induce defence responses in ROS environments through the increased stimulation 

of antioxidant enzymes, such as superoxide dismutase and catalase (Xu et al. 2005).  

Aim 

To determine the ROS content of HbA and HbS erythrocytes, following treatment with tiger nut 

oil and black seed oil, using a fluorometric intracellular ROS assay.  

Objectives 

• To incubate HbA and HbS RBCs with 0.1% tiger nut oil, 1% tiger nut oil, 0.1% black 

seed oil and 1% black seed oil, followed by incubation of the samples with and 

without hydrogen peroxide (H2O2).  
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• To incubate HbA and HbS RBCs with 0.9% saline, as negative control, followed by 

incubation with H2O2 and without H2O2.  

• To incubate HbA and HbS RBCs with 1% vitamin E, as positive control, followed by 

incubation with and without H2O2.  

• To incubate HbA and HbS RBCs with 0.1% oleic and 1% oleic acid, as phenolic 

standard, followed by incubation with and without H2O2.  

• To carry out a fluorometric intracellular ROS detection assay of all samples. 

• To show the ROS content, expressed as RFU, of each sample as a graph 

representation.  

3.4.2 Method.  

In vitro treatment 

Diluted packed RBCs of HbA and HbS were treated in a 1:1 volume ratio with tiger nut oil, black 

seed oil, saline, vitamin E and oleic acid, separately. All samples were incubated for 24 hours at 

4°C. Following this, samples were transferred to a 96 well black microplate (Corning).  

ROS detection solution 

A master reaction mix of ROS detection reagent solution was made using 20µl ROS detection 

stock solution and 10ml assay buffer, as according to assay kit protocol. 100µl of master reaction 

mix was added to each well of the microplate, prior to incubation for 1 hour at 37°C, 5% CO2, as 

according to kit protocol.  

The microplate was measured using a fluorescence plate reader at λex = 520/ λem = 605nm. 

Hydrogen peroxide 

30% (w/w) H2O2 (Sigma Aldrich) was used as stock solution and working dilutions were made to 

produce 100µM (0.0001M) H2O2, using equation 3 and 4.  

Molarity of 30% (w/w) H2O2 solution: 

((30% purity/100) x (1.11 g/ml specific gravity x 1000)) / 34.01 g/mol = 9.79 M 

Equation 3. Calculation to identify molarity of 30% (w/w) H2O2. 

M1xV1 = M2xV2 was used to determine V1 for 100µM working dilution. 
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100µM working dilution of H2O2: 

9.79M x V1 = 0.0001M x 1000ml 

V1 = (0.0001M x 1000ml) / 9.79M 

V1 = 0.0102ml 

Equation 4. Calculation to produce 100µM of H2O2. 

Therefore, 10.2µl of 30% H2O2 solution was made up to 1000ml with distilled water. All dilutions 

were made immediately prior to use, to reduce risk of degradation of H2O2 

For the H2O2-induced ROS assay, 20µl of 100µM H2O2 was added to each well of tiger nut oil, 

black seed oil, oleic acid and vitamin E. The samples treated with 0.9% saline were split into two 

groups; the first group was mixed with 20µl of 100µM H2O2. The second group was not treated 

with H2O2 but 20µl of 1X PBS was added to produce equal volumes of all samples. All samples 

were incubated for 1 hour at 37°C, 5% CO2, as according to the assay kit protocol, to allow 

induction of oxidative stress.  

The microplate was measured using a fluorescence plate reader at λex = 520/ λem = 605nm.  

Statistical analysis 

The mean average of each sample was calculated and shown as mean ± SE. A one-way ANOVA 

and Tukey post-hoc statistical analysis was undertaken on the results, to determine statistical 

significance. SPSS (IBM, version 21) was used for statistical analysis. 

3.5 Results 

3.5.1 Phenol assay 

Phenols are known to comprise antioxidant properties, adequate to defend against oxidative 

stress in many affected disorders. The total polyphenolic values of the oils were determined 

using the Folin–Ciocalteu assay and quantified spectrophotometrically. This is a method that has 

been used for vast numbers of plant extracts, for a long period of time. Despite this, it should be 

noted that the Folin-Ciocalteu method produces an estimation of the total phenolic content. 

The use of gallic acid as a standard allowed test results to be expressed as mg gallic acid 

equivalent per g of oil (mg GAE/g oil). 
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Figure 5. Calibration curve of gallic acid; shown as mean ± SE, repeated in triplicate. The equation of the curve was 
used to determine GAE of tested oil samples. 

Figure 6. The concentration of polyphenols in tested samples of 1% oils, using the calibration curve of gallic acid, 
following Fiolin-Ciocalteu assay. TN = tiger nut oil, BS = black seed oil, SYN = synergy oil, OLEIC = oleic acid standard. 
Data shown as mean ± SE; repeated in triplicate. One-way ANOVA statistical analysis was undertaken: (nd) p > 0.05, 
non-significant difference. 
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Using the calibration curve of gallic acid (figure 5) to calculate the phenolic content of the tested 

1% (v/v) oils, it was shown in figure 6 that the lowest concentration of phenolics was in the 

synergy oil (3.1 ± 0.46 mg GAE/g oil), as this showed a lower value than TN and BS individually 

(3.32 ± 0.35 mg GAE/g oil and 3.64 ± 0.39 mg GAE/g oil, respectively). Black seed oil showed 

slightly greater phenolic content than tiger nut oil. All samples were marginally lower than the 

positive control; oleic acid produced the highest polyphenol content (4.05 ± 0.37 mg GAE/g oil). 

However, a statistically significant difference was not found between any of the treatment 

groups, as determined by one-way ANOVA (p = 0.409) (figure 6). This introduces the suggestion 

that statistically, the tested oil treatments had phenolic concentrations matching that of the 

positive control oleic acid.  

3.5.2 DPPH radical scavenging activity 

The reduction of the diphenyl-picrylhydrazyl (DPPH) radical, measured spectrophotometrically 

as decreasing absorbance at 517nm, was the primary determiner of radical scavenging activity 

of tested samples in this assay. The donation of an electron or hydrogen ion by an antioxidant 

compound to the DPPH radical produces a distinctive colorimetric reaction, transforming from 

purple to orange/yellow. The stability of DPPH allows its use in radical scavenging assays, to 

provide estimation of antioxidant potential.  

Figure 7. Free radical scavenging activity (DPPH) of tested oils at 0.1% (v/v) concentration (blue) and 1% (v/v) 
concentration (orange). TN = tiger nut oil, BS = black seed oil, SYN = synergy oil, GALLIC = gallic acid standard. Data 
shown as mean ± SE; repeated in triplicate. Tukey post-hoc statistical analysis was undertaken: (*) p < 0.05, (***) p 
< 0.001. Vertical line at the end of a bar represents the group for statistical comparison.  
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From the natural samples tested, varying DPPH radical scavenging activity results were found. 

Gallic acid was used as a positive control; the DPPH radical scavenging activity of 0.1% (v/v) gallic 

acid (96.84 ± 0.07%) and 1% (v/v) gallic acid (97.27 ± 0.04%) were statistically significantly 

greater than all treatments (p < 0.001), including 1% (v/v) black seed oil (84.23 ± 2.98%, p < 0.05). 

The 1% (v/v) concentrations of all oil treatments produced greater DPPH radical scavenging 

activity than their 0.1% (v/v) counterparts (synergy oil: 71.53 ±1.26% vs 58.97 ± 2.02%, p = 0.049) 

(tiger nut oil: 68.25 ± 1.77% vs 60.76 ± 1.37%, p = 0.471) (black seed oil: 84.23 ± 2.98% vs 61.11 

± 5.72%, p < 0.001). Black seed oil and synergy oil both showed statistical significance between 

the greater DPPH % of the 1% treatments than the 0.1% treatments. The 1% (v/v) black seed oil 

also showed statistically significantly higher DPPH radical scavenging activity than 0.1% (v/v) 

tiger nut oil, 1% (v/v) tiger nut oil and 0.1% (v/v) synergy oil, p < 0.001 for all. In addition to this, 

the 1% (v/v) black seed oil was statistically significantly greater than 1% (v/v) synergy oil (p = 

0.046).  

Whilst the samples tested did not have such a noticeable effect on scavenging free radicals as 

the positive control, the results denote the stronger antioxidant potential of 1% (v/v) black seed 

oil compared to the moderate activity of tiger nut oil and synergy oil, with suggested 

concentration-dependent efficacy for black seed oil and the synergy product.  

3.5.3 Trolox-equivalent antioxidant capacity (TEAC) 

The TEAC method of antioxidant determination was used on tiger nut oil and black seed oil. 

Additionally, this method was used on the HbA and HbS blood plasma samples, treated with the 

oils at concentrations of 0.1% (v/v) and 1% (v/v), following 1 hour and 24 hours of incubation. 

The use of the TEAC assay allows for the inclusion of a range of antioxidant compounds present 

in the natural, plant-based products.  
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Antioxidant capacity of tiger nut oil, black seed oil and synergy oil 

The result of a one-way ANOVA revealed that there was a statistically significant difference 

between all treatment groups (p<0.001). A Tukey post-hoc test showed that there was a 

statistically significant difference between the mean antioxidant concentration of the positive 

control (0.479 ± 0.017mM) and all other treatments (p < 0.001). The positive control showed a 

higher average TEAC value than 0.1% (v/v) tiger nut oil (0.044 ± 0.012mM), 1% (v/v) tiger nut oil 

(0.042 ± 0.013mM), 0.1% (v/v) black seed oil (0.1 ± 0.021mM), 1% (v/v) black seed oil (0.23 ± 

0.028mM), 0.1% (v/v) synergy oil (0.066 ± 0.011mM), 1% (v/v) synergy oil (0.115 ± 0.015mM) 

and the negative control (0.009 ± 0.007mM). The 1% (v/v) black seed oil and 1% (v/v) synergy 

oil were the only tested treatments that were significantly greater than the negative control (p 

< 0.001 and p = 0.016, respectively). However, 0.1% (v/v) black seed oil showed borderline 

statistical significance from the negative control (p = 0.055). Between concentrations of each 

treatment, the average antioxidant content of 1% (v/v) black seed oil was statistically 

Figure 8. The antioxidant capacity of 0.1% (blue) and 1% (orange) oil treatments. NEG CONTROL = saline negative 
control, TN = tiger nut oil, BS = black seed oil, SYN = synergy oil, POS CONTROL = 1% vitamin E positive control. Data 
shown as mean ± SE; n = 5. Tukey post-hoc statistical analysis was undertaken: (*) p < 0.05, (***) p < 0.001. Vertical 
line at the end of a bar represents the group for statistical comparison. 
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significantly higher than 0.1% (v/v) black seed oil (p < 0.001). However, there was insignificant 

difference between 0.1% (v/v) tiger nut oil and 1% (v/v) tiger nut oil (p = 0.999) and between 

0.1% (v/v) synergy oil and 1% (v/v) synergy oil (p = 0.511). The greater mean TEAC value of 1% 

(v/v) black seed oil was also found to be significantly higher than all other tested treatments (p 

< 0.001). It can be seen from these results that 1% (v/v) black seed oil has the greatest 

antioxidant capacity compared to the other tested plant-based oils, but additionally the 0.1% 

(v/v) black seed oil and 1% (v/v) synergy oil showed considerable average TEAC values. 

 

Effect of in vitro natural treatments on antioxidant capacity of HbA blood plasma 

  

Figure 9. The antioxidant capacity of HbA plasma samples treated with 0.1% (blue) and 1% (orange) oil treatments, 
following 1-hour incubation. NEG CONTROL = saline negative control, TN = tiger nut oil, BS = black seed oil, SYN = 
synergy oil, POS CONTROL = 1% vitamin E positive control. Data shown as mean ± SE; n = 5. Tukey post-hoc 
statistical analysis was undertaken: (*) p < 0.05, (**) p < 0.01, (***) p < 0.001. Vertical line at the end of a bar 
represent the group for statistical comparison. 
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The result of a one-way ANOVA revealed that there was a statistically significant difference 

between treatment groups after a 1-hour incubation period (p < 0.001) (figure 9). Following this, 

Tukey post-hoc analysis showed that there was significance between the positive control (0.419 

± 0.024mM) and the following treatments: 0.1% (v/v) synergy oil (0.31 ± 0.013mM, p = 0.002), 

0.1% (v/v) tiger nut oil (0.328 ± 0.022mM, p = 0.017) and the negative control (0.006 ± 0.002mM, 

p < 0.001). There was insignificant difference found between the positive control and 1% (v/v) 

synergy oil (0.374 ± 0.022mM, p = 0.606), as well as with 1% (v/v) tiger nut oil (0.362 ± 0.019, p 

= 0.299) and with 1% (v/v) black seed oil (0.38 ± 0.009mM, p = 0.751). There was a considerable 

trend toward significance between the positive control and 0.1% (v/v) black seed oil (0.342 ± 

0.016mM, p = 0.061). All tested treatments showed a statistically significantly higher mean TEAC 

value than the negative control (p < 0.001). A comparison of the oils showed that the highest 

average TEAC was found from 1% (v/v) black seed oil. As seen in figure 5, 1% (v/v) concentration 

of all tested oils produced a greater mean TEAC value than their 0.1% (v/v) equivalent. However, 

Figure 10. The antioxidant capacity of HbA plasma samples treated with 0.1% (blue) and 1% (orange) oil treatments, 
following 24-hour incubation. NEG CONTROL = saline negative control, TN = tiger nut oil, BS = black seed oil, SYN = 
synergy oil, POS CONTROL = 1% vitamin E positive control. Data shown as mean ± SE; n = 5. Tukey post-hoc 
statistical analysis was undertaken: (*) p < 0.05, (**) p < 0.01, (***) p < 0.001. Vertical line at the end of a bar 
represents the group for statistical comparison. 
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analysis of the different concentrations of each treatment showed that there was no significant 

difference between the average antioxidant capacity of 0.1% (v/v) and 1% (v/v) synergy oil (p = 

0.186), nor 0.1% (v/v) and 1% (v/v) tiger nut oil (p = 0.876), or 0.1% (v/v) and 1% (v/v) black seed 

oil (p = 0.765), in HbA treated plasma samples following 1 hour of incubation. The results indicate 

that 1-hour in vitro treatment of non-sickle blood with each oil resulted in a greater antioxidant 

capacity than untreated blood; additionally, the 1% (v/v) extracts of the oils showed results 

equivalent to that of the positive control in this study. 

Following a 24-hour incubation period, the treated HbA plasma samples underwent TEAC 

measurement also, with the results shown in figure 10. As seen with the 1-hour incubation 

samples, a statistically significant difference between treatment groups was identified (p < 

0.001). All oil treatments formed greater TEAC values than the negative control (0.0029 ± 

0.004mM), with Tukey post-hoc analysis showing this to be statistically significant (p < 0.001). 

Results also showed that the mean TEAC value of the positive control (0.329 ± 0.014mM) was 

greater than and statistically significantly different to that of 0.1% (v/v) synergy oil (0.186 ± 

0.022mM, p = 0.008) and 0.1% (v/v) tiger nut oil (0.208 ± 0.037mM, p = 0.037). Non-significance 

was observed between the mean TEAC values of the positive control and treatments including 

1% (v/v) synergy oil (0.246 ± 0.014mM, p = 0.319), 1% (v/v) tiger nut oil (0.259 ± 0.027mM, p = 

0.533) and 1% (v/v) black seed oil (0.304 ± 0.041mM, p = 0.996). There was a distinct trend 

toward significance between the positive control and 0.1% (v/v) black seed oil (0.217 ± 

0.024mM, p = 0.065). Alike to the results post-1-hour incubation, figure 6 shows that the 

greatest average TEAC result was identified from 1% (v/v) black seed oil. The concentrations of 

treatments did not show significant difference between 0.1% (v/v) and 1% (v/v) for the synergy 

oil (p = 0.719), tiger nut oil (p = 0.837) or for black seed oil (p = 0.272). These results match that 

of 1-hour incubation, by suggesting that 24 hours in vitro treatment of non-sickle blood with 

each oil of interest results in a greater antioxidant capacity than the negative control. 

Furthermore, the high antioxidant capacities assigned to 1% (v/v) oil extracts were akin to that 

of the positive control.  
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Effect of in vitro natural treatments on antioxidant capacity of HbS blood plasma 

 

 

 

 

 

 

 

 

Figure 11. The antioxidant capacity of HbS plasma samples treated with 0.1% (blue) and 1% (orange) oil treatments, 
following 1-hour incubation. NEG CONTROL = saline negative control, TN = tiger nut oil, BS = black seed oil, SYN = 
synergy oil, POS CONTROL = 1% vitamin E positive control. Data shown as mean ± SE; n = 5. Tukey post-hoc 
statistical analysis was undertaken: (*) p < 0.05, (***) p < 0.001. Vertical line at the end of a bar represents the 
group for statistical comparison. 
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Sickle plasma samples produced a significant difference between the mean TEAC values of all 

treatments, following 1-hour incubation (p < 0.001) (figure 11). Following the ANOVA result, a 

Tukey post-hoc test was carried out to determine significance between the mean TEAC values 

of each group. All the tested in vitro oil treatments resulted in higher TEAC values than the 

negative control (0.003 ± 0.002mM, p < 0.001). The greatest mean value was produced from the 

positive control (0.415 ± 0.011mM), as expected. A statistically significant difference was found 

between the positive control and the following treatments: 0.1% (v/v) synergy oil (0.281 ± 

0.029mM, p = 0.021) and 0.1% (v/v) tiger nut oil (0.283 ± 0.051mM, p = 0.024). There was non-

significance found between the positive control and 1% (v/v) synergy (0.400 ± 0.023mM, p > 

0.999), 1% (v/v) tiger nut oil (0.356 ± 0.025mM, p = 0.752), 0.1% (v/v) black seed oil (0.311 ± 

0.021mM, p = 0.133) and 1% (v/v) black seed oil (0.377 ± 0.023mM,p = 0.369). The most notable 

mean TEAC result was produced from 1% (v/v) synergy oil, contrasting the result observed for 

Figure 12. The antioxidant capacity of HbS plasma samples treated with 0.1% (blue) and 1% (orange) oil treatments, 
following 24-hour incubation. NEG CONTROL = saline negative control, TN = tiger nut oil, BS = black seed oil, SYN = 
synergy oil, POS CONTROL = 1% vitamin E positive control. Data shown as mean ± SE; n = 5. Tukey post-hoc 
statistical analysis was undertaken: (*) p < 0.05, (**) p < 0.01, (***) p < 0.001. Vertical line at the end of a bar 
represents the group for statistical comparison. 



Chapter three: Determining the in vitro antioxidant capacity of N. sativa and C. esculentus oils, 
using a range of assays 

87 | P a g e  
 

HbA plasma (figures 9 and 10). Analysis between the concentrations of each treatment showed 

that there was a near-significant trend between 0.1% (v/v) and 1% (v/v) synergy oil (p = 0.056). 

However, there was no statistical difference between the mean TEAC values of 0.1% (v/v) and 

1% (v/v) tiger nut oil (p = 0.523), nor between 0.1% (v/v) and 1% (v/v) black seed oil (p = 0.637), 

in HbS treated plasma samples following 1 hour of incubation. This has shown that SCA samples 

incubated with the oils encourage greater antioxidant potential than untreated samples; 

alongside this, 1% (v/v) extracts of all three oils and 0.1% (v/v) extract of black seed oil produce 

results comparable to those found from the positive control.  

Figure 12 shows the average antioxidant capacity results of the treated sickle plasma samples 

post 24-hour incubation period. As seen with 1-hour incubation, the result of a one-way ANOVA 

found that there was a statistically significant difference between treatment groups (p<0.001). A 

Tukey post-hoc test was used to show honest significant difference (HSD) between each 

treatment group. All treatments showed a statistically significant increase in antioxidant 

capacity from the negative control (0.003 ± 0.003 mM, p < 0.001), with the exceptions of 0.1% 

(v/v) synergy oil (p = 0.065) and 0.1% (v/v) tiger nut oil (p = 0.063), which showed trends that 

approached significance.  There was significant difference found between the positive control 

(0.232 ± 0.017mM) and 0.1% (v/v) synergy oil (0.102 ± 0.025mM, p = 0.006) and 0.1% (v/v) tiger 

nut oil (0.103 ± 0.028mM, p = 0.006). A weak significant difference was observed between the 

positive control and 0.1% (v/v) black seed oil (0.126 ± 0.024mM, p = 0.04), yet significance was 

not identified between the positive control and 1% (v/v) synergy (0.198 ± 0.022 mM, p = 0.958), 

1% (v/v) tiger nut oil (0.212 ± 0.028 mM, p = 0.998) or 1% (v/v) black seed oil (0.215 ± 0.022mM, 

p = 0.999). Figure 12 shows that the highest average TEAC value was identified from 1% (v/v) 

black seed oil, mirroring the result found for HbA plasma (figures 5 and 6) but opposing the order 

of antioxidant potential found for HbS plasma following 1-hour incubation (figure 11). All 1% 

(v/v) treatments produced greater mean TEAC results than their 0.1% (v/v) counterparts. 

Between 0.1% (v/v) and 1% (v/v) synergy oil, there was a suggestive trend towards significance 

(p = 0.083); significant difference was found between 0.1% (v/v) tiger nut oil and 1% (v/v) tiger 

nut oil (p = 0.03). However, 0.1% (v/v) and 1% (v/v) black seed oil showed a lack of significance 

between mean TEAC values (p = 0.130). The results associate all the tested oil treatments with 

higher antioxidant capacity than untreated samples of HbS plasma, after 24 hours incubation. 

The 1% (v/v) oil treatments all showed TEAC values complementing the results of the positive 

control.  
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Effect of incubation time and haemoglobin variant of in vitro natural treatments on antioxidant 

capacity of HbA and HbS blood plasma 

A statistically significant difference was found between the antioxidant potentials of 0.1% (v/v) 

treatment HbA plasma samples following 1-hour and 24-hour incubation periods, deduced by a 

one-way ANOVA (p < 0.001) (figure 13). Tukey post-hoc analysis identified a significant decrease 

between the mean TEAC value of 0.1% (v/v) tiger nut oil after 1-hour incubation (0.328 ± 

0.022mM) and after 24 hours incubation (0.208 ± 0.037mM, p = 0.005). Similarly, a strong level 

of significance was observed between HbA plasma treated with 0.1% (v/v) black seed oil 

following 1 hour incubation (0.342  ± 0.016mM) and 24 hours incubation (0.217 ± 0.024mM, p 

= 0.003), as well as between HbA plasma treated with 0.1% (v/v) synergy oil after 1 hour 

incubation (0.310 ± 0.013mM) and 24 hours incubation (0.186 ± 0.022mM, p = 0.004). The 

positive control missed the conventional level of significance, between 1-hour incubation (0.419 

± 0.024mM) and 24 hours incubation (0.329 ± 0.014mM, p = 0.085). The HbA plasma treated 

Figure 13. The antioxidant capacity of HbA and HbS plasma samples treated with 0.1% oil treatments, following 1-
hour and 24-hour incubation periods. NEG CONTROL = saline negative control, TN = tiger nut oil, BS = black seed oil, 
SYN = synergy oil, POS CONTROL = 1% vitamin E positive control. Data shown as mean ± SE; n = 5. Tukey post-hoc 
statistical analysis was undertaken: (**) p < 0.01, (***) p < 0.001. 
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with negative control showed strong insignificance between 1-hour incubation (0.006 ± 

0.002mM) and 24 hours incubation (0.003 ± 0.004mM, p > 0.999). The 0.1% oils showed greater 

TEAC values post-1-hour incubation, compared to post-24 hours incubation.  

One-way ANOVA analysis determined a statistically significant difference between the 

incubation periods of HbS plasma samples treated with 0.1% (v/v) oils (figure 13). Tukey HSD 

results found that there was strong statistical significance between 1-hour incubation of 0.1% 

(v/v) tiger nut oil (0.283 ± 0.051mM) and 24-hour incubation (0.103 ± 0.028mM, p < 0.001). 

Similarly, there was a significant decrease between 1-hour incubation of 0.1% (v/v) black seed 

oil (0.311 ± 0.021mM) and 24-hour incubation (0.126 ± 0.024mM, p < 0.001), as well as between 

1-hour incubation of 0.1% (v/v) synergy oil (0.281 ± 0.029mM) and 24-hour incubation (0.102 ± 

0.025mM, p < 0.001). The positive control also showed significant difference between 1-hour 

incubation (0.415 ± 0.011mM) and 24-hour incubation (0.232 ± 0.017mM, p < 0.001). However, 

the negative control showed insignificant difference between 1-hour incubation (0.003 ± 

0.002mM) and 24-hour incubation (0.003 ± 0.003mM, p > 0.999). As was identified with the 

results of HbA samples, 1-hour incubation of all the oils of interest generated greater mean TEAC 

values than 24-hour incubation. 

HbA 0.1% (v/v) treatment groups showed higher mean antioxidant results than corresponding 

HbS treatment groups, following 1-hour incubation (figure 13). Despite this, statistical analysis 

found that the difference was insignificant; 0.1% (v/v) tiger nut oil (0.328 ± 0.019mM vs. 0.283 

± 0.051mM, respectively, p = 0.922), 0.1% (v/v) black seed oil (0.342 ± 0.009mM vs. 0.311 ± 

0.021Mm, respectively, p = 0.994) and 0.1% (v/v) synergy oil (0.310 ± 0.022mM vs. 0.281 ± 

0.029mM, respectively, p = 0.996). The positive control also showed insignificance between HbA 

and HbS mean TEAC results (0.419 ± 0.024mM vs. 0.415 ± 0.011mM, respectively, p > 0.999); 

this was also found for the negative control (0.006 ± 0.002mM vs. 0.003 ± 0.001mM, 

respectively, p > 0.999).  

Also, figure 13 shows the greater antioxidant capacity of HbA 0.1% (v/v) treatment groups 

compared to the equivalent HbS groups, after 24 hours incubation. Statistical significance was 

tested between HbA and HbS samples. It was found that there was borderline statistical 

significance between HbA plasma treated with 0.1% (v/v) tiger nut oil (0.208 ± 0.037mM) and 

HbS plasma treated with 0.1% (v/v) tiger nut oil (0.103 ± 0.028mM, p = 0.052). However, 

statistical significance was not identified between HbA and HbS plasma treated with 0.1% (v/v) 

black seed oil (0.217 ± 0.024mM vs. 0.126 ± 0.024mM, respectively, p = 0.148), nor between 
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HbA and HbS plasma treated with 0.1% (v/v) synergy oil (0.186 ± 0.022mM vs. 0.102 ± 0.025mM, 

respectively, p = 0.219) after 24-hour incubation. Statistical significance was also not observed 

between the mean values of HbA plasma and HbS plasma treated with the positive control 

(0.329 ± 0.014mM vs. 0.232 ± 0.017mM, respectively, p = 0.092), and between the negative 

control HbA plasma and HbS plasma (0.0029 ± 0.004mM vs. 0.0031 ± 0.003mM, respectively, p 

> 0.999). 

 

Following similar analysis of the 1% (v/v) treatments incubated with HbA plasma samples for 1 

hour and 24 hours (figure 14), a statistically significant difference between incubation periods 

was identified (p<0.001). Following this one-way ANOVA result, a Tukey post-hoc test was 

undertaken. There was a statistically significant difference between the greater TEAC value of 

HbA plasma treated with 1% (v/v) tiger nut oil following 1-hour incubation (0.362 ± 0.019mM), 

compared to 24 hours incubation (0.259 ± 0.027mM, p = 0.034). A distinct level of significance 

was additionally found between 1% (v/v) synergy oil following 1-hour incubation with HbA 

Figure 14. The antioxidant capacity of HbA and HbS plasma samples treated with 1% oil treatments, following 1-
hour and 24-hour incubation periods. NEG CONTROL = saline negative control, TN = tiger nut oil, BS = black seed oil, 
SYN = synergy oil, POS CONTROL = 1% vitamin E positive control. Data shown as mean ± SE; n = 5. Tukey post-hoc 
statistical analysis was undertaken: (*) p < 0.05, (**) p < 0.01, (***) p < 0.001. 
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plasma (0.374 ± 0.022mM) and 24 hours incubation (0.246 ± 0.014mM, p = 0.003). However, 

there was insignificant difference between the mean TEAC result of HbA plasma treated with 

1% (v/v) black seed oil after 1 hour of incubation (0.380 ± 0.009mM) and after 24 hours of 

incubation (0.304 ± 0.041mM, p = 0.239). The positive and negative controls were as described 

previously, in 0.1% (v/v) treatment analysis (figure 13). Whilst both 1% (v/v) tiger nut oil and 1% 

(v/v) synergy oil matched their 0.1% (v/v) counterpart, in terms of showing stronger TEAC values 

following 1 hour of incubation rather than 24 hours of incubation, this was not seen for 1% (v/v) 

black seed oil. This treatment showed little difference regarding mean TEAC value after both 

incubation periods, with the mean TEAC value after 1-hour incubation only marginally higher 

than the result following a 24-hour incubation period.  

HbS plasma samples treated with 1% (v/v) oils for periods of 1 hour and 24 hours also showed 

significant statistical difference between the mean TEAC values, identified by one-way ANOVA 

(p < 0.001). Post-hoc analysis using Tukey HSD determined a significant difference between the 

mean TEAC value of HbS plasma treated with 1% (v/v) tiger nut oil, following 1-hour incubation 

(0.356 ± 0.025mM) and following 24 hours incubation (0.212 ± 0.028mM, p < 0.001) (figure 14). 

This was also observed with HbS plasma treated with 1% (v/v) black seed oil following 1-hour 

incubation (0.377 ± 0.023mM) and 24 hours incubation (0.215 ± 0.022mM, p < 0.001), as well as 

with 1% (v/v) synergy oil post-1-hour incubation (0.400 ± 0.023mM) and post-24 hours 

incubation (0.198 ± 0.022mM, p < 0.001). The positive and negative controls were as described 

previously, in 0.1% (v/v) treatment analysis (figure 13). There was a stronger antioxidant 

capacity result for HbS samples incubated for 1 hour than for 24 hours, with both 0.1% (v/v) and 

1% (v/v) concentrations of oils. Unlike HbA plasma, this included black seed oil.  

As with 0.1% (v/v) treatments (figure 13), there was no statistical significance identified between 

HbA and HbS plasma samples treated with 1% (v/v) treatments, following a 1-hour incubation 

period (figure 14). The mean TEAC value of HbA plasma treated with 1% (v/v) tiger nut oil (0.362 

± 0.019mM) was not statistically different from HbS plasma treated with 1% (v/v) tiger nut oil 

(0.356 ± 0.025mM, p > 0.999), nor 1% (v/v) black seed oil (0.380 ± 0.009mM vs. 0.377 ± 

0.023mM, respectively, p = 0.999), or 1% (v/v) synergy oil (0.374 ± 0.022mM vs. 0.400 ± 

0.023mM, respectively, p = 0.991). The results imply that the mean TEAC results of 0.1% (v/v) 

and 1% (v/v) oils following 1 hour of incubation were not distinguishable between the studied 

haemoglobin variants. 
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Focusing on 1% (v/v) oil treatments of HbA and HbS plasma post-24-hour incubation period, 

figure 14 exhibits HbA antioxidant results surpassing that of HbS. However, statistical analysis 

found that there was an insignificant difference between the haemoglobin variants treated with 

1% (v/v) tiger nut oil (0.259 ± 0.027mM vs. 0.212 ± 0.028mM, respectively, p = 0.873), as well as 

insignificance between 1% (v/v) synergy oil-treated HbA and HbS plasma (0.246 ± 0.014mM vs. 

0.198 ± 0.014mM, respectively, p = 0.862). Statistical significance was also not found between 

HbA and HbS plasma treated with the negative control (0.003 ± 0.004mM vs. 0.003 ± 0.003mM, 

respectively, p > 0.999), nor between the mean TEAC values of HbA plasma and HbS plasma 

treated with 1% (v/v) black seed oil (0.304 ± 0.041mM vs. 0.215 ± 0.022mM, respectively, p = 

0.151). On the contrary, HbA and HbS plasma treated with positive control showed a trend 

towards significance (0.329 ± 0.014mM vs. 0.232 ± 0.017mM, respectively, p = 0.081). Overall, 

it can be perceived that the TEAC results between HbA and HbS samples, treated with the 0.1% 

(v/v) and 1% (v/v) oils for 24 hours, did not differ greatly in their values. Therefore, the 

haemoglobin variant was inconsequential regarding efficacy of the natural antioxidant products.  

3.5.4 Intracellular fluorescence ROS assay 

The generation of ROS in untreated and oil-treated HbA and HbS RBC samples was determined 

using DHE. This was detected as fluorescence at a wavelength of λex = 520/ λem = 605nm. 

Comparing ROS values between the treatment groups of the blood samples enabled the 

determination of each treatment’s efficacy as a free radical scavenger, and therefore presented 

a measure of antioxidant potential.  
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Effect of in vitro natural treatments on ROS production in HbA red blood cells 
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Figure 15. The ROS fluorescence of HbA samples treated with 0.1% (blue) and 1% (orange) oil treatments, following 
1-hour incubation, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, TN = tiger nut 
oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive control. Data shown as 
mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (**) p < 0.01, (***) p < 0.001. Vertical line at 
the end of a bar represents the group for statistical comparison. 
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In HbA samples incubated for a 1-hour period, it was observed that all treatments showed lower 

average ROS values than the negative control (20007 ± 2152.89 RFU), with 1% (v/v) black seed 

oil showing a particularly distinctive reduction (6289.3 ± 517.38 RFU) (figure 15). One-way 

ANOVA results identified a significant difference between the mean ROS values of all treatment 

groups (p < 0.001). Tukey post-hoc analysis showed that there was a statistically significant 

difference between the positive control (3276.2 ± 439.33 RFU) and the following treatments: 

0.1% (v/v) tiger nut oil (15651 ± 870.93 RFU, p < 0.001), 1% (v/v) tiger nut oil (9012.3 ± 914.82 

RFU, p = 0.009) and 0.1% (v/v) black seed oil (9927.3 ± 400.15 RFU, p = 0.002). The mean ROS 

values of 1% (v/v) black seed oil (p = 0.359), 0.1% (v/v) oleic acid (6352.9 ± 164.82 RFU, p = 0.336) 

and 1% (v/v) oleic acid (4505 ± 315.44 RFU, p = 0.978) were insignificantly different to the 
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Figure 16. The ROS fluorescence of HbA samples treated with 0.1% (blue) and 1% (orange) oil treatments, following 
24-hour incubation, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, TN = tiger nut 
oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive control. Data shown as 
mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (***) p < 0.001, compared to negative control. 
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positive control. All treatment ROS values showed statistical significance from the negative 

control (p < 0.001), except for 0.1% (v/v) tiger nut oil (p = 0.068) which showed a tendency 

toward statistical significance. Comparing the concentration of each treatment group unveiled 

a lower average ROS value for 1% (v/v) treatments than the corresponding 0.1% (v/v) treatment. 

The difference between 0.1% (v/v) and 1% (v/v) tiger nut oil was statistically significant (p = 

0.002). However, there was insignificant difference found between 0.1% (v/v) and 1% (v/v) black 

seed oil (p = 0.176) and between 0.1% (v/v) and 1% (v/v) oleic acid (p = 0.845).  

After a 24-hour incubation period, the oil-treated HbA samples also showed a dramatic 

reduction in ROS presence compared to the untreated control (17467.17 ± 1356.1 RFU) (figure 

16). A one-way ANOVA result exposed significant difference between all tested groups of HbA 

blood (p < 0.001). Regarding Tukey post-hoc analysis, a dissimilar pattern was observed in HbA 

blood samples following 24-hour incubation than was identified after 1-hour incubation. There 

was a statistically insignificant difference between the positive control (2018.5 ± 63.21 RFU) and 

several treatments: 0.1% (v/v) black seed oil (2312.5 ± 533.11 RFU, p > 0.999), 1% (v/v) black 

seed oil (2079.3 ± 248.54 RFU, p > 0.999) and 1% (v/v) oleic acid (2320 ± 345.12 RFU, p > 0.999). 

The treatments of 0.1% (v/v) tiger nut oil (2756.7 ± 243.42 RFU, p = 0.975), 1% (v/v) tiger nut oil 

(2553 ± 182.71 RFU, p = 0.996) and 0.1% (v/v) oleic acid (2672.3 ± 279.21 RFU, p = 0.988) also 

showed strong insignificance. However, all the tested oil treatments, as well as the positive 

control, showed a highly significant reduction from the mean ROS value of the negative control 

(p < 0.001). A comparison of the concentrations of each treatment group showed that there was 

a strong insignificant difference between the mean ROS value of 0.1% (v/v) tiger nut oil and 1% 

(v/v) tiger nut oil (p > 0.999), between 0.1% (v/v) and 1% (v/v) black seed oil (p > 0.999), as well 

as between 0.1% (v/v) and 1% (v/v) oleic acid (p > 0.999). It can be summarised that all tested 

oil treatments successfully resulted in the reduction of ROS present in HbA blood samples, after 

incubation periods of 1 hour and 24 hours. However, the mean ROS values of treatment groups 

had become more similar between 0.1% (v/v) and 1% (v/v) treatments after 24 hours.  
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Effect of in vitro natural treatments on ROS production in HbS red blood cells 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. The ROS fluorescence of HbS samples treated with 0.1% (blue) and 1% (orange) oil treatments, following 
1-hour incubation, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, TN = tiger nut 
oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive control. Data shown as 
mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (**) p < 0.01, (***) p < 0.001. Vertical line at 
the end of a bar represents the group for statistical comparison. 
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Figure 17 shows a distinct decrease in the mean ROS values of all treated HbS samples, 

compared to the negative control (25961.5 ± 1228 RFU), post-1-hour incubation period. 

Statistical significance between the mean values of the treatment groups was identified 

following one-way ANOVA analysis (p < 0.001). Tukey post-hoc analysis showed a statistically 

significant difference between the mean intracellular ROS value of the positive control (4130 ± 

668.23 RFU) and 0.1% (v/v) tiger nut oil (18390 ± 1263 RFU, p < 0.001), 1% (v/v) tiger nut oil 

(9568  ± 1054.1 RFU, p = 0.009), 0.1% (v/v) black seed oil (12541 ± 588.33 RFU, p < 0.001) and 

the negative control (p < 0.001). Comparison between the mean ROS value of the positive 

control and 0.1% (v/v) oleic acid standard (8450.5 ± 809.35 RFU, p = 0.052) was on the threshold 

of significance. An insignificant statistical difference was found between the positive control and 

1% (v/v) black seed oil (6437.3 ± 538.99 RFU, p = 0.608); this was also observed between the 

positive control and 1% (v/v) oleic acid (4653.5 ± 606.46 RFU, p > 0.999). All treatment group 
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Figure 18. The ROS fluorescence of HbS samples treated with 0.1% (blue) and 1% (orange) oil treatments, following 
24-hour incubation, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, TN = tiger nut 
oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive control. Data shown as 
mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (***) p < 0.001, compared to negative control. 
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means showed strong statistical difference from the negative control (p < 0.001).  A comparison 

of the results of each concentration of a treatment showed that there was a statistically 

significant difference between the mean ROS value of 0.1% (v/v) tiger nut oil and 1% (v/v) tiger 

nut oil (p < 0.001); this was also seen between 0.1% (v/v) and 1% (v/v) black seed oil (p < 0.001). 

However, there was an insignificant difference found between 0.1% (v/v) and 1% (v/v) oleic acid 

(p = 0.112). The results indicate the ability of all tested oil samples to counteract ROS production, 

with 1% (v/v) oils showing the greatest defence, in HbS samples following 1-hour incubation. 

The 1% (v/v) black seed oil in vitro treatment is prominent as it showed a greater decrease in 

ROS than its 0.1% (v/v) counterpart and both concentrations of tiger nut oil.  

The ROS values of untreated and treated HbS RBCs incubated for a 24-hour period are displayed 

in figure 18. Following one-way ANOVA analysis, a Tukey post-hoc test was undertaken to 

determine honest significant difference between each treatment group. Non-significant 

difference was found between the positive control (2250 ± 110.75 RFU) and all other treatments 

(p > 0.999), except for the negative control (21198 ± 1173.5 RFU, p < 0.001). On the contrary, all 

treatment groups showed strong statistically significant difference from the negative control (p 

< 0.001). When comparing the concentrations of each treatment group, it was found that there 

was an insignificant difference between 0.1% (v/v) tiger nut oil (2843.2 ± 353.78 RFU) and 1% 

(v/v) tiger nut oil (2560.5 ± 585.72 RFU, p > 0.999). Similarly, there was statistical insignificance 

between 0.1% (v/v) black seed oil (2733.2 ± 406.33 RFU) and 1% (v/v) black seed oil (2309.7 ± 

785.8 RFU, p < 0.999), and between 0.1% (v/v) oleic acid (2740.2 ± 487.81 RFU) and 1% (v/v) 

oleic acid (2427 ± 428.16 RFU, p > 0.999). This suggests that after 24 hours of in vitro treatment, 

the mean ROS values of 0.1% (v/v) and 1% (v/v) oils are very similar, for all tested treatments. 

However, all tested treatments remained effective at reducing the ROS presence in HbS samples 

in comparison to untreated samples.  
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Effect of incubation time of in vitro natural treatments on ROS production of HbA red blood cells 

 

 

 

 

 

 

0

5000

10000

15000

20000

25000

NEG CONTROL TN BS OLEIC POS CONTROL

R
O

S 
(R

FU
)

In vitro treatment

1 hour 24 hours

***

***

***

Figure 19. The ROS fluorescence of HbA samples treated with 0.1% oil treatments, following 1-hour (blue) and 24-
hour (orange) incubation periods, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, 
TN = tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive control. 
Data shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (***) p < 0.001, compared to 
24-hour equivalent of the same treatment. 
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 The average ROS value of HbA samples incubated with the 0.1% (v/v) oils for 1 hour and 24 

hours were compared (figure 19). It was observed that there was a lower ROS value for all 

treatments after a 24-hour incubation period than after 1 hour, with black seed oil showing the 

lowest mean ROS value. The result of a one-way ANOVA found statistical significance between 

all treatment groups (p < 0.001). Post-hoc analysis was also undertaken; both 0.1% (v/v) tiger 

nut oil and 0.1% (v/v) black seed oil showed distinctive significant difference between their 1 

hour (15651 ± 870.93 RFU and 9927.3 ± 400.15 RFU, respectively) and 24-hour incubation groups 

(2756.7 ± 243.42 RFU and 2312.5 ± 533.11 RFU, respectively, p < 0.001). This was also found 

with 0.1% (v/v) oleic acid (6352.9 ± 164.82 RFU vs. 2672.3 ± 279.21 RFU, p = 0.038). The results 

imply that 0.1% (v/v) tiger nut oil and black seed oil have a greater ability to reduce ROS in HbA 

RBCs after incubation for 24 hours, than after 1 hour.  
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Figure 20. The ROS fluorescence of HbA samples treated with 1% oil treatments, following 1-hour (blue) and 24-hour 
(orange) incubation periods, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, TN = 
tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive control. Data 
shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (**) p < 0.01, (***) p < 0.001, 
compared to 24-hour equivalent of the same treatment. 
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After incubation of HbA RBC samples with 1% (v/v) oils for 1 hour and 24 hours (figure 20), there 

was a similar trend as seen in the 0.1% (v/v) samples. All treatment oils post-24-hour incubation 

resulted in lower average ROS presence than post-1-hour incubation, with black seed oil 

producing the lowest result. Post-hoc analysis was undertaken using Tukey HSD succeeding one-

way ANOVA analysis (p < 0.001). There was strong statistical difference between HbA RBCs 

treated with 1% (v/v) tiger nut oil following 1-hour incubation (9012.3 ± 914.82 RFU) compared 

to the sample following 24-hour incubation (2553 ± 182.71 RFU, p < 0.001). Notable significance 

was also identified between 1-hour (6289.3 ± 517.38 RFU) and 24-hour incubation (2079.3 ± 

248.54 RFU, p = 0.008) of HbA RBCs treated with 1% (v/v) black seed oil. On the contrary, there 

was an insignificant difference between 1 hour and 24-hour incubation periods of 1% (v/v) oleic 

acid (4505 ± 315.44 RFU vs. 2320 ± 345.12 RFU, p = 0.562). Efficacy as a free radical scavenger is 

profiled by HbA blood treated with 1% (v/v) tiger nut oil following 24 hours incubation; this is 

mirrored by 1% (v/v) black seed oil showing greater efficacy, after 24 hours.  

Effect of incubation time of in vitro natural treatments on ROS production of HbS red blood cells 
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Figure 21. The ROS fluorescence of HbS samples treated with 0.1% oil treatments, following 1-hour (blue) and 24-
hour (orange) incubation periods, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, 
TN = tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive control. 
Data shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (**) p < 0.01, (***) p < 0.001, 
compared to 24-hour equivalent of the same treatment. 
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Figure 21 shows the average ROS fluorescence of HbS samples, incubated with 0.1% (v/v) oils 

for periods of 1 hour and 24 hours. There is a distinguishable decrease in the values of all RBC 

samples following 24 hours of incubation compared to the samples after 1 hour of incubation; 

black seed oil produced the lowest value. Significance between 1 hour and 24-hour incubation 

treatment groups was determined using Tukey HSD post-hoc test. There was definite 

significance between HbS RBCs treated with 0.1% (v/v) tiger nut oil after 1 hour incubation 

(18390 ± 1263 RFU) and 24 hours incubation (2843.2 ± 353.78 RFU, p < 0.001), as well as 

between HbS RBCs treated with 0.1% (v/v) black seed oil following 1 hour incubation (12541 ± 

588.33 RFU) and 24 hours incubation (2733.3 ± 406.33 RFU, p < 0.001). Significant difference 

between the mean ROS values of 0.1% (v/v) oleic acid after 1-hour incubation (8450.5 ± 809.35 

RFU) and 24-hour incubation (2740.2 ± 487.81 RFU, p = 0.007) was also observed. The results 

suggest that 0.1% (v/v) tiger nut oil and black seed oil produced lower average ROS values after 

24 hours of incubation, than 1 hour of incubation. 
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Figure 22. The ROS fluorescence of HbS samples treated with 1% oil treatments, following 1-hour (blue) and 24-hour 
(orange) incubation periods, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, TN = 
tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive control. Data 
shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (**) p < 0.01, compared to 24-hour 
equivalent of the same treatment. 
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The HbS samples treated with 1% (v/v) oils also showed lower ROS fluorescence after 24 hours 

incubation than after 1 hour of incubation (figure 22); again, the lowest average ROS value was 

produced by black seed oil. The result of a one-way ANOVA revealed that there was a statistically 

significant difference between the incubation periods of all treatment groups (p < 0.001). Post-

hoc analysis determined a well-defined statistical difference between RBCs treated with 1% (v/v) 

tiger nut oil after 1 hour (9568.7 ± 1054.1 RFU) and after 24 hours incubation (2560.5 ± 585.72 

RFU, p = 0.001). The difference between the mean ROS values of HbS RBCs treated with 1% (v/v) 

black seed oil following 1-hour incubation (6437.3 ± 538.99 RFU) and 24 hours incubation 

(2309.7 ± 785.8 RFU) was just beyond significance (p = 0.088). There was an insignificant 

difference between the ROS values of 1% (v/v) oleic acid following 1 hour (4653.5 ± 606.46 RFU) 

and 24 hours of incubation (2427 ± 428.16 RFU, p = 0.752). The results outline the greater 

efficacy of 1% (v/v) tiger nut oil as a free radical scavenger in HbS RBCs after a 24-hour incubation 

period, whilst 1% (v/v) black seed oil shows similar scavenging activity in HbS RBC samples after 

both 1 hour and 24 hours.   

Effect of haemoglobin variant on ROS production following in vitro natural treatments 
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Figure 23. The ROS fluorescence of HbA (blue) and HbS (orange) blood samples treated with 0.1% oil treatments, 
following 1-hour incubation period, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative 
control, TN = tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive 
control. Data shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (*) p < 0.05, compared 
to HbA variant with the same treatment. 
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Figure 23 shows that the HbS samples of all 0.1% (v/v) treatments produced greater ROS 

fluorescence than their HbA counterparts. A one-way ANOVA test identified a statistically 

significant difference between all treatment groups of HbA and HbS RBC samples (p < 

0.001). Determination of statistical significance between HbA and HbS RBC samples of each 

treatment was achieved using Tukey post-hoc test. The analysis revealed that there was 

insignificant difference between the lower mean ROS values of HbA RBCs treated with 0.1% (v/v) 

tiger nut oil (15651 ± 870.93 RFU) compared to HbS RBCs treated with 0.1% (v/v) tiger nut oil 

(18390 ± 1263 RFU, p = 0.666). There was also a lack of statistical significance between HbA RBCs 

treated with 0.1% (v/v) black seed oil (9927.3 ± 400.15 RFU) and HbS RBCs treated with 0.1% 

(v/v) black seed oil (12541 ± 588.33 RFU, p = 0.717), nor between HbA RBCs treated with 0.1% 

(v/v) oleic acid (6352.9 ± 164.82 RFU) and HbS RBCs treated with 0.1% (v/v) oleic acid (8450.5 ± 

809.35 RFU, p = 893). Similarly, there was a strong insignificant difference between HbA RBCs 

treated with the positive control (3276 ±.2 439.33 RFU) and HbS RBCs treated with the positive 
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Figure 21. The ROS fluorescence of HbA (blue) and HbS (orange) blood samples treated with 1% oil treatments, 
following 1-hour incubation period, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative 
control, TN = tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive 
control. Data shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (*) p < 0.05, compared 
to HbA variant with the same treatment. 
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control (4130.5 ± 668.23 RFU, p > 0.999). However, there was a distinctly significant difference 

found between the mean ROS value of HbA RBC samples treated with the negative control 

(20007 ± 2152.9 RFU) and HbS RBC samples with the negative control (25952 ± 1228 RFU, p = 

0.014). Following 1-hour incubation with the 0.1% (v/v) oils of interest, the results indicate a 

similarity between the resultant ROS presence within HbA and HbS RBC samples, except for the 

greater HbS negative control result.  

The 1% (v/v) oil treatments showed a similar pattern of greater HbS ROS values than HbA for all 

treatments, as seen with 0.1% (v/v) treatments; however, the differences between the 

haemoglobin variant groups appeared smaller (figure 24). Following a one-way ANOVA result (p 

< 0.001), Tukey post-hoc analysis determined a lack of statistically significant difference between 

HbA RBCs treated with 1% (v/v) tiger nut oil (9012.3 ± 914.82 RFU) and HbS RBCs treated with 

1% (v/v) tiger nut oil (9568.7 ± 1054.1 RFU, p > 0.999). This was also observed between HbA RBC 

samples treated with 1% (v/v) black seed oil (6289.3 ± 517.38 RFU) and HbS RBC samples treated 

with 1% (v/v) black seed oil (6437.3 ± 538.99 RFU, p > 0.999), as well as between HbA RBCs 

treated with 1% (v/v) oleic acid (4505 ± 315.44 RFU) and HbS RBCs treated with 1% (v/v) oleic 

acid (4653.5 ± 606.46 RFU, p > 0.999). Data for HbA and HbS RBC samples treated with the 

positive control, and for HbA and HbS RBC samples treated the negative control is as seen for 

figure 23. The findings suggest that 1% (v/v) oil treatments resulted in similar ROS values for 

both HbA and HbS haemoglobin variants, following 1-hour in vitro incubation.   
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Figure 25. The ROS fluorescence of HbA (blue) and HbS (orange) blood samples treated with 0.1% oil treatments, 
following 24-hour incubation period, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative 
control, TN = tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive 
control. Data shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (**) p < 0.01, compared 
to HbA variant with the same treatment.   
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Unlike ROS values of HbA and HbS samples post-1-hour incubation (figure 23), the results of the 

treated samples following 24 hours of incubation showed little distinguishable difference, with 

HbS appearing only marginally greater than HbA mean ROS fluorescence (figure 25). Post-hoc 

analysis was undertaken to determine statistical significance between HbS and HbA 0.1% (v/v) 

treatment groups. Tukey HSD found that there was no statistical difference between HbA RBCs 

treated with 0.1% (v/v) tiger nut oil (2756.7 ± 243.42 RFU) and HbS RBCs treated with 0.1% (v/v) 

tiger nut oil (2843.2 ± 353.78 RFU, p > 0.999) after a 24-hour incubation period. Similarly, there 

was an insignificant statistical difference between HbA RBCs treated with 0.1% (v/v) black seed 

oil (2312.5 ± 533.11 RFU) and HbS RBCs treated with 0.1% (v/v) black seed oil (2733.2 ± 406.33 

RFU, p > 0.999) and between HbA RBCs treated with 0.1% (v/v) oleic acid (2672.3 ± 279.21 RFU) 
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Figure 26. The ROS fluorescence of HbA (blue) and HbS (orange) blood samples treated with 1% oil treatments, 
following 24-hour incubation period, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative 
control, TN = tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive 
control. Data shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (**) p < 0.01, 
compared to HbA variant with the same treatment. 
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and HbS RBCs treated with 0.1% (v/v) oleic acid (2740.2 ± 487.81 RFU, p > 0.999). The average 

ROS value of the negative control of HbS RBCs (21197.5 ± 1773.5 RFU) was significantly higher 

than that of HbA RBCs (17467.17 ± 1356.1 RFU, p = 0.007). However, this was not observed 

between the positive controls of HbA samples (2018.5 ± 63.21 RFU and HbS samples (2250 ± 

110.75 RFU, p > 0.999). This indicates the irrelevance of haemoglobin variant, when comparing 

sickle and non-sickle, regarding the efficacy of the 0.1% (v/v) treatment oils as free radical 

scavengers, after 24 hours.  

Figure 26 shows that there was also a minimal difference between the mean ROS values of HbA 

and HbS RBC samples treated with 1% (v/v) treatment oils for a 24-hour incubation period. A 

Tukey post-hoc analysis of RBCs tested with 1% (v/v) treatments showed that there was 

statistical insignificance between HbA RBCs treated with 1% (v/v) tiger nut oil (2553 ± 182.71 

RFU) and HbS RBCs treated with 1% (v/v) tiger nut oil (2560.5 ± 585.72 RFU, p > 0.999), as with 

HbA RBCs treated with 1% (v/v) black seed oil (2079.3 ± 248.54 RFU) and HbS RBCs treated with 

1% (v/v) black seed oil (2309.7 ± 785.8 RFU, p > 0.999). There was also an insignificant statistical 

difference found between HbA RBCs treated with 1% (v/v) oleic acid (2320 ± 345.12 RFU) and 

HbS RBCs treated with 1% (v/v) oleic acid (2427 ± 428.16 RFU, p > 0.999). Data for HbA and HbS 

RBC samples treated with the positive control, and for HbA and HbS RBC samples treated with 

the negative control is as seen for figure 25. The findings point to the irrelevance of haemoglobin 

variant, between sickle and non-sickle, when identifying greater efficacy of the 1% (v/v) oils of 

interest, post-24-hour in vitro incubation period.  

 

Effect of in vitro natural treatments on ROS production in H2O2-stressed HbA and HbS 

erythrocytes 

The presence of ROS was detected as before, using the fluorescent signal of DHE at a wavelength 

of λex = 520/ λem = 605nm. Erythrocyte samples were incubated for 24 hours with 1% (v/v) 

concentration of each oil, before 100µM H2O2 was used to induce ROS production. Samples were 

analysed to determine the efficacy of the natural oil treatments at reducing ROS presence 

following stressing.  
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The use of 100µM H2O2 as a positive control was seen to be effective at inducing ROS generation 

in HbA RBCs (figure 27), when compared to control cells treated only with 0.9% saline (25598.17 

± 399.86 RFU vs. 18551.83 ± 400.57 RFU, p < 0.001). Pre-treatment of cells with tiger nut oil 

resulted in a noticeable decrease of fluorescence (3146.67 ± 422.04 RFU) compared to both the 

H2O2 control and negative control; this was also observed for black seed oil (3633.3 ± 504.53 

RFU) and oleic acid (4337.5 ± 336.42 RFU). One-way ANOVA results revealed the difference 

between the average ROS values of all treatment groups was significant (p < 0.001). 

Consequently, post-hoc analysis was carried out to determine the significance between mean 

values of the controls and individual treatments. It was found that all treatment groups were 

statistically significantly lower than both the negative control (p < 0.001) and the H2O2 control (p 

< 0.001). There was insignificant difference found between the slightly higher mean ROS values 
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Figure 27. The ROS fluorescence of HbA samples treated with 1% oil treatments and 100µM H2O2, following 24-hour 
incubation, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, H2O2 = H2O2 positive 
control, TN = tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive 
control. Data shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (***) p < 0.001, 
compared to negative control and H2O2 control. 
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of tiger nut oil, black seed oil and oleic acid compared to the vitamin E antioxidant positive 

control (2886.67 ± 124.36 RFU, p > 0.05), therefore denoting similar efficacy of the treatments 

as powerful ROS scavengers.  

 

As seen for HbA erythrocytes (figure 27), 100µM H2O2 was effective at increasing ROS production 

in HbS RBCs compared to saline-only treated HbS RBCs (27871.5 ± 1227 RFU vs. 21404.67 ± 1371 

RFU, p < 0.001) (figure 28). The fluorescence produced by HbS RBC samples pre-treated with 

each oil was dramatically lower than that of the negative control and the H2O2 control. Black 

seed oil treatment resulted in the lowest mean ROS value of the in vitro treatments, producing 

a value of 3628 ± 122.45 RFU, whilst tiger nut oil treatment resulted in a mean ROS value of 
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Figure 28. The ROS fluorescence of HbS samples treated with 1% oil treatments and 100µM H2O2, following 24-hour 
incubation, using DHE fluorescence as a ROS marker. NEG CONTROL = saline negative control, H2O2 = H2O2 positive 
control, TN = tiger nut oil, BS = black seed oil, OLEIC = oleic acid standard, POS CONTROL = 1% vitamin E positive 
control. Data shown as mean ± SE; n = 6. Tukey post-hoc statistical analysis was undertaken: (***) p < 0.001, 
compared to negative control and H2O2 control. 
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3789.3 ± 516.76 RFU, followed by oleic acid pre-treatment of HbS RBCs producing an average 

ROS value of 4218.3 ± 148.09 RFU. Following one-way ANOVA (p < 0.001), Tukey HSD analysis 

was undertaken. HbA and HbS post-hoc results were alike as there was strong significance 

between the greater values of the negative control and the H2O2 control compared to all 

individual oil treatments (p < 0.001). The lowest average fluorescence value was identified from 

the vitamin E antioxidant control (3535.83 ± 64.14 RFU); however, a lack of significant difference 

between the positive control and tiger nut oil, black seed oil or oleic acid also suggests similar 

free radical scavenging potential of the tested products (p > 0.05). The effectiveness of all tested 

oil treatments at significantly reducing ROS levels in HbA and HbS RBC samples, following 100uM 

H202 ROS stressing, are evidenced.  

3.6 Discussion 

The antioxidant potential of the oils of interest were estimated using a variety of quantitative 

methods. Whilst the antioxidant power of a substance does not automatically evidence its 

efficacy as a treatment for sickle cell anaemia, the ability to strengthen the antioxidant defence 

of a SCA sufferer is advantageous.  

An estimation of the total phenolic content of each novel herbal product, at 1% concentration, 

was determined using the Fiolin-Ciocalteu spectrophotometric assay. Establishing the phenolic 

biological activity of a product can provide correlation to the antioxidant activity of the 

substance also (Pereira et al. 2009).  The total phenol content of the selected ethanolic oil 

extracts did not differ dramatically from one another and were found to possess high 

polyphenolic concentrations, similar to that of oleic acid.  

Previous studies report similar values for tiger nut phenolic content. Published values include 

1.97mg GAE/g (Owon et al. 2013), 3.51mg GAE/g (Oladele, Adebowale, and Bamidele 2017), 

1.34mg GAE/g (Oladele, Adebowale, and Bamidele 2017) and 0.165mg GAE/g (Rehab and Anany 

2012). The finding from this current work, 3.32mg GAE/g, fits within these values, at the higher 

end of the scale. Credit for the phenolic activity of tiger nuts has been associated with flavonoids, 

tannins, saponins and alkaloids, all found present in tiger nut studies (Charles, Essien, and 

Patrick-Iwuanyawu 2018). These phenolic antioxidative substances are synthesised in a vast 

array of plants and have also been shown to possess antimicrobial and anticancer properties 

(Charles, Essien, and Patrick-Iwuanyawu 2018), warranting more comprehensive research into 

these natural medicinal resources. Similarly, published literature corroborates the total phenolic 

content determined for black seed identified in this research (3.64mg GAE/g), as previously a 
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phenolic concentration of 4.12mg GAE/g (Toma et al. 2015) has been found, with a particular 

study showing black seed oil from various Middle Eastern regions having phenolic contents 

ranging from 0.96 – 7.60mg GAE/g (Haron, Grace-Lynn, and Shahar 2014). As identified in tiger 

nuts, flavonoids have been strongly detected in black seeds (Sahak et al. 2016), as well as other 

phytochemicals including tannins, saponins and alkaloids (Sheriff, Azmathullah, and Mohideen 

2015). These compounds demonstrate the potential medicinal activity held by the tested natural 

products.  

On the other hand, alternative studies have found total phenolic values for tiger nut and for 

black seed that are noticeably different. For example, black seed from Turkey was surprisingly 

shown to possess 2920mg GAE/g phenolic activity (Şen, Kar, and Tekeli ̇2010), whilst tiger nut 

oil has previously been found to comprise a phenolic content of 0.0179mg GAE/g (Ezeh, Gordon, 

and Niranjan 2016). It is evident that multiple literary sources are opposed on this issue; this has 

been acknowledged by authors and can be explained through a variety of factors. Firstly, 

polyphenols can be lost through the processing phases that result in the numerous consumable 

forms of each herbal product, such as the raw, oil, roasted and powdered states. On top of this, 

studies use various optimised extraction solvents. Oil products have displayed greater total 

phenolic capacity than methanolic and aqueous extracts of black seed preparations (Saleh et al. 

2017). This suggests that oil is a more promising form of antioxidant supplement than seeds and 

therefore provides backing for the phenolic values established in this current study. 

Furthermore, the temperatures used during cooking of products can lead to extensive depletion 

of polyphenols, upto an 80% loss (Manach et al. 2004). Tiger nut tubers and black seeds are 

often roasted in various forms of culinary preparation and so this would impact the results 

where roasting has occurred prior to phenolic analysis in previous research. In addition to this, 

the extreme values that do not corroborate current findings are suggestive of differences based 

on the tuber or seed origin. It is likely that intra-species variation, environmental issues including 

pedoclimatic and agronomic factors, and length of storage time post-harvest can lead to huge 

differences in the polyphenol concentration of natural products (Manach et al. 2004). The 

studies occurred in various countries and so this would have impacted the degree of consistency 

between phenolic results found between the tiger nut and black seed samples. This suggests a 

further limitation of this research. It is widely accepted that the variability of polyphenol 

composition is an issue and an extensive polyphenol database is required to ensure a 

standardised point of comparison between food items (Manach et al. 2004).  
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It is important for natural products to show strong phenolic activity as the ability to defend 

against oxidation is vital to ensure stable shelf life of oil products, and therefore depicts oil 

quality (Rehab and Anany 2012). Whilst it has been explained that the total phenolic content of 

tiger nut oil and black seed oil cannot be generalised based on the results of this study, the 

relatively high concentrations of polyphenols quantified, and therefore their estimated radical 

scavenging strength, appears promising regarding the establishment of these plant-based 

products as antioxidants. As the same manufacturers for tiger nut oil and for black seed oil were 

used throughout this study, future work would need to address possible variations in the 

antioxidant capacity of the oils sourced from different regions, as this may have an effect. A 

comparison could then be made to determine if oil produced from crops in various regions were 

maintaining a level of antioxidant and anti-sickling efficacy representative of a functional food. 

Another valuable area to explore when considering the antioxidant worth of a natural product 

is their ability to scavenge harmful free radicals, which can be quantified using DPPH radicals in 

in vitro testing (Najafabad and Jamei 2014). The percentage inhibition of DPPH radicals when 

testing a product can be used to gauge the antioxidant defence against oxidative stress, which 

is an increasingly concerning area regarding the progression of numerous diseases. This is a 

particularly common assay due to the visible change in colour from purple to yellow, as a result 

of DPHH radicals undergoing reduction (Najafabad and Jamei 2014). It was found in the current 

study that black seed oil resulted in the greatest inhibition of DPPH free radicals, compared to 

tiger nut oil and the synergy oil; alongside this, all the natural treatments showed stronger 

scavenging ability at the higher in vitro concentration of 1%, compared to 0.1%.  

Research supports these findings for tiger nut oil scavenging activity, as a result of 60.76 – 

68.25% DPPH inhibition corroborates previously found ranges of 32.33 – 85% (Badejo, Damilare, 

and Ojuade 2014) and 43.42 – 60.33% (Owon et al. 2013). However, these studies focused on 

tiger nut beverages and methanolic extracts of tiger nut, respectively. Despite this, the free 

radical scavenging ability of tiger nut-based products is shown to be consistent. Similarly, the 

results calculated for black seed (61.11 – 84.23%) are like those of published literature, as 

methanolic extracts of black seeds have been shown to possess 95.09% DPPH inhibitory action 

(Uras et al. 2010). A previous study of black seed oil found radical scavenging strength to be 

dose-dependent, with an inhibitory range of 42.13 – 88.35% (Rather and Jain 2018). Whilst a 

dose-dependency relationship could not be confirmed in this current experiment based on 0.1% 

and 1% oil samples solely, the greater DPPH inhibition exhibited by 1% concentration is 
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encouraging towards this notion. Congruency of literature is apparent and allows the DPPH 

inhibition results of the study to be deemed appropriate.  

 The stronger scavenging ability of black seed oil is unanticipated as the Folin-Ciocalteu assay 

exhibited similar phenolic contents of all tested products, yet black seed oil was able to initiate 

greater DPPH radical inhibition. This is suggestive of the presence of bioactive compounds, other 

than polyphenols, in black seed’s composition that contribute greatly to overall antioxidant 

potential. A non-phenolic compound identified in black seed is 4-terpineol, a naturally occurring 

monoterpene alcohol (Burits and Bucar 2000). Its antioxidant properties were evidenced by 

Burits and Bucar (2000) and may explain the greater antiradical activity of black seed oil obtained 

in this study. Also, it is possible that whilst the phenolic content of tiger nut oil and black seed 

oil are similar, the quality of the antioxidant phenols may be greater in black seed oil. For 

example, it has been established that the primary component of black seed, thymoquinone, 

shows extensive scavenging ability when reduced to its hydroquinone form, 

thymohydroquinone (Staniek and Gille 2010). Alongside this phenolic compound, carvacrol is 

also a major constituent of black seed that has been shown to maintain powerful phenolic 

antioxidant capacity when defending against in vitro free radicals (Burits and Bucar 2000). These 

factors may also have contributed to the similarity of the antiradical activity of the synergy oil 

to both pure oils individually, as whilst the combined constituents of both plant-based products 

would be vast, it appears that maximum antioxidative synergistic action was not achieved in this 

DPPH assay. To the best of current knowledge, the synergistic activity of tiger nut oil and black 

seed oil has not been previously investigated or reported. However, a prior study has combined 

tiger nut extract with Moringa oleifera or with Hibiscus sabdariffa extract (Badejo, Damilare, and 

Ojuade 2014). Synergism was identified as both combinations resulted in greater DPPH % 

inhibition than tiger nut extract alone (Badejo, Damilare, and Ojuade 2014). The synergistic 

effect of black seed with any another plant extract on DPPH inhibitory action has not been 

previously analysed. However, black seed extracts have been combined with garlic and shown 

to cause an increase in the concentration of antioxidant enzymes (SOD and GSH-Px) in post-

menopausal women over an 8 week period, compared to pre-consumption of the product 

(Mostafa et al. 2013). This would suggest that the garlic/black seed combination could also result 

in increased DPPH % inhibition. Amended concentrations or additional antioxidant plant 

combinations may result in an optimal formulation (Sonam and Guleria 2017) for DPPH radical 

inhibition, involving both tiger nut oil and black seed oil.  
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Most previous antioxidant studies have been undertaken on tiger nut tuber extracts or ‘horchata 

de chufa’ beverages (Roselló-Soto et al. 2018), as opposed to pure tiger nut oil as tested in this 

study, so a point of comparison for oil is limited. However, the results of antiradical action 

attained in this study for both tiger nut oil and black seed oil provide valuable information to 

continue building the database for both natural products. All the tested oils show the ability to 

scavenge in vitro DPPH free radicals, suggestive of hydrogen-donation and therefore antioxidant 

potential, which can be viewed as strongly comparable to other herbal therapies recommended 

as nutritional defence against oxidative stress. 

The TEAC assay enabled an additional measure of antioxidant potential for the tested natural 

products, using the ferrylmyoglobin/ABTS•+ protocol. Plasma was used in this assay due to the 

definition of total antioxidant capacity (TAC) relying on oxidants neutralized by plasma; the use 

of plasma also allows TAC to include endogenous non-enzymatic antioxidants and nutritional 

antioxidants (Serafini et al. 2011). Plasma antioxidant capacity is most commonly used to assess 

the effect of dietary components in human studies (Serafini et al. 2011). In addition, previous 

research has confirmed that plasma antioxidant capacity reflects in vivo antioxidant status in 

human subjects (Wang et al. 2011). In the current findings, black seed oil was consistently found 

to produce greater TEAC values than tiger nut oil and the synergy oil, generally regardless of 

incubation period or haemoglobin variant tested. This provides congruency to the greater anti-

radical activity of black seed oil determined in the DPPH assay. Importantly, all the natural plant-

based oils showed strong antioxidant capacity; this is especially poignant in the sickle cell 

experiments when comparing treated and untreated samples. Previous studies focusing on the 

effect of natural products on plasma antioxidant activity have suggested that an increase in 

antioxidant presence was due to phytochemical compounds, including the polyphenol ferulic 

acid, a known non-enzymatic antioxidant (Delgadillo Puga et al. 2015). Ferulic acid is one of the 

main phenolic compounds in tiger nut oil (Roselló-Soto et al. 2019), as well as one of the major 

phenolic compounds identified in black seeds (Topcagic et al. 2017); it was stated by Delgadillo 

Puga et al (2015) that ferulic acid can increase the radical scavenging potential of plasma. This 

mechanism of action is based on the reaction between antioxidative molecules of ferulic acid 

and radical molecules, leading to the formation of stable phenoxyl radicals, preventing the 

creation of free radicals (Zduńska et al. 2018). Additionally, ferulic acid can act as a hydrogen 

donor, to directly stabilise radicals (Zduńska et al. 2018). A plasma component that could also 

have been affected by the in vitro treatments is albumin. The majority of plasma TEAC is thought 

to be due to albumin, as it possesses superior reactivity of its protein sulfhydryl groups with 



Chapter three: Determining the in vitro antioxidant capacity of N. sativa and C. esculentus oils, 
using a range of assays 

116 | P a g e  
 

oxidants such as hydrogen peroxide (Rahman et al. 2000). Following an investigation into the 

effect of tiger nut extracts on biochemical parameters, it was found that the level of albumin 

increased significantly with in vivo tiger nut treatment (Chukwuma, Obioma, and Christopher 

2010). Similarly, in vivo black seed oil treatment has been found to increase albumin levels 

significantly (Al-Kadhi 2014). Therefore, these factors could explain the effects of the natural 

products on the plasma samples in this study.  

The antioxidant values calculated in this study are in agreement with those found in previous 

literature. Prior to this study, black seed has been found to possess a total antioxidant capacity 

of 1.1mM TEAC (Alzoreky and Nakahara 2001). Whilst this is a slightly higher value than assessed 

in the current study, the environmental factors discussed previously are likely to play a role in 

this variance, as it should be noted that Alzoreky and Nakahara (2001) were focusing on seeds 

harvested in Yemen. Likewise with tiger nuts, a study based on ‘horchata de chufa’ tiger nut 

beverage expressed the greatest antioxidant value to be 1.76mM TEAC (Roselló-Soto et al. 

2018). This marginally higher antioxidant capacity, compared to the current study, may be due 

to the preservation of bioactive antioxidants when using optimised temperatures and 

hydroethanolic mixtures to form the tiger nut beverage. In addition to this, the tiger nuts were 

sourced locally from Valencia, Spain, therefore also introducing alternative environmental 

factors affecting antioxidant concentration. Overall, the current TEAC results for black seed oil 

and tiger nut oil are within range for promising antioxidant dietary supplementation.  

A surprising aspect of the ABTS assay findings is that the synergy oil showed stronger antioxidant 

activity in HbS blood plasma than either pure oil in isolation. This was unexpected based on 

DPPH results where inhibition activity of the synergy oil was not especially significant compared 

to the results of black seed oil. It is possible that the synergistic interaction of tiger nut and black 

seed oils was enhanced in this in vitro application. The synergistic results found in this 

experimental study oppose that of Badejo et al (2014), where data showed fresh tiger nut 

synergy combinations producing greater DPPH inhibitory action but similar ABTS scavenging 

activity, than the tiger nut extract alone. Similarly, other research has identified various plants 

that have produced disagreeing ABTS/DPPH results. For example, a study found that ‘sorghum’, 

of the grass family, showed greater ABTS results than DPPH, whilst another study found eggplant 

produced higher DPPH values than ABTS (Oladele, Adebowale, and Bamidele 2017). In addition, 

brown tiger nuts and yellow tiger nuts have previously been found to possess opposing levels of 

ABTS and DPPH scavenging activity (Oladele, Adebowale, and Bamidele 2017). The present study 
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found the synergy oil to produce similar DPPH inhibitory action but greater ABTS scavenging 

activity, than either of the isolated oils. The reasoning for this may simply be due to the vast 

array of unique active compounds present in both plants and the overall effect this has on 

specific radical scavenging and antioxidant capacity. Interactions between these compounds 

may produce a more superior antioxidant therapeutic agent than either of them in isolation 

(Yarnell 2015), which was recognised in this ABTS assay. Despite the promising results of the 

synergy oil from the in vitro model, this may not be reflected in vivo and so the importance of 

clinical testing should be noted, for a comprehensive overview of the natural treatments in a 

human sickle cell model. Also, the lack of significance between HbA and HbS results do not imply 

that the treatments are specifically more active in HbS; instead it can be surmised that the oil 

products are beneficial for all consumers, regarding improving antioxidant status. Also, the 

distinct decrease in TEAC values for all the tested oils following a 24-hour period suggests that 

the oils may need to be consumed daily to ensure optimal antioxidant status. Daily consumption 

of plant-based therapies is common for herbal medicines and dosages are often calculated as 

daily amounts, based on safety reports (Melchart et al. 2017).  

Further evidence is provided for the utilisation of the natural plant-based oils as functional foods 

for sickle cell sufferers, based on the increased antioxidant defence observed in this 

experimental study. A reduction of oxidative stress would be the expected outcome of this form 

of nutritional therapy. It is important to investigate as many areas relating to antioxidant effect 

and free radical scavenging as possible because ROS are one of the most concerning and 

unstable by-products of aerobic metabolism, when generated at high concentrations. This is 

mainly due to the extensive intracellular damage they can cause, including lipid peroxidation, 

oxidation of proteins, disruption to membrane fluidity and ultimately, cell death. The balance 

between ROS synthesis and antioxidant scavenging activity is delicate; an imbalance leading to 

an oxidative stress environment has been associated with the progressive severity of numerous 

diseases, sickle cell anaemia included. Intracellular ROS, within red blood cells, was detected in 

blood samples treated with the oils, to determine in vitro effects on ROS generation. The data 

presented shows that all the natural treatments distinctly reduced the ROS level in both sickle 

and non-sickle samples, compared to an untreated control, suggestive of free radical scavenging 

activity committed by tiger nut oil and black seed oil. The antioxidant effect of tiger nuts and 

black seeds have been well documented in recent research and so correlation is visible with the 

ROS scavenging detected in this present study. 



Chapter three: Determining the in vitro antioxidant capacity of N. sativa and C. esculentus oils, 
using a range of assays 

118 | P a g e  
 

The synergy oil showed the lowest ROS values compared to the pure oils, which is surprising as 

their antioxidant activity was much the same following phenolic testing. However, the synergy 

oil did show a slightly higher TEAC value than the pure oils. This variation may be due to the 

determination methods of the chemical assays, despite ABTS, DPPH and DHE scavenging activity 

all being appropriate for this analysis (Oladele, Adebowale, and Bamidele 2017). The combined 

results of the TEAC, DPPH and ROS assays of the current study indicate moderate to strong 

antioxidant power of all three tested oils, with synergy oil showing a specifically potent effect 

on DHE radical scavenging activity. It is expected that the complementary effects of the varying 

phytochemicals present in tiger nut oil and in black seed oil are responsible for a greater overall 

antioxidant effect. 

This study could be seen as limited as it does not evaluate the downstream results of oxidative 

stress, such as lipid peroxidation. It has been suggested that the vast fatty acid presence in tiger 

nut oil is appropriate for the inhibition of lipid oxidation (El-Naggar 2017). Similarly, an anti-aging 

study has presented a reduction in lipid peroxidation following administration of black seed oil 

in a murine model of aging (Shahroudi, Mehri, and Hosseinzadeh 2017). In a subsequent 

experiment, the detection of malondialdehyde, a marker of lipid peroxidation, could further 

detail the effect of the plant-based oils on ROS formation and consequent end products such as 

oxidative lipid damage, in in vitro SCA models.  

The hypothesis that tiger nut oil and black seed oil treatment result in the depletion of ROS in 

sickle cell blood cells can be confirmed based on the data put forward. The antioxidant influence 

of the plant-based oils clearly modulates the oxidative process; protection against oxidative 

stress has previously been shown to occur through a signalling pathway called adenosine 

monophosphate-activated protein kinase (AMPK), for many natural, herbal products. This 

includes the Buddleja officinalis Maxim. flower, tryptanthrin, resveratrol and paeonia japonica 

root extract (Park et al. 2018). AMPK is a serine/threonine kinase, sensitive to changes in redox 

status, and maintains the ability to protect cells from oxidative stress. This occurs due to the 

catalytic α subunit and the regulatory  β and γ subunits (Park et al. 2018). The protection AMPK 

provides is regulated through phosphorylation of the α subunit and through the binding of 

adenosine phosphates to the regulatory subunits. The main effect of this is the prevention of 

mitochondrial damage, through the inhibition of glycogen synthase-3β- (GSK-3β-), as well as 

AMPK aiding the biogenesis of mitochondrion. This is relevant to ROS production as the 

mitochondrion is a key organelle for advancing oxidative stress, and therefore the influence of 
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AMPK activation towards mitochondrial stability provides a protective signal against an 

oxidative stress environment (Park et al. 2018). A previous in vitro study confirmed the effect of 

a natural Chinese medicine (Sipjeondaebo-tang) on AMPK-activated mitochondrial protection 

by monitoring the temporal response of AMPK phosphorylation following treatment, and 

analysing immunoblot results to determine the maximal increase in phosphorylation (Park et al. 

2018). Following this, a chemical inhibitor was used to inhibit AMPK in HEPG2 cells, prior to 

Sipjeondaebo-tang treatment. This enabled researchers to identify the inhibition of the 

protective effect of Sipjeondaebo-tang treatment on the mitochondrial membrane of cells, using 

flow cytometric analysis of fluorescence intensity (Park et al. 2018). In a future study, a similar 

protocol could be followed to determine whether tiger nut oil and black seed oil are able to 

restore mitochondrial integrity via AMPK activation and protect cells by the consequential 

reduction in oxidative stress.  

The ability to control the severity of ROS-induced cellular damage, and enhanced cell sickling in 

SCA, should be taken advantage of. The tested natural products are especially fitting for a novel 

antioxidant dietary supplement due to the more powerful antioxidant activity and phenolic 

concentration of plants than fruits, vegetables or cereals (Xu et al. 2017). Further evidence is 

provided here for the potential future exploitation of tiger nut oil and black seed oil for 

pharmaceutical purposes, alongside their previously established nutritional benefits, therefore 

introducing a role as nutraceuticals.  
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Chapter four: Determining the in vitro anti-sickling efficacy of N. 

sativa and C. esculentus oils, using a range of assays 

 

4.1 HbA, HbAS and HbS erythrocyte morphology  

4.1.1 Introduction 

The most notable and unique characteristic of SCA is the abnormal morphology of erythrocytes. 

Sickle shaped RBCs are easily distinguishable from normal discoid RBCs, under microscopic 

observation. Evaluation of a patient’s blood film is a routine part of clinical care (Ozpolat et al. 

2015) and the most accessible and affordable way to identify morphology and potentially 

disease severity. Whilst light microscopy visualises 2D images only, it has been used 

comprehensively to identify the percentage of sickling cells following in vitro treatment, 

especially in preclinical studies (Darrow et al. 2016). For example, a potential anti-sickling drug, 

compound 5C, was used to treat sickle cells and the percentage of sickled cells observed was 

compared to that of saline-treated sickle cells (Darrow et al. 2016). A decrease from ~60% sickle 

cells to ~25% sickle cells was observed from negative control to tested sample and suggested 

that the degree of erythrocyte morphology alterations could be reduced through this in vitro 

treatment (Darrow et al. 2016).  

The sickling test has also been used within established research, as a way of identifying the anti-

sickling potential of novel treatments. Sodium metabisulphite (Na2S2O5) can be used as a 

reductant to produce deoxygenation (Chikezie 2011). Under these circumstances, HbS will 

undergo polymerisation and the typical sickle cell morphology will be induced; HbA erythrocytes 

will be unaffected (Torabian et al. 2017). An in vitro study into the anti-sickling potential of the 

traditionally used herbal medicine Zanthoxylum heitzii (a plant found and used in regions of 

Africa) incubated 2% sodium metabisulphite with HbS blood samples, before treating the 

samples with Z. heitzii extracts (Pauline et al. 2013). It was deduced that 2 hours incubation was 

adequate to induce maximum cell sickling (Pauline et al. 2013). The results of this study 

identified a significant difference between the percentage of sickling cells post-treatment and 

pre-treatment (Pauline et al. 2013). This was therefore viewed as promising for further research, 

particularly in vivo, to encourage the supplementation of dietary antioxidants in SCA sufferers, 

to strengthen defence against oxidative stress and linked sickle cell symptoms. This suggests 

that the in vitro evaluation of erythrocyte morphology and observed percentages of sickled cells 
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following sodium metabisulphite-induced polymerisation, are useful and necessary when 

investigating novel, plant-based products.  

Sodium metabisulphite is viewed as a stable choice of reducing agent due to its slow oxidation 

in aqueous solution (~6 months) and its low commercial cost as a reagent (Torabian et al. 2017). 

Sodium metabisulphite was also compared to sodium hydrosulphite, another reducing agent 

used in similar sickling tests, where sodium metabisulphite’s stable storage life and ability to 

deoxygenate HbS in a steadier process resulted in its promotion (Torabian et al. 2017). By 

deoxygenating HbS in a continuous and progressive manner, the rigid polymers formed were 

more structured and comparable to those occurring in SCA. This was in comparison to the faster 

polymerisation induced by sodium hydrosulphite, which resulted in less organised and shorter 

haemoglobin fibers (Torabian et al. 2017). Therefore, sodium metabisulphite was used in this 

study.  

Aim 

To determine the morphology of HbA, HbAS and HbS erythrocytes, following treatment with 

tiger nut oil and black seed oil and with a reducing agent, sodium metabisulphite. 

Objectives 

• To incubate HbA, HbAS and HbS packed RBC samples with 0.1% tiger nut oil, 1% tiger 

nut oil, 0.1% black seed oil, 1% black seed oil, 0.1% synergy oil and 1% synergy oil, as 

test samples. 

• To incubate HbA, HbAS and HbS packed RBC samples with 0.9% saline as negative 

control, and with 1% vitamin E as positive control.  

• To additionally induce HbS cell sickling with sodium metabisulphite. 

• To produce microscopic observations of the blood samples. 

4.1.2 Method 

Erythrocyte morphology of HbA, HbAS and HbS samples 

Packed red blood samples of HbA, HbAS and HbS were mixed with 0.1% and 1% concentrations 

of oils, in a 1:1 ratio. These samples were left to incubate for 2 hours at room temperature. 

Blood smears of each sample were prepared and observed under a light microscope. 

Photographs of the cell morphology were taken from four random fields of view. The tested oils 
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were replaced by 0.9% saline and 1% vitamin E, as the negative and positive control, 

respectively. Each blood sample was tested in triplicate. 

Sickling test of HbAS and HbS samples 

Sodium metabisulphite was made up to a solution of 2% by adding 2g of sodium metabisulphite 

to 100ml of distilled water. 

An addition of 2% sodium metabisulphite to the packed RBC samples of HbAS and HbS was 

undertaken. An incubation period of 2 hours at room temperature followed. After incubation, 

the oils (1% tiger nut oil and 1% black seed oil, individually), the negative control or the positive 

control were each added to samples in a 1:1 ratio to the volume of blood. Samples were 

incubated for a further 2 hours at room temperature and the remaining protocol was followed 

regarding blood smears, as described in ‘Erythrocyte morphology of HbA, HbAS and HbS 

samples’ section. Cell counts of sickle cells and total RBCs were taken from four random fields 

of view, for each sample. Each blood sample was tested in triplicate.  

4.2 Osmotic fragility of HbS blood 

4.2.1 Introduction 

Osmotic fragility is a measurement of erythrocyte susceptibility to haemolysis in increasingly 

hypotonic solutions; essentially, how large a volume of water RBCs can hold before lysing. A 

hypotonic solution creates an environment of osmotic stress for erythrocytes. The volume-to-

surface area ratio of erythrocytes is a deciding factor of their resistance to lysis; in normal, non-

sickle cells, the biconcave discoid shape means that RBC membranes can stretch to withstand 

osmotic stress to a limited extent, before haemolysis. In SCA, osmotic fragility is reduced 

compared to non-sickle, and erythrocytes are more resistant to lysis. This is due to a larger 

surface area-to-volume ratio than normal blood cells. The sickle morphology of a cell results in 

an increase in total membrane capacity in relation to cell size. It has been proposed that an 

observed decrease in osmotic fragility denotes an increase in RBC life span (Ibegbulem, Eyong, 

and Essien 2011). This is particularly valuable for SCA as erythrocytes have a shortened life span 

of approximately 10-20 days, whilst normal erythrocytes have a circulatory lifespan of 

approximately 120 days. Older erythrocytes have increased fragility and so this also contributes 

to the reduced resistance of RBCs seen in the normal range of osmotic fragility, compared to 

SCA. Clearly, an agent that has the capacity to decrease sickle cell membrane fragility and 
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consequently potentially increase the survival time of each cell would be a huge advantage to 

the functioning of the circulatory system.  

Herbal approaches to improving erythrocyte fragility have not been extensively studied, but it 

has been shown that Ginkgo biloba, an endangered tree species used traditionally in Chinese 

medicine and accepted as having antioxidant properties, can improve erythrocyte resistance 

(Bone and Mills 2013). The half maximal effective concentration (EC50) value of osmotic fragility 

of normal erythrocytes treated with a range of concentrations of ginkgo was significantly lower 

than that of the untreated control (He et al. 2009). However, it has also been found that some 

plants can induce haemolysis, such as Ferula harmonis (a Middle Eastern plant descended from 

the carrot family), or have no effect at all, such as Solanum tuberosum (potato) (Hawamdeh, 

Sawalha, and Al-Gharaibeh 2010). In regards to in vitro herbal medicine treatments of sickle 

cells, Zanthoxylum heitzii (a tropical plant used primarily in African regions for traditional 

therapeutic purposes) has been shown to be effective at reducing haemolysis % of sickle 

erythrocytes compared to untreated sickle cells (Pauline et al. 2013). Due to this, the importance 

of identifying the effect of both tiger nut oil and black seed oil on erythrocyte membrane 

protection is evident.  

Aim 

To determine the effect of in vitro treatment with tiger nut oil and black seed oil on the osmotic 

fragility of HbS erythrocytes.  

Objectives 

• To produce a range of concentrations of saline (0% - 0.9%). 

• To incubate HbS blood samples with each saline concentration and each oil (1% tiger 

nut oil and 1% black seed oil). 

• To take absorbance readings of all supernatant samples. 

• To calculate percentage haemolysis of each sample, based on absorbance values.  

• To show effect on haemolysis through osmotic fragility curves, expressed as % 

haemolysis. 

 

4.2.2 Method 
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In vitro treatment 

Saline was made to various concentrations (0%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 

0.9%), using distilled water. Prior to use, HbS whole blood samples were diluted in PBS (1:2). In 

1.5ml microcentrifuge tubes, 50µl of HbS blood was added to each concentration of saline and 

incubated at room temperature for 4 hours. This served as the negative control. For the test 

samples, the same protocol was followed, with the further addition of 50µl of each natural 

product (1% tiger nut oil and 1% black seed oil, individually), before incubation. This was also 

repeated with 50µl of the vitamin E positive control replacing the tested natural products. All 

samples were centrifuged at 3000rpm, for 5 minutes. The resulting supernatant of a sample was 

transferred into a cuvette; the supernatant from the negative control 0.9% saline sample was 

used as a blank, due to zero haemolysis. The absorbance was determined at 540nm, using a 

spectrophotometer. The 0% saline sample was referred to as 100% lysis of the erythrocytes, 

whilst the 0.9% saline sample was referred to as 0% lysis of the erythrocytes. 

Calculations 

The haemolysis of each sample was found as a percentage, using equation 5. 

Haemolysis (%): 

 

(Absorbance of sample/absorbance of 100% lysis sample) x 100 

 

Equation 5. Calculation to determine sample haemolysis as a percentage, based on spectrophotometric values. 

This allowed osmotic fragility curves to be plotted, showing the % haemolysis of each sample 

against the concentration of saline used.  

Statistical analysis 

The haemolysis of each sample per NaCl solution was calculated as mean ± SE and plotted as a 

fragility curve. Statistical analysis was undertaken using samples t-test on the results, to 

determine statistical significance between control and treatment groups. SPSS (IBM, version 21) 

was used for statistical analysis. 
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4.3 HbS polymerisation assay  

4.3.1 Introduction 

The polymerisation of sickle haemoglobin has become a more widely acknowledged and 

investigated aspect of SCA. This is not only due to the belief that it has a significant role in the 

pathology of SCA but also because even a small reduction in HbS polymerisation inhibition can 

have a great therapeutic impact for the sufferer (Eaton and Bunn 2017). The haemoglobin fibres 

that form under hypoxic conditions experience a lag phase before polymerisation, which is 

delayed to a greater extent when there is a reduction in HbS presence (Eaton and Bunn 2017). 

It has been found that the sensitivity of this delay is such that a 10-fold increase in delay time 

can be achieved by a reduction of only 8% sickle haemoglobin concentration (Eaton and Bunn 

2017). Ordinarily, the transit time for RBCs through the microcirculation is shorter than that of 

the lag phase preceding haemoglobin fibre formation (Mozzarelli, Hofrichter, and Eaton 1987). 

In this way, most RBCs are able to travel through arterioles, capillaries and into venules before 

reoxygenation in the lungs, therefore escaping HbS polymerisation when deoxygenated through 

capillaries (Iqbal et al. 2013). However, there are instances where the transit time is longer than 

the lag phase; this can be due to erythrocyte-endothelial adhesion and leukocyte-endothelial 

adhesion, particularly in infectious states when leukocyte count is higher than normal (Eaton 

and Bunn 2017). For example, a high WBC count of >11 ×109 cells/L has been associated with 

factors including a cough and increased HbS presence in sickle cell patients (Ahmed et al. 2017). 

This suggests high leukocyte count, particularly neutrophils, as being a risk factor for SCA (Zhang 

et al. 2016). Under the circumstance of increased transit time of erythrocytes, RBCs will undergo 

HbS fibre formation during hypoxia in capillaries and will contribute to the onset of a vaso-

occlusive crisis. It is also possible for erythrocytes to continue carrying the polymerised 

haemoglobin despite reoxygenation (Noguchi, Torchia, and Schechter 1983) and so also 

contributing to crisis state.  

It has previously been found that vanillin, an organic, phenolic compound extracted from vanilla 

beans, has the ability to reduce HbS polymerisation through a concentration-dependent 

reduction in HbS (Iqbal et al. 2013). This occurs through allosteric regulation (Iqbal et al. 2013), 

a naturally occurring process which leads to a conformational change of the haemoglobin 

molecule to its high oxygen affinity relaxed (R) state (Steinberg et al. 2009). This prevents tense 

(T) state of haemoglobin, known as deoxyhaemoglobin, which has a low affinity for oxygen and 

therefore T state has the greatest susceptibility to haemoglobin gelation. Vanillin is able to 
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exacerbate this process and its effect applies to both HbA and HbS molecules, as it has been 

shown that vanillin binds to both haemoglobin types and causes oxygen equilibrium curves to 

move to the left (Abraham et al. 1991). This denotes an increase in Hb-oxygen affinity (Abraham 

et al. 1991). Vanillin has been shown to possess strong antioxidant capacity, when tested using 

ABTS(+)-scavenging assay and oxygen radical absorbance capacity (ORAC) assay (Tai et al. 2011). 

It was also found that in an in vivo study, mice that orally consumed vanillin on a daily basis had 

an increased concentration of vanillin in plasma and an increased antioxidant plasma 

concentration (Tai et al. 2011), as shown by the mentioned assays.  

The proven ability of several natural agents, particularly with strong antioxidant capacity, to bind 

to and modulate HbS, and inhibit fibre formation, is promising in the search for novel anti-

sickling products. A compound that can also reduce blood cell adherence would prevent 

increased transit time through the microcirculation and therefore avoid haemoglobin polymer 

growth during deoxygenation in capillaries. This shows the importance of investigating the effect 

of potential treatments, such as tiger nut oil and black seed oil, on HbS polymerisation as a way 

of gauging anti-sickling and anti-crisis success. 

Aim 

To determine the effect of tiger nut oil and black seed oil on HbS and HbAS blood, on the rate of 

HbS polymerisation inhibition.  

Objectives 

• To produce HbS and HbAS haemolysates. 

• To treat HbS and HbAS haemolysates with 1% tiger nut oil, 1% black seed oil and 1% 

synergy oil. 

• To treat HbS and HbAS haemolysates with 0.9% saline as negative control, and with 1% 

vitamin E as positive control.  

• To use sodium metabisulphite, to decrease oxygen tension and therefore induce HbS 

polymerisation. 

• To take absorbance readings of all samples at consistent intervals. 

• To calculate the percentage of HbS polymerisation inhibition of all samples based on 

absorbance values.  

• To show the effect of the oils on HbS polymerisation, expressed as % inhibition, through 

graph representation.  
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4.3.2 Method 

HbS and HbAS haemolysate 

Whole HbS and HbAS blood samples were washed with 0.9% saline and centrifuged 3 times, as 

described in ‘Blood Fractionation’ chapter. Following the third centrifugation, the supernatant 

was discarded, and the resultant packed RBCs were mixed with distilled water, in a ratio of 1:1. 

The blood cells were stored at -20°C for 24 hours. Prior to use, the frozen RBCs were thawed to 

ensure complete lysis. The resultant haemolysate was used for the polymerisation protocol.  

Polymerisation induction 

2% sodium metabisulphite was made immediately before use; 880µl was then added to a 

cuvette, along with 100µl of 0.9% saline (negative control). 20µl of HbS or HbAS haemolysate 

was added to the cuvette, mixed thoroughly and an absorbance reading taken on a 

spectrophotometer at 700nm. The absorbance readings were continually taken every 2 minutes 

for a total of 14 minutes. This was repeated with HbS and HbAS haemolysate, replacing 100µl of 

0.9% saline for 100µl of 1% tiger nut oil, 1% black seed oil and 1% synergy oil, separately, as test 

samples. Additionally, 100µl of 1% vitamin E was used as a positive control.  

Calculations 

The triplicate readings were recorded, and the percentage of polymerisation was calculated 

using equation 6. 

HbS polymerisation (%) =  

[At x 100] / [Ac14th minute] 

 

Where, At = Absorbance of test/control sample at time = t minute;  

Ac14th minute = Absorbance of control sample at 14th minute 

Equation 6. Calculation to find the percentage of sickle haemoglobin polymerisation, based on regular intervals of 

spectrophotometric absorbance readings. 

Statistical analysis 

The mean of each sample was calculated and shown as mean ± SE. A one-way ANOVA and Tukey 

post-hoc statistical analysis was undertaken on the results, to determine statistical significance. 

SPSS (IBM, version 21) was used for statistical analysis. 
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4.4 Results 

4.4.1 Erythrocyte morphology following in vitro oil treatments 

The anti-sickling potential of the natural oil treatments was visualised microscopically. The 

erythrocyte morphologies of HbA, HbAS and HbS samples treated with tiger nut oil, black seed 

oil and synergy oil were compared to one another, as well as with the morphology of identical 

blood samples treated with a negative and positive control. 

HbA 

 

 

Figure 29. Photomicrography of HbA erythrocytes treated in vitro with (i) 0.9% saline negative control, (ii) 1% tiger nut 

oil, (iii) 1% black seed oil, (iv) 0.1% synergy oil, (v) 1% synergy oil, (vi) 1% vitamin E positive control, following 24-hour 

incubation. Samples were viewed using a light microscope (x100) and morphology was assessed. 

Figure 29 shows the erythrocytes of HbA samples, incubated with the negative control, 1% tiger 

nut oil, 1% black seed oil, 0.1% synergy oil, 1% synergy oil and with the positive control, 

individually. All samples exhibited biconcave, discoid erythrocytes. The HbA samples treated 
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with 0.1% tiger nut oil and with 0.1% black seed oil (figures not shown) also showed normal 

erythrocytes, like figures 29ii and 29iii. There were no evident differences between the cell 

arrangement of the untreated control, treated samples and positive control of the HbA 

erythrocytes. A comparison of the individual oil treatments of HbA erythrocytes, to the HbA 

erythrocytes treated with the synergy oil found little difference between morphological results 

of each. Figures 29ii, 29iii and 29v all displayed normal, non-sickle RBCs. 

HbAS 

 

 

 

Figure 30. Photomicrography of HbAS blood treated in vitro with (i) 0.9% saline negative control, (ii) 1% tiger nut oil, 

(iii) 1% black seed oil, (iv) 0.1% synergy oil, (v) 1% synergy oil, (vi) 1% vitamin E positive control, following 24-hour 

incubation. Samples were viewed using a light microscope (x100) and morphology was assessed. 

Figure 30 shows the erythrocytes of HbAS samples, incubated with the negative control, 1% tiger 

nut oil, 1% black seed oil, 0.1% synergy oil, 1% synergy oil and with the positive control,  
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individually. All samples presented normal biconcave, discoid erythrocytes as a result of each in 

vitro treatment; no sickle cells were observed. The HbAS samples treated with 0.1% tiger nut oil 

and with 0.1% black seed oil (figures not shown) also showed normal erythrocytes, like figures 

30ii and 30iii.  There were no apparent morphological differences between the untreated 

control, treated samples and positive control of the HbAS erythrocytes. This followed a similar 

pattern of morphology as seen in HbA erythrocytes (figure 29).  

HbS 

 

 

 

 

 

 

 

Figure 31. Photomicrography of HbS blood treated in vitro with (i) 0.9% saline negative control, (ii) (iii) 1% tiger nut 

oil, (iv) (v) 1% black seed oil, (vi) 0.1% synergy oil, (vii) 1% synergy oil, (viii) 1% vitamin E positive control, following 24-

hour incubation. Samples were viewed using a light microscope (x100) and morphology was assessed. 
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Figure 31 shows the erythrocytes of HbS samples, incubated with the negative control, 1% tiger 

nut oil, 1% black seed oil, 0.1% synergy oil, 1% synergy oil and with the positive control, 

individually. The negative control (figure 31i) displayed a distinctly sickle population of 

erythrocytes; RBCs did not show the intact, discoid morphology as observed in negative control 

HbA and HbAS cells (figures 29i and 30i, respectively). There was also a lack of equal dispersion 

of cells in the HbS negative control, suggesting adhesion of erythrocytes to one another. This 

was possibly due to a loss of zeta potential, which occurs when aggregative forces between RBCs 

are greater than the zeta potential repulsive forces between them, and therefore encourages 

RBC clumping (Fernandes, Cesar, and Barjas-Castro 2011), as was observed in the negative 

control HbS sample. This was a contrast to the negative control HbA and HbAS cells, where cells 

did not appear clustered and were generally distinct. The HbS samples treated with 1% tiger nut 

oil showed a distinctive reversal of erythrocyte morphology, presenting discoid cells following 

treatment (figure 31ii). However, it was witnessed that sickle cells were still present in the 

sample but at a noticeably lower ratio than seen in the negative control. HbS samples treated 

with 1% black seed oil showed a similar anti-sickling effect (figure 31iv) following incubation. As 

with tiger nut oil, a presence of sickle cells remained (figure 31v), albeit also at a lower ratio than 

observed in the negative control. The sickle cells incubated with 0.1% tiger nut oil and 0.1% black 

seed oil followed a similar pattern of sickle cell reversal (figures not shown) as observed with 1% 

tiger nut oil and 1% black seed oil. The HbS samples treated with 0.1% synergy oil displayed a 

clear anti-sickling result, due to the biconcave, discoid structure of the erythrocytes (figure 31vi). 

HbS samples treated with 1% synergy oil also presented a physical reversal of RBC sickle 

morphology (figure 31vii), when compared to the negative control. HbS incubation with the 

positive control (figure 31viii) showed a reversal of sickle cells compared to the negative control, 

as expected for a positive control sample. Overall, there were clear morphological differences 

between the negative control and the treated samples of the HbS erythrocytes.  

A comparison of the individual oil and synergy oil treatments of HbS erythrocytes exhibited 

similarities. Figures 31ii, 31iv and 31vii all exhibit erythrocytes void of the typical characteristics 

of SCA, as discoid cell morphology was shown; there was a much greater proportion of non-

sickle cells than sickle cells, unlike the results of the negative control (figure 31i). However, there 

was no clear superiority of treatment with individual tiger nut oil or black seed oil, over 

treatment with synergy oil, when assessing erythrocyte morphology.   



Chapter four: Determining the in vitro anti-sickling efficacy of N. sativa and C. esculentus oils, 
using a range of assays 

132 | P a g e  
 

4.4.2 Sodium metabisulphite sickling test 

Microscopic observation of erythrocytes following incubation with sodium metabisulphite is a 

widely used method of determining the presence of haemoglobin S in tested samples. The use 

of sodium metabisulphite enforced a decrease in oxygen tension and therefore induced HbS 

polymerisation and cell sickling of erythrocytes. The oils were used to treat HbAS and HbS blood 

samples and the sodium metabisulphite sickling test followed. The total number of RBCs were 

counted in a field of view, along with total number of sickle cells in the same field of view; these 

values were used to calculate the % of sickle cells present. Four fields of view were chosen per 

sample and experimental triplicates per sample were used to calculate an average % of sickle 

cells per treatment, for both haemoglobin variants.  

Effect of natural oil treatments on HbAS vs. HbS erythrocyte sickling 

 

Figure 32. Mean cell sickling % of HbAS and HbS erythrocytes, following incubation with 1% oil treatments and 2% 
sodium metabsiulphite. NEG CONTROL = saline negative control, TN = tiger nut oil, BS = black seed oil, POS CONTROL 
= 1% vitamin E positive control. Data shown as mean ± SE; n = 4. Tukey post-hoc statistical analysis was undertaken: 
(***) p < 0.001, compared to negative control within the same Hb variant. (^) p < 0.05, (^^) p < 0.01, compared to 
positive control within the same Hb variant. 
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Evidently there was a reduction in the cell sickling % of all treated HbAS blood samples, 

compared to the negative control (figure 32). One-way ANOVA and Tukey post-hoc statistical 

analysis showed that there was a statistically significant difference between the mean cell 

sickling % of the negative control (7.01 ± 0.29%) and all other treatments (p <0.01). Whilst black 

seed oil had a slightly lower % of cell sickling than tiger nut oil (2.80 ± 0.07% vs. 3.23 ± 0.12%, 

respectively), this was not statistically significant (p > 0.05). The results for 1% (v/v) black seed 

oil and the positive control were trending distinctly towards significance (2.12 ± 0.10%, p = 

0.057), and significant difference was found between 1% (v/v) tiger nut oil mean cell sickling % 

and the positive control (p = 0.03).  Both treatments showed anti-sickling effects on HbAS RBCs, 

shown as a significant decrease of % sickle cells, which mimics the effect seen from the 

antioxidant positive control.   

The results of a one-way ANOVA and Tukey post-hoc statistical analysis showed that there was 

a statistically significant decrease in % cell sickling of HbS samples from the negative control 

(33.98 ± 0.37%) to all other treatments (p <0.01) (figure 32). A comparison of the anti-sickling 

activity of 1% (v/v) tiger nut oil and 1% (v/v) black seed oil showed non-significance between 

mean cell sickling percentage (18.77 ± 0.45% vs. 15.86 ± 0.24%, p > 0.05). However, the natural 

oil treatments had higher mean cell sickling % values than the positive control, with statistical 

significance (10.94 ± 0.33%, p = 0.016 for BS, p = 0.001 for TN). Both in vitro groups showed 

efficacy as anti-sickling agents in HbS blood, due to the observed decrease of sickle cells, similar 

to the effect produced by the antioxidant positive control.   

The tested oil treatments demonstrated a greater decrease in % cell sickling compared to the 

negative control in HbS blood samples, than seen in HbAS blood samples (figure 32). In both 

haemoglobin variants, 1% (v/v) black seed oil produced a lower cell sickling value than 1% (v/v) 

tiger nut oil. However, the HbS blood samples incubated with the in vitro treatments were 

unable to match or produce lower mean % cell sickling values than observed in HbAS samples 

of the same treatment.  

4.4.3 HbS polymerisation assay 

Sodium metabisulphite was used as a reductant, to monitor the polymerisation of HbS 

molecules in sickle haemolysate samples. Increasing absorbance of samples correlated with the 

progression of HbS polymerisation and so from recorded absorbance values, average 

polymerisation percentages could be calculated. Comparative polymerisation percentages of 

the tested plant-based oils can be seen in figure 33.  
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 All three of the tested oils showed lower HbS polymerisation percentages than the negative 

control, at every time point. It can be seen in figure 33 that 1% (v/v) black seed oil had the 

greatest effect on the HbS haemolysate, followed by 1% (v/v) synergy oil and 1% (v/v) tiger nut 

oil. The greatest increase in the rate of polymerisation was observed at 0 < t < 1 minutes, for all 

test samples. The percentage of polymerisation occurring then remained steadily increasing 

until the 15th minute of testing. Tukey post-hoc analysis identified significance of the mean 

differences between the HbS polymerisation percentage of the negative control (100 ± 0%) and 

the positive control (70.83 ± 8.4%, p = 0.022) at the 15th minute. However, at this time point 

statistical significance could not be concluded between the mean differences of the negative 

control and 1% (v/v) tiger nut oil (88.37 ± 3.83%, p > 0.05), the negative control and 1% (v/v) 

black seed oil (78.46 ± 6.88%, p > 0.05), or the negative control and 1% (v/v) synergy oil (83.1 ± 

0

20

40

60

80

100

120

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R
e

la
ti

ve
 p

o
ly

m
e

ri
sa

ti
o

n
 (

%
)

Time (minutes

NEG CONTROL TN BS SYN POS CONTROL

*

 

Figure 33. Average HbS polymerisation percentage of HbS haemolysate samples with 2% sodium metabisulphite and 
1% oils of interest. NEG CONTROL = saline negative control, TN = tiger nut oil, BS = black seed oil, SYN = synergy oil, 
POS CONTROL = 1% vitamin E positive control. Data shown as mean ± SE; n = 4. Tukey post-hoc statistical analysis 
was undertaken: (*) p < 0.05, compared to positive control. 
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9.08%, p > 0.05). Despite this, the average polymerisation percentage of each of the three tested 

oil treatments also revealed an insignificant difference to the positive control value (p > 0.05). 

This suggests that the ability of the plant-based oils to reduce HbS polymerisation was not 

dissimilar to that of the positive control.  

4.4.4 Osmotic fragility of HbS blood 

The resistance of treated HbS whole blood samples against haemolysis, following mixing with 

hypotonic NaCl solutions ranging from 0 – 0.9%, was determined. The osmotic fragility of each 

sample, deduced from fragility curves based on the % of haemolysis and the % of NaCl solution, 

enabled structural changes to the membranes of treated erythrocytes to be identified, when 

compared to the control.  
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Figure 34. Fragility curves showing the osmotic fragility of HbS blood samples treated in vitro with 1% oils. The % of 
haemolysis from each NaCl solution was calculated relative to 100% haemolysis (occurring with 0% NaCl), for each 
treatment sample. NEG CONTROL = saline, TN = tiger nut oil, BS = black seed oil, SYN = synergy oil, POS CONTROL = 
1% vitamin E positive control. Data shown as mean ± SE; n = 6. 
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Table 6. Mean corpuscular fragility (MCF) value at 50% haemolysis for in vitro 1% (v/v) treatments of HbS blood 

samples, extrapolated from fragilogram curve (figure 43). NEG. CONTROL = saline negative control, TN = tiger nut oil, 

BS = black seed oil, POS. CONTROL = 1% vitamin E positive control.   

Figure 34 shows the fragility curves of HbS blood samples following treatment with 1% (v/v) oils. 

There was a clear alteration of the osmotic fragility of treated samples compared to the negative 

control; both oil treatments reduced the osmotic lyses of erythrocytes, resulting in a shift of the 

fragilogram curves to the left. As expected, the positive control shifted the furthest to the left, 

followed by tiger nut oil and then black seed oil. Table 6 corroborates the results seen in figure 

38 as the MCF values at 50% haemolysis were lower for treated sickle cells than untreated 

(0.51g/L), with tiger nut oil showing only a slightly lower result than black seed oil (0.43g/L vs. 

0.44g/L).  

 

 

 

 

 

Sample 

MCF (NaCl) 

g/L 

NEG. 

CONTROL 0.51 

TN 0.43 

BS 0.44 

POS. 

CONTROL 0.42 
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Intervals were created on the fragility curves (figure 35), based on curve tendencies; interval I 

(0 – 0.3% NaCl), interval II (0.3 – 0.6% NaCl, hypotonic interval) and interval III (0.6 – 0.9% NaCl, 

isotonic interval). The mean haemolysis of each interval was calculated and exposed the reduced 

osmotic fragility of tiger nut oil-treated erythrocytes and black seed oil-treated erythrocytes, 

compared to untreated RBCs, in both interval I and II (figure 35). Paired samples t-test identified 

a statistically significant difference between the lower osmotic fragility of tiger nut oil-treated 

HbS blood and the negative control, in interval II (48.26 ± 10.42% vs. 58.53 ± 10.66%, p = 0.022). 

In the same interval, statistical analysis also found the osmotic fragility of black seed oil treated 

HbS blood to be significantly lower than that of the negative control (50.38 ± 10.22% vs. 58.53 ± 

10.66%, p = 0.041).  The difference between the negative control and positive control in the 

hypotonic interval was statistically significant, as expected (45.1 ± 10.52% vs. 58.53 ± 10.66%, p 
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Figure 35. Mean osmotic fragility of the NaCl intervals, for HbS blood samples treated in vitro with the 1% (v/v) oils. 
NEG CONTROL = saline negative control, TN = tiger nut oil, BS = black seed oil, POS CONTROL = 1% vitamin E positive 
control. Data shown as mean ± SE. Samples t-test statistical analysis was undertaken: (*) p < 0.05, compared to 
negative control of the same interval. 
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= 0.031). Analysis of interval III results showed that the decrease on osmotic fragility of HbS 

erythrocytes treated with tiger nut oil was approaching significance, when compared to the 

negative control (6.39 ± 4.85 vs 9.57 ± 6.03%, p = 0.083). Overall, the 1% (v/v) tiger nut oil and 

1% (v/v) black seed oil both showed promising results regarding the reduction of osmotic lyses 

of sickle erythrocytes.  

4.5 Discussion 

In this study, various methods were used to evaluate the anti-sickling effect of black seed oil, 

tiger nut oil and the synergy oil of both products. The methods include slide microscopy, sodium 

metabisulphite-induced sickling test, polymerisation of sickle haemoglobin assay and an osmotic 

fragility test. These are standard, reliable and economic haematological methods (Ibraheem, 

Ahmed, and Hassan 2010). 

A reduction in the quantity of cell sickling was observed in treated HbAS and HbS samples, 

compared to untreated equivalent samples. Sodium metabisulphite was successfully used to 

cause deoxygenation of erythrocytes and therefore disrupted normal cell morphology, 

alongside an enhancement of sickle haemoglobin polymerisation. The use of tiger nut oil, black 

seed oil and the synergy oil all led to a decrease in the percentage of haemoglobin molecules 

undergoing polymerisation. Black seed oil was seen to possess the greatest anti-HbS gelation 

activity, which correlates to the strong antioxidant capacity determined in previous assays. It 

has been theorised that the cause of the anti-sickling effect seen in black seed oil-treated 

samples is due to the presence of thymoquinone in black seed extracts (Ibraheem, Ahmed, and 

Hassan 2010). It is thought that thymoquinone may act as a calcium antagonist; irreversible 

sickle cells (ISCs) have calcium levels three to seven times higher than non-sickle cells, and two 

times higher than reversible sickle cells (Ahmed, Al-Diwan, and Jawad 1997). It is believed that 

ISCs are major contributors to the onset of vaso-occlusive crises, with their high calcium level 

playing a factor in this process. Additionally, evidence has shown that the properties of ISCs, 

such as membrane rigidity, reduced osmotic fragility and deformability, are associated to the 

elevated calcium content. Several calcium antagonist drugs have been shown to reduce the 

formation of ISCs in in vitro studies, including methoxyverapamil and diltiazem (Ahmed, Al-

Diwan, and Jawad 1997). It was suggested that this occurred as the blocking of calcium influx, 

caused by the drugs, inhibited the calcium-activated potassium channel (Ca2+-activated K+, 

Gardos channel). During deoxygenation of sickle red blood cells, this would then prevent cell 

dehydration and potassium loss, caused by Gardos channel activation, and consequently reduce 
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ISC formation and cell sickling (Ahmed, Al-Diwan, and Jawad 1997). Ibraheem, Ahmed and 

Hassan (2010) have offered this calcium antagonistic action as a mechanism of action for the 

anti-sickling effect observed by black seed extracts, and so it is possible that this too could 

explain the in vitro results produced by black seed oil in the current study. 

The findings agree with Ibraheem et al (2010), whereby the anti-sickling effect of black seed oil 

at 0.1% concentration was confirmed. However, the lack of differentiation between the anti-

sickling effects of 0.1% and 1% oils of black seed suggest that the concentrations were too low 

to initiate an active concentration-response relationship. Alternatively, the 10-fold 

concentration increase may not have enhanced the presence of thymoquinone significantly 

enough to catalyse the anti-sickling effect. The results further maintain the notion that the 

antioxidant nature of these plant-based products is responsible for the anti-sickling and anti-

polymerisation effect observed. The osmotic fragility of sickle cell erythrocytes was deduced 

through spectrophotometric values based on the degree of free heme released, following 

erythrocyte lysis (Thakur et al. 2016). Osmotic fragility was reduced following in vitro treatment 

with both tested natural oils, implying that a potential negative side effect of haemolysis would 

be unlikely.  

Similarly, Nwaoguikpe (2010) published evidence of the anti-sickling power of tiger nut extracts. 

In relation to the polymerisation of HbS, extracts of tiger nut have previously been shown to 

acquire anti-HbS gelation action also (Monago and Uwakwe 2009). It is possible that is due to 

the high concentration of arginine, an amino acid, found in tiger nuts (Nwaoguikpe 2010). It has 

been established that arginine has extensive anti-sickling properties, believed to be due to its 

ability to stimulate nitrogen oxide (NO) production. NO plays a significant role in maintaining 

blood vessel tone, as well as regulating endothelial adhesion (Nwaoguikpe et al. 2012). 

Researchers have suggested that NO can inhibit the Gardos channel, which would prevent the 

loss of potassium via this channel and therefore reduce the likelihood of red blood cell 

dehydration and polymerisation (Nwaoguikpe et al. 2012). Therefore, the presence of arginine 

in tiger nuts could be responsible for the anti-sickling effect observed, due to the consequential 

production of NO and the following inhibition of the Ca2+-activated K+ (Gardos) channel.  

The current findings regarding the effect of in vitro black seed oil on HbS polymerisation are the 

first to be undertaken, yet the positive antioxidant and anti-sickling response exhibited by this 

product indicate the reliability of the anti-HbS gelation effect identified. On the other hand, the 

anti-haemolytic effect of black seed has been thoroughly documented. A previous study has 
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described a decrease in the osmotic fragility of erythrocytes treated with varying concentrations 

of aqueous black seed extract (Saad and Habib 2013). The concentrations of black seed used by 

Saad and Habib (2013) ranged from 1.25% - 7.5%, implying that the 1% oil extract used in this 

present study was adequate, yet higher concentrations may also have a greater anti-haemolytic 

effect. This effect is believed to be due to the presence of flavonoids, as well as the enhanced 

presence of SOD-like activity in correlation with a higher concentration of black seed product 

(Saad and Habib 2013). With tiger nut, there are few publications focusing on its efficacy as an 

anti-haemolytic agent. However, it was found by Thakur et al (2016) that Cyperus rotundus, a 

species of sedge descending from the same family as Cyperus esculentus, showed anti-

haemolytic activity. This inhibition of haemolysis was believed to be due to the actions of 

flavonoids and alkaloids (Thakur et al. 2016). It has been shown that flavonoids are capable of 

increasing protein -SH groups of red blood cell membranes and reducing RBC haemolysis; 

protein -SH groups are of importance due to their role in maintaining cell membrane integrity 

(Asgary, Naderi, and Askari 2005). However, during oxidative stress, membrane -SH groups 

undergo oxidation by free radicals and form disulphide bonds. The protection offered by 

flavonoids against -SH group oxidation, and their ability to increase -SH group capacity, would 

improve cellular membrane resistance to oxidative stress and improve membrane stability 

(Asgary, Naderi, and Askari 2005). As oxidative damage of RBC membrane is known to reduce 

RBC capability of protecting against osmotic stress, it is viable that the antioxidant activity of 

flavonoids, in the form of hydrogen donation to free radicals, would protect erythrocyte 

membranes against oxidative damage and therefore maintain membrane structure against 

osmotic stress. It is most likely that the presence of these phytochemicals in tiger nuts and black 

seeds are responsible for the decrease in osmotic lyses observed in this research.  

Despite the successful decrease in osmotic fragility of HbS erythrocytes post- tiger nut oil and 

black seed oil in vitro treatment, it is important to note that there is variation between all herbal 

plants regarding their anti-haemolytic potential. Previous findings have shown that plants can 

be categorised based on their efficacy as anti-haemolytic products, with groups including no 

effect on haemolysis, decreased haemolysis and induced haemolysis (Hawamdeh, Sawalha, and 

Al-Gharaibeh 2010). Whilst both tiger nut oil and black seed oil would fit comfortably in the 

“decreased haemolysis” group, in vivo evidence of their anti-haemolytic activity against osmotic 

lyses would further support this categorisation, as part of a future study.   
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Morphological observations are subjective and so the issue of validity should be addressed. 

Whilst this may be a potential limitation to the findings of this preliminary study, the 

corroboration of external researchers encourages the support of these results. Also, it is possible 

that higher concentrations of the oil extracts could enhance the anti-HbS gelation activity, as it 

was surprising that haemoglobin polymerisation was not reduced further, to a significant 

degree. It has been suggested by previous researchers that a higher concentration of black seed 

oil would mean a greater presence of bioactive compounds, such as thymoquinone, responsible 

for the anti-sickling mechanism (Ibraheem, Ahmed, and Hassan 2010). This has been backed up 

by Saad and Habib (2013), who identified a distinctly stronger anti-haemolytic effect from black 

seeds with concentrations greater than 2.5%, compared to a gradual decrease in haemolysis 

observed with concentrations up to 2.5%. Increasing black seed concentration, and therefore 

thymoquinone concentration, would increase the concentration of SOD-like molecules. SOD 

activity means that for every two molecules of superoxide encountered, SOD molecules can 

remove the unpaired electron from one superoxide and replace it on the other. In turn, this 

would stabilise the free radical potential and could increase defence against oxidative stress-

induced haemolysis and cell sickling.  

Complete inhibition of cell sickling was not wholly consistent, but a recognisable decrease in the 

percentage of sickle cells post-administration of the oils, likely due to the hydrogen donor 

activity of flavonoid constituents preserving membrane integrity and an inhibitory effect of the 

oils on the Gardos channel of RBCs, warrants deeper evaluation into an in vivo model. The easily 

consumable nature, availability and potential therapeutic benefits of plant-based substances 

such as tiger nut oil and black seed oil allow the advocation of their use as future dietary 

treatments for sickle cell sufferers.  
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Chapter five: Determining the in vitro anti-adhesive efficacy of N. 

sativa and C. esculentus oils 

 

5.1 Introduction 

Abnormal adhesion of sickle cells to vascular endothelium and leukocytes is an important factor 

in SCA studies, due to the discovery that the severity of vaso-occlusive crises is positively linked 

to sickle cell adhesion. Immature RBCs, called reticulocytes, are released from bone marrow and 

exist for 1-2 days before undergoing maturation and enucleation, becoming erythrocytes (Ah-

Moye et al. 2014). Residual ribosomal ribonucleic acid (RNA) is present in reticulocytes, making 

them suitable for haematology studies involving genetic expression and erythroid biology (Goh 

et al. 2007). Similarly, umbilical cord blood has been used for a wide range of research assays, 

due to the self-renewing and undifferentiated properties of these cells (Medhekar, Shende, and 

Chincholkar 2016). This source of hematopoietic stem cells is often relied on for gene regulation 

studies, including the observation of expression levels of target molecules. Sickle reticulocytes, 

sickle mature RBCs and reversibly sickled erythrocytes adhere to leukocytes, including 

polymorphonuclear neutrophils (PMNs), monocytes and lymphocytes (Zennadi et al. 2008), as 

well as endothelial proteins such as fibronectin (Alapan, Little, and Gurkan 2014) and laminin 

511/521 (Bartolucci et al. 2010). This reduces the lumen diameter of blood vessels and further 

traps non-adhered sickle cells; an additional consequence of this is the delayed transit of 

erythrocytes through capillaries. This is significant in SCA pathology as this increases the 

potential for HbS fibre formation in a deoxygenated environment (Eaton and Bunn 2017). 

Inevitably this culminates in the occurrence of a vaso-occlusive crisis. Specific erythroid adhesion 

molecules have been acknowledged as being a contributory factor in the interactions of sickle 

cells and endothelial cells of the vascular wall of blood vessels (Bartolucci et al. 2010). The use 

of immunofluorescence staining of chosen antigens linked to adhesion, allows the observation 

of any changes in expression following in vitro treatment of reticulocyte samples with the oils of 

interest, using flow cytometric analysis. The antigens of interest in this study were CD36 and 

CD239. CD36 adhesion molecule was chosen due to its overexpression on reticulocytes in SCA. 

CD36 is a ligand for thrombospondin (TSP), which is a protein located on the endothelial cell 

membrane and plays a significant role in the adhesion of sickle cells. CD239 is an adhesion 

molecule that is also known as Lu/B-CAM and was chosen due to its overexpression on RBCs. 
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Lu/B-CAM acts as a receptor for laminin, an extracellular matrix protein and so promotes 

erythroid/endothelial binding. A reduction in membrane expression of these adhesion 

molecules could result in a decreased contribution to the pathogenesis of SCA. In vitro 

incubation of HbS reticulocytes and HbA cord reticulocyte samples with the plant-based oil 

treatments could identify whether the oils can influence the expression of the target erythroid 

receptors that contribute to sickle cell adhesion, therefore suggesting their suitability as a 

nutraceutical for SCA.  

Previous studies have identified naturally occurring substances, particularly omega-3 fatty acids, 

as having the ability to reduce adhesion molecules in SCA cases (Okpala 2006). Docosahexaenoic 

acid (DHA) is a polyunsaturated fatty acid (PUFA) located in RBC plasma membrane, and it has 

been found that patients with SCA have naturally decreased levels of DHA (Daak et al. 2013). A 

reduction in the presence of DHA has been linked with the abnormal erythrocyte-vessel wall 

adhesion that precludes vaso-occlusive crises (Daak et al. 2013). This may be due to the exterior 

exposure of phosphatidyl serine (PS) on RBC membrane that occurs as a manifestation of 

membrane lipid dysfunction, such as the decreased level of DHA observed in SCA (Daak, 

Rabinowicz, and Ghebremeskel 2018). Evidence has shown correlation between PS expression 

and RBC adhesion, with increased PS exposure identified in SCA subjects; conversely, the use of 

antibodies against PS resulted in the inhibition of RBC adhesion (Wautier et al. 2011). Exterior 

exposure of PS on RBCs has been found to initiate interaction between the RBCs and endothelial 

matrix, through adhesion receptors such as CD36 and PS receptor (Yang et al. 2010). However, 

the use of DHA as an in vitro treatment for SCA murine model has been shown to reduce sickle 

RBC adhesion activity, due to the supplementation of this omega-3 fatty acid (Wandersee et al. 

2015). DHA was used as a positive control in the current in vitro anti-adhesion study, to allow 

comparison of the efficacy of the novel plant-based oils under investigation.  

Aim 

To determine the presence of specific antigens on HbS reticulocytes, treated with tiger nut oil 

and black seed oil.   

Objectives 

• To treat HbS reticulocyte samples and HbA foetal cord reticulocyte samples with 1% 

tiger nut oil and 1% black seed oil, separately, as test samples. 
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• To treat HbS reticulocyte samples and HbA foetal cord reticulocyte samples with 

0.9% saline, as negative control. 

• To treat HbS reticulocyte samples and HbA foetal cord reticulocyte samples with 

DHA, as positive control. 

• To add CD36-FITC antibody and CD239-FITC antibody, separately, to all samples, 

before undergoing flow cytometry analysis to identify antigen presence.  

• To show flow cytometric analysis as layered histogram plots, expressed as mean 

fluorescence intensity.  

5.2 Method 

5.2.1 Reticulocyte isolation 

Buffer preparation 

Buffer was prepared with PBS (1X, pH 7.4) (137mM NaCl, KCl 2.7mM, 10mM Na2HPO4, 1.8mM 

KH2PO4), 0.5% bovine serum albumin (BSA), and 2 mM EDTA. Buffer was freshly made on the 

day of use. 

Sample preparation 

Gatekeeper permission from University Hospitals Coventry and Warwickshire (UHCW) was 

granted prior to the study commencement, to use anonymous HbA foetal cord blood samples 

from UHCW, as well as anonymous HbS blood samples from patients attending sickle cell clinics 

at UHCW. The blood samples were collected in EDTA tubes to prevent coagulation. All samples 

were centrifuged at 2000 x g for 10 minutes and the resulting supernatant was removed. The 

samples were washed in PBS and centrifuged again, before the removal of resultant 

supernatant. RBC count was undertaken on the samples to determine total cell number. The 

Macs Miltenyi Biotec ‘magnetic labelling’ protocol was completed as follows; the cell suspension 

was centrifuged at 300 x g for 10 minutes, supernatant was removed, and the cell pellet was 

resuspended in 80µl of buffer per 107 total cells. With this, 20µl of CD71 microbeads (Miltenyi 

Biotec) were added per 107 total cells. Following mixing, the samples were incubated at 4°C for 

15 minutes. 10µl of CD71-FITC antibodies was added to the samples, before incubation for a 

further 5 minutes at 4°C, in the dark. Following this, the samples were washed by adding 2ml of 

buffer per 107 total cells and centrifuging at 300 x g for 10 minutes. Supernatant was removed, 

and cells were resuspended in 500µl of buffer (Zborowski and Chalmers 2011).  

Magnetic separation of reticulocytes 
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Prior to separation, an aliquot of sample was taken to be used for flow cytometric analysis. 

Following the Macs Miltenyi Biotec ‘magnetic separation with MS or LS columns’ protocol, the 

MS MACS separator was magnetically attached to the MACS multistand, before inserting an MS 

column into the MS MACS separator. A collection beaker was placed underneath the MS column 

and the MS column was rinsed with 500µl buffer. The prepared HbS or cord cell suspension was 

added to the MS column, with 500µl buffer then added for washing. Unlabelled cells were 

received in the collection beaker, after flowing through the MS column. This was repeated to 

result in a total of 3 washes with 500µl buffer on the MS column (Zborowski and Chalmers 2011). 

Once flow-through had been completely collected, the MS column was removed from the 

separator and placed into a fresh collection tube. 1ml of buffer was pipetted into the MS column; 

the plunger was then used with the MS column to flush out the desired, labelled fraction (CD71+) 

into the collection tube. These were the reticulocyte samples to be used for the remainder of 

the study. An aliquot of the unlabelled flow-through was taken, as well as an aliquot of the CD71 

positively-labelled collected cells, to be used for flow cytometric analysis.  

Flow cytometric analysis  

The aliquots taken prior to separation and post-separation, both the negative and positive 

fractions, were used in flow cytometry. This enabled an estimation of the purity of the positively-

labelled samples, compared to the pre-separated and negatively labelled samples.  

5.2.2 In vitro oil treatments 

Sample preparation 

To CD71+ HbS reticulocyte or HbA cord reticulocyte samples, the plant-based oil agents were 

added. 1% tiger nut oil or 1% black seed oil was added to cell samples at a ratio of 1:2, 

respectively, and gently mixed using a pipette. The same ratio of treatment to blood was also 

used for the positive control agent (1% DHA) and for the untreated control (0.9% saline). All 

samples were incubated for 24 hours at 37°C. 

5.2.3 Flow cytometry protocol 

The Macs Miltenyi Biotec ‘cell surface staining’ protocol was followed accordingly. 

Approximately 107 cells were resuspended in 90µl of freshly made flow buffer (prepared as 

described in ‘5.2.1 Buffer Preparation’), before adding 10µl of CD36-FITC antibody (human) 

(Miltenyi Biotec). Samples were incubated for 10 minutes at 2-8°C, in the dark. Samples were 

then washed with 1ml flow buffer and centrifuged at 300 x g for 10 minutes. The supernatant 
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was discarded, and the cells were resuspended in buffer. For BCAM/LU testing, the same 

protocol was followed as above, with the use of CD239-FITC antibody replacing CD36-FITC 

antibody. An unstained HbS and cord sample were also analysed in the flow cytometer to 

identify autofluorescence of the cells. As required for FITC fluorochrome analysis, the flow 

cytometer filter used was 530/30 and the excitation laser line was 488nm. Samples were 

prepared in triplicate and all samples were run on the BD Accuri™ C6 flow cytometer. 

Gating 

Gating was applied to eliminate debris and dead cells, based on scatter signals.  

Statistical analysis 

The average of the mean fluorescence intensity values of each sample was calculated and results 

were shown as mean ± SE. A one-way ANOVA and Tukey post-hoc statistical analysis was 

undertaken on the results, to determine statistical significance. SPSS (IBM, version 21) was used 

for statistical analysis. 

5.3 Results 

Immunophenotyping was carried out on HbS and foetal cord reticulocytes treated with the oils 

of interest, using the immunological cell markers CD36-FITC and CD239-FITC. These antibodies 

were chosen due to their involvement in endothelial-erythrocyte adherence; this is a key process 

in SCA due to the contribution of RBC adherence to the onset of a vaso-occlusive crisis. All 

treatments were used as 1% (v/v) oils and saline was used as the negative, untreated control. 

The use of DHA as a positive control allowed a comparison of results to an established anti-

adhesive substance and to further identify the possibility of an antioxidant product to also 

comprise anti-adhesive properties.  
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Effect of in vitro natural treatments on CD36 signal 

                                                                        

 

 

 

Figure 36. Flow cytometric analysis (A) and histograms (B) showing CD36 expression of HbS reticulocytes treated with 

(i) 1% tiger nut oil (orange), (ii) 1% black seed oil (blue), (iii) 1% DHA (positive control) (green), against saline (negative 

control) (black). Data shown as mean ± SE; n = 5. Tukey post-hoc statistical analysis was undertaken: (***) p < 0.001, 

compared to negative control. (^^^) p < 0.001, compared to positive control. 
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As seen in figure 36A, 36Bi and 36Bii, both tiger nut oil and black seed oil treatment resulted in 

decreased fluorescence compared to the untreated control, when analysing CD36 signal of HbS 

reticulocyte samples. The results of a Tukey post-hoc test showed that the reduced mean CD36-

FITC values for the in vitro tiger nut treatment was statistically significantly lower than the 

control (414.84 ± 14.17 MFI vs. 1114.71 ± 36.42 MFI, respectively, p < 0.001). Statistical 

significance was also identified between the mean CD36-FITC values of the in vitro black seed oil 

treatment and the negative control reticulocytes (408 ± 8.31 MFI vs. 1114.71 ± 36.42 MFI, 

respectively, p < 0.001). Compared to the untreated control, there was also reduced expression 

of mean CD36-FITC in HbS reticulocytes treated with the positive control (1114.71 ± 36.42 MFI 

vs. 208.35 ± 19.43 MFI, respectively, p < 0.001), as expected. The mean CD36-FITC value of the 

positive control was significantly lower than that of the tiger nut oil-treated samples (p < 0.001); 

this was also identified between the positive control and the HbS reticulocytes treated with 

black seed oil (p < 0.001). The results are suggestive of an effective decrease of the mean CD36-

FITC values of sickle reticulocytes following 24-hour incubation with 1% (v/v) tiger nut oil or 1% 

(v/v) black seed oil.  

 

 

 



Chapter five: Determining the in vitro anti-adhesive efficacy of N. sativa and C. esculentus oils 

150 | P a g e  
 

A.  

 

B. 

 

Figure 37. Flow cytometric analysis (A) and histograms (B) showing CD36 expression of HbA foetal cord reticulocytes 

treated with (i) 1% tiger nut oil (orange), (ii) 1% black seed oil (blue), (iii) 1% DHA (positive control) (green), against 

saline (negative control) (black). Data shown as mean ± SE; n = 2. Tukey post-hoc statistical analysis was undertaken: 

(*) p < 0.05, compared to negative control.   
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Tukey post-hoc analysis found statistical significance between the lower mean CD36-FITC value 

of 1% (v/v) tiger nut oil-treated foetal cord reticulocytes and negative control reticulocytes 

(421.3 ± 1.74 MFI vs. 1164.83 ± 110.25 MFI, respectively, p = 0.035). However, the mean CD36-

FITC result of 1% (v/v) black seed oil was not found to be statistically lower than the negative 

control HbS reticulocytes (996.04 ± 36.02 MFI vs. 1164.83 ± 110.25 MFI, respectively, p > 0.5). 

The overall implication of the results shown in figure 37A, 37Bi, 37Bii lean towards tiger nut oil 

being the only tested in vitro treatment to have a significant effect on foetal cord reticulocytes, 

in the form of decreased expression of CD36 adhesion molecules.  
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Effect of in vitro natural treatments on CD239 signal 

A. 

B. 

 

Figure 38. Flow cytometric analysis (A) and histograms (B) showing CD239 expression of HbS reticulocytes treated with 

(i) 1% tiger nut oil (orange), (ii) 1% black seed oil (blue), (iii) 1% DHA (positive control) (green), against saline (negative 

control) (black). Data shown as mean ± SE; n = 5. Tukey post-hoc statistical analysis was undertaken: (*) p < 0.05, (**) 

p < 0.01, compared to negative control. 

Figures 38A, 38Bi, 38Bii show that both in vitro oil treatments resulted in a lower mean 

fluorescence of CD239-FITC of HbS reticulocytes, in comparison to the negative control. The 
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results of a Tukey post-hoc test identified a statistically significant difference between the mean 

CD239-FITC value of 1% (v/v) tiger nut oil-treated HbS reticulocytes and the negative control 

HbS reticulocytes (426.03 ± 8.78 MFI vs. 539.67 ± 6.19 MFI, respectively, p < 0.001); this trend 

was also found between HbS reticulocytes treated with 1% (v/v) black seed oil and the negative 

control (433.03 ± 9.84 MFI vs. 539.67 ± 6.19 MFI, respectively, p = 0.001). The mean difference 

between the negative control and positive control (475.12 ± 25.97 MFI) HbS reticulocytes was 

additionally found to be significant (p = 0.034). The findings imply that both tiger nut oil and 

black seed oil successfully altered the expression of CD239 marker, shown through a reduction 

in positively labelled CD239-FITC reticulocyte cells, to a significant degree.  
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A. 

 

B.    

 

Figure 39. Flow cytometric analysis (A) and histograms (B) showing CD239 expression of HbA foetal cord reticulocytes 

treated with (i) 1% tiger nut oil (orange), (ii) 1% black seed oil (blue), (iii) 1% DHA (positive control) (green), against 

saline (negative control) (black). Data shown as mean ± SE; n = 2. Tukey post-hoc statistical analysis was undertaken: 

(*) p < 0.05, (**) p < 0.01, compared to negative control. 
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Tukey post-hoc analysis identified statistical significance between the reduced mean expression 

of CD239 in 1% (v/v) tiger nut oil-treated HbS reticulocytes and the elevated frequency of CD239-

positive reticulocytes of the negative control (857.46 ± 15.34 MFI vs. 1939.24 ± 46.84 MFI, 

respectively, p = 0.029). This was also seen with the CD239-FITC result of 1% (v/v) black seed oil 

(746.23 ± 194.01 MFI, p = 0.021). Similarly in figure 39, the positive control showed a decreased 

frequency of cord reticulocytes positively expressing CD239 when comparing the mean FITC 

value to the negative control (379.26 ± 16.17 MFI vs. 1939.24 ± 46.84 MFI, respectively, p = 

0.008). Both in vitro treatments were distinctly effective at modifying the mean CD239 

expression of foetal cord reticulocytes.  

 
HbS HbA cord 

 

NEG. 

CONTROL 

1114.71 

(± 36.42) 

1164.83 

(± 110.25) 

CD36 

NEG. 

CONTROL 

539.66 

(± 6.19) 

1939.24 

(± 46.84) 

CD239 

TN 414.84 

(± 14.17) 

421.3 

(± 1.74) 

CD36 

TN 426.03 

(± 8.78) 

857.46 

(± 15.34) 

CD239 

BS 408 

(± 8.31) 

996.04 

(± 36.02) 

CD36 

BS 433.03 

(± 9.84) 

746.23 

(± 194.01) 

CD239 

POS. 

CONTROL 

208.35 

(± 19.43) 

583.23 

(± 88.81) 

CD36 

POS. 

CONTROL 

475.12 

(± 25.97) 

379.26 

(± 26.17) 

CD239 

 

Table 7. Mean fluorescence intensity (MFI) of HbS and HbA cord blood samples, treated with the 1% oils of interest, 

using CD36-FITC and CD239-FITC markers. NEG. CONTROL = saline, TN = tiger nut oil, BS = black seed oil, POS. CONTROL 

= DHA. Data shown as mean ± SE; n = 5 for HbS samples, n = 2 for cord blood samples. 

A comparison of the target adhesion molecules in HbS and HbA cord blood samples from table 

7 shows that both CD36 and CD239 had lower average expression in treated blood samples than 
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the negative control. Following in vitro treatment of the HbS reticulocyte samples with tiger nut 

oil, a lower mean expression of CD36 was identified compared to the negative control HbS 

samples; the results of Tukey post-hoc analysis found this to be a statistically significant 

difference (p > 0.001). A similar trend was observed with tiger nut oil for CD239 expression, with 

Tukey analysis showing statistical significance (p = 0.004). Following in vitro treatment of HbS 

reticulocytes with black seed oil, CD36 expression appeared to be significantly lower than that 

of the negative control (p < 0.001), with the same trend observed for CD239 expression (p = 

0.006). Regarding the cord blood samples, a drastic decrease in the mean CD36 FITC value of 

tiger nut oil-treated reticulocytes compared to the negative control was viewed (p = 0.035), as 

well as the mean CD239 FITC value of cord reticulocyte samples treated with black seed oil 

compared to the negative control (p = 0.029). In vitro black seed oil treatment resulted in an 

insignificant decrease of CD36 expression of reticulocytes isolated from cord blood samples, in 

comparison to the results of the negative control (p > 0.5); whereas the reduction of CD239 

expression of black seed oil-treated cord samples was shown to be statistically significant based 

on Tukey analysis (p = 0.021). Overall, the results are suggestive of effective alteration of the 

expression of specific adhesion markers in reticulocytes isolated from SCA and cord blood 

samples, which could represent anti-adhesive activity in an in vivo environment.  

5.4 Discussion 

CD36 and CD239 antibody markers are receptors present on RBCs and were chosen due to their 

relevance to cell adhesion. Increased expression of RBC membrane adhesion molecules is linked 

to increased adhesion of the erythrocytes to endothelial cells (Cartron and Elion 2008). Sickle 

cell adhesion is a leading contributory factor to vaso-occlusive crises and so anti-adhesive 

therapy is an important area to focus on when investigating potential novel herbal treatments. 

Reticulocyte membrane expression of CD36 and CD239 were assessed using flow cytometry to 

identify the potential anti-adhesive effects of tiger nut oil- and black seed oil- treated sickle 

samples and foetal cord blood samples. The preliminary findings presented show alteration of 

the CD36 and CD239 signals following in vitro treatment, suggesting promising anti-adhesive 

properties of the plant-based products.  

These findings may be congruent with current literature due to the effect of epinephrine on cell 

adhesion. Correlation has been determined between increasing concentrations of epinephrine 

and the adhesion of sickle cell erythrocytes to blood vessel endothelium. In particular, it was 

identified that epinephrine significantly activated CD239 receptors on sickle cells via β2-
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adrenergic receptor stimulation (De Castro et al. 2012). This therefore contributed to the onset 

of vaso-occlusive crises, through sickle cell-endothelium interactions (De Castro et al. 2012). The 

mechanism of action for this process has been linked to the cyclic adenosine monophosphate 

(cAMP) cascade (Cartron and Elion 2008). Secretion of epinephrine targets β-adrenergic 

receptors, which initiates an increase in the conversion of adenosine triphosphate (ATP) to 

cAMP. This signalling molecule leads to enhanced activation of protein kinase A (PKA); the 

activated PKA-dependent pathway causes up-regulation of phosphorylation, and therefore 

activation, of the adhesion receptors (Zennadi et al. 2004). Amplification is present throughout 

each step of this cAMP-dependent PKA-dependent pathway, leading to overall enhanced 

phosphorylation. Regarding the link between β2-adrenergic receptor activation and natural 

medicines, it is possible that herbal treatments could reduce epinephrine‐stimulated sickle 

erythrocyte adhesion, as they may be promising candidates for β-adrenergic blocking agents. It 

is likely that β-blockers are unrecognised as potential anti-adhesive agents in SCA since 

hypertension is not a common medical condition within SCA populations and so β blockers 

would not have been introduced in most patients (De Castro et al. 2012). An example of a 

traditional plant-based medicine that has been identified as a natural β-blocker is spear grass 

(Imperata cylindrica), where a study found that this plant extract had an inhibitory effect on β-

adrenoreceptors located in the vasculature of a feline animal model (Mak-Mensah, Komlaga, 

and Terlabi 2010). Epinephrine was used as a control to allow comparison with the plant extract; 

the results suggested that both epinephrine and the plant extract were acting on the same 

adrenoreceptors, therefore indicating that this herbal therapy could act as a competitive 

inhibitor of β-adrenergic receptors. This suggests that other herbal treatments, such as tiger nut 

and black seed, may also possess β-adrenoreceptor blocking activity and could explain the anti-

adhesive efficacy of the oils in the current study. Targeting the signalling pathways involved in 

adhesion receptor activation could reduce cell-cell and/or cell-endothelium adhesion and 

therefore reduce the risk of vaso-occlusive events (Telen 2007). To further elucidate the 

mechanism of action leading to the downregulation of HbS reticulocyte adhesion receptors, the 

effect of tiger nut oil and black seed oil on β2-adrenergic receptor function, could be directly 

investigated. If it is found that these herbal treatments act as blocking agents targeting β2-

adrenoreceptors, then it could be more firmly hypothesised that they are suitable as anti-

adhesive therapies and would explain the resulting decrease of adhesion molecule levels 

following in vitro reticulocyte treatment.  
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The findings of the current study are encouraging as it is known that adhesion molecules are 

promoted by oxidative stress (Dzoyem et al. 2014). Therefore, it could be assumed that a 

substance that can reduce oxidative stress, as has been established with in vitro treatment of 

HbS cells with tiger nut oil and black seed oil, could also reduce the induction of adhesion 

molecules, such as CD36 and CD239. Inflammation is an indicator of oxidative stress, with 

adhesion molecules acting as prominent mediators of inflammation (Dzoyem et al. 2014). Whilst 

research is yet to be conducted to confirm the anti-inflammatory effect of tiger nut and black 

seed specifically in SCA, it has previously been found that tiger nut oil inhibited inflammatory 

progression in a murine model of induced paw oedema. Alongside this, black seed has also 

shown the ability to suppress inflammation and oxidative stress in an in vivo study using 

participants with rheumatoid arthritis (Hadi et al. 2016). This was shown through a reduction of 

TNF-α release; a further study found that black seed oil treatment of Simpson–Golabi–Behmel 

syndrome human pre-adipocytes also reduced IL-1β and IL-6 levels (Bordoni et al. 2019). These 

interleukins are pro-inflammatory cytokines and so the results were suggestive of a protective 

role of black seed oil against inflammation. The mechanism of action responsible for the 

decrease in pro-inflammatory cytokines following black seed oil treatment is expected to be 

through the inhibition of NF-κB, a transcription factor involved in in the onset of inflammation. 

Black seed oil is thought to block NF-κB signalling through the inhibition of nuclear expression 

of the p65 subunit of NF-κB, as well as inhibiting the binding of the p50 subunit of NF-κB to TNF-

α promoter region (Hadi et al. 2016). In combination with the antioxidant activity of black seed 

oil reducing the level of ROS present and therefore disrupting the role of oxidative stress in NF-

κB regulation, the result of these actions would be the inability of NF-κB to up-regulate pro-

inflammatory cytokines. Rheumatoid arthritis and SCA are both diseases where ROS play a 

significant role towards severity and progression of the medical condition. Therefore, it could 

be inferred that a link would be present between anti-inflammatory activity of black seed oil and 

reduced expression of adhesion receptors in SCA. Additionally, pre-treatment of HbS cells with 

established antioxidants (SOD and CAT, individually) has been shown to inhibit erythrocyte 

adhesion to venule endothelium (Kaul et al. 2006), further strengthening the results of the 

current study. However, it is possible that the antioxidant activity of herbal products is less 

authentic than that of SOD and CAT and so anti-adhesive efficacy may be lower, in comparison. 

Overall, it is possible that the antioxidant and anti-inflammatory properties of tiger nut oil and 

black seed oil aided the ameliorating effects on adhesion markers monitored in this study.  
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The implications of these findings are that there is preliminary evidence for the therapeutic use 

of these natural products, regarding potentially reducing the adhesive strength of circulating 

sickle erythrocytes. Combined with the antioxidant and anti-sickling properties that tiger nut oil 

and black seed oil have been shown to possess, reducing the onset of vaso-occlusive crises could 

be a viable consequence of including these nutraceutical products in the treatment regime of a 

sickle population. Despite this, only focusing on CD36 and CD239 receptors limits the full scope 

of activity for cell-cell and cell-endothelium adhesion within SCA. Other significant RBC adhesion 

receptors are intercellular adhesion molecule 4 (ICAM-4), CD47 and CD147; these are all 

membrane proteins that have been associated with signal transduction-linked vaso-occlusion in 

sickle cells. However, the results of the quantitative expression analysis in the current study 

raises a question – is an anti-sickling effect achieved for all adhesive markers, with in vitro use 

of these natural treatments for SCA? Whilst ideally all cellular markers involved should be 

satisfied, this may not always be the case. For example, HU is a reputable, established drug 

treatment for SCA; however, studies have shown that HU treatment actually led to 

overexpression of CD239, CD47 and CD147 cell adhesion proteins (Cartron and Elion 2008), 

whilst also resulting in decreased expression of CD36 and ICAM-4 erythroid adhesion receptors 

(Odièvre et al. 2008). This implies that treatments may alter various adhesion receptor 

expression levels differently but still maintain the ability to reduce vaso-occlusive crises in SCA. 

It has been suggested that this may be due to the treatments effect on the activation state of 

adhesion receptors via a phosphorylation pathway, rather than directly altering individual 

expression level (Odièvre et al. 2008). Therefore, this could be an explanation for the 

unexpected increase or unvarying receptor expression seen post-TN/BS treatment. Identifying 

the effect of the oils on the expression level of a wider range of receptors, such as ICAM-4, CD47 

and CD147, would require further investigation into the effect of these plant-based treatments 

on signal transduction. Specifically, adhesion receptor activation such as the β2-adrenoreceptor 

activation involving a cAMP-induced PKA-dependent pathway, as previously mentioned. 

Identifying the effect of the herbal products on the expression levels of alternative receptors, 

with a greater sample size of sickle reticulocytes, would provide a more accurate overview of 

each treatment’s anti-adhesive potential. 

Reflecting on the findings from this flow cytometry assay would suggest an overall positive 

result. To establish a novel herbal treatment for sickle cell, strong evidence of positively 

targeting all biological factors of the disorder should be achieved. However, there should be 

acknowledgement of the notion that herbal medicines should be viewed as dietary supplements 
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to aid overall symptomatic relief, rather than being viewed as specific medicinal replacements, 

due to their likely limitations.  
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Chapter six: The use of a questionnaire to determine the social 

opinion of Nigerians with SCA towards natural, herbal medicines 

 

6.1 Introduction 

It is estimated that 1 in every 4,600 people in the U.K have SCA (Dormandy et al. 2018); in 

comparison, 1 in every 33 people in Nigeria are affected by SCA (Adewoyin 2015). The 

contrasting epidemiology is apparent. In many areas of Africa, SCA is a primary public health 

concern and therefore it is one of the main diseases focused on by the National Institute for 

Pharmaceutical Research and Development (NIPRD) in Nigeria. The natural products of interest 

within this study, tiger nuts and black seeds, have contributed to the diet of generations of 

African populations (Bamishaiye and Bamishaiye 2011). The popularity of these food products 

is predominantly due to the tropical climate of Africa, allowing the crops to grow in abundance 

for large periods of the year and therefore making them widely available. The varying forms of 

consuming tiger nuts, such as in their raw, roasted, milk or oil form (Bamishaiye and Bamishaiye 

2011), also adds to their popularity and accessibility. A questionnaire was created for SCA 

participants at University of Nigeria Teaching Hospital (UNTH), in Enugu, Nigeria, focusing on 

respondent’s current treatment/s for SCA, their use of tiger nuts or black seeds, and their 

opinions towards the efficacy of treatment types. The topic of climate was also discussed in the 

questionnaire; respondents were asked if they had noticed correlation between the season and 

the frequency of crises experienced. Alongside the clear epidemiologic advantage, the 

questionnaire was also aimed at Nigerian respondents because the anecdotal use of several 

natural products for SCA symptomatic alleviation, including tiger nuts and black seeds, stems 

from Nigerian populations. The results derived from the questionnaire could provide insight into 

the use of herbal supplements by Nigerian SCA patients and the need for herbal medicine 

research in the management of SCA. 

Aim 

To investigate the attitudes of people with sickle cell anaemia, in a Nigerian university, towards 

the use of prescription drugs and plant-based natural treatments for their disorder.  
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Objective 

• Create a questionnaire to:  

- identify if/what treatments are taken for SCA 

- determine the use of tiger nuts and black seeds 

- identify participants opinions of treatment/s regarding observational changes to 

vaso-occlusive experiences 

- identify respondent’s opinion towards observational changes to vaso-occlusive 

experiences in varying climate conditions 

6.2 Questionnaire method 

Before creating the questionnaire, Professor Sunday Ocheni of the UNTH was contacted to 

request assistance. Prof. Ocheni was chosen due to his experience in both clinical and research 

aspects of haematology, including his involvement in the Sickle Cell Disease Research Group 

(SCDRG) at UNTH. The traditional names of tiger nuts and black seeds were also included by 

Prof. Ocheni: Tiger nut (Cyperus esculentus, also called ‘’AKI HAUSA’’, or ‘’AKU AWUSA’’ in Igbo, 

or ‘’OFIO’’ in Yoruba, or ‘’AYA’’ or ‘’HAUSA GROUNDNUT’’ and black seed oil (Nigella Sativa), 

also called “NWA MKPURU MMANU” in Igbo, "ASO FE'YE JE"  or “ADIN” in Yoruba and “HABATU 

SAUDA” in Hausa. Prof. Ocheni agreed to distribute the questionnaires solely to SCA sufferers 

within the sickle cell clinic at UNTH and to provide guidance to participants regarding completion 

of the questionnaire.  

Study design: 

The survey questionnaire was completed anonymously by participants attending SCA clinics at 

UNTH; anonymity was chosen to encourage the most honest answers, as well as potentially 

motivating greater participation. The questionnaire was to be produced as a paper document, 

as opposed to electronic, to also allow a greater volume of completions. Electronic completions 

would require constant access to several computers, whilst paper documents allowed 

simultaneous completions with minimal resources required.  A total of 90 participants, 

previously diagnosed with SCA, attending the sickle cell clinics, completed the self-administered 

questionnaire. The questionnaire took approximately 10 minutes to complete, and the 

distribution period was maintained for 2 months.  
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Data collection: 

The aims of the questionnaire were to deduce the knowledge, opinions and practices towards 

SCA treatment options, regarding prescribed drug treatments and natural herbal treatments. 

SCA participants were provided with a participant information sheet to ensure they had 

adequate understanding of the study’s importance and the confidential aspect of their answers. 

Questionnaire answers were evaluated to find the percentage of total respondents who: 

- used medically prescribed drugs as part of their SCA treatment 

- used natural/traditional products as part of their SCA treatment 

- used tiger nuts as part of their SCA treatment 

- used black seeds as part of their SCA treatment 

- felt that the medically prescribed drugs were effective at reducing VOCs 

- felt that the tiger nuts and/or black seeds were effective at reducing VOCs 

- felt that they have a greater frequency of crises during hot weather 

- felt that they have a greater frequency of crises during cold/rainy weather 

This allowed a crude estimation of the use of medical vs natural treatments, as well as gauging 

the local knowledge and awareness of herbal medicines. Answers were provided as “Yes”, “No” 

or “Don’t know” tick boxes for closed-ended questions, with subsequent questions relevant to 

“Yes” answers. Answer boxes were also provided as time scales and as free writing space for 

open-ended questions. 

The results were presented graphically or in a table, where appropriate, to allow direct 

comparison between treatment choices, as well as comparison between estimated efficacy of 

treatments and between crises based on climate.  

Ethics statement: 

Ethical approval was granted by Coventry University (CU) and by UNTH, as well as approval from 

CU Information Governance Unit. Written consent was obtained from the participants, with 

researcher support for explanation if required. Personal information was not collected from 

participants. 

6.3 Results 

In total, 90 participants answered the questionnaire regarding SCA treatments. It was 

acknowledged that answers provided by respondents, regarding the effectiveness of the 
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treatments and the effect of climate, were opinion-based and therefore the results were to be 

observed accordingly. 

Prescription-based treatments used by SCA sufferers  

 

Figure 40. The results of a closed question answered by 90 participants. 

  

 

Figure 41. The results of a closed question answered by 78 participants. 

Initially, the questionnaire identified whether the 90 participants currently took any treatments 

to manage their disorder (figure 40). From the total population, 78 participants (86.67%) 

answered ‘yes’; 65 (83.33%) of these were taking medically prescribed drugs (figure 41). There 

were 12 participants (13.33%) who were not taking any treatments for their SCA. There are 

possible reasons for this, including personal choice, mild severity of symptoms and lack of access 

to appropriate treatments. The results show that medically prescribed drugs were the most 

common form of treatment but 12 out of the 78 respondents (16.67%) were relying on non-

prescription based treatments.  
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Figure 42. The results of an open question answered by 65 participants. 

From the 65 participants who were taking prescription medication, the most common drug 

treatment was anti-malarials (83.08%), matched by analgesics (83.08%), both taken by 54 

participants. This was followed by antibiotics taken by 20 participants (30.77%) (figure 42). Anti-

sickling drugs were taken by 13 participants (20%) of respondents, possibly suggesting that 

preventive treatments are less popular or widely available than the other drug groups identified. 

For most participants, a combination of prescription drugs was taken as part of their SCA routine 

medical care, with pain relief and anti-malarials being the most prevalent.   

 

Name of natural treatment No. of participants 

Anti-Sickling:   

Hydroxyurea 13 

    

Anti-malarial:   

Paludrine 38 

Fansidar 5 

Anti-sickling, 13

Anti-malarial, 54

Antibiotic, 20

Analgesic, 54

Anti-hypotensive, 1
Gastric, 1

Type of medically prescribed drug

Anti-sickling Anti-malarial Antibiotic Analgesic Anti-hypotensive Gastric
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Camoquin 2 

Amalar 1 

Coartem 1 

Maloprim 1 

P-Alaxin 1 

Artesunate 2 

Metakelfin 3 

    

Antibiotic:   

Flucloxacillin 4 

Ciprotab 7 

Dalacin C 3 

Ampicillin 1 

Amoxicillin 1 

Augmentin 3 

Azithromycin 1 

    

Analgesic:   

Panadol  5 

Paracetamol 9 

Pentazocine (opiate pain relief) 4 

DF118 (codeine pain relief) 23 

Tramadol 3 

Co-codamol 1 

Ibuprofen (NSAID) 5 

Feldene (NSAID) 1 

Diclofenac (NSAID) 3 

    

Priapism treatment:   

Etilefrine 1 

    

Peptic Ulcer Disease:   
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Omeprazole 1 

 

Table 8. The choice of chemoprophylaxis, analgesics, antibiotics, anti-sickling, and drugs for priapism and peptic ulcer 

disease, used by the 65 participants. 

The drugs identified in the study show the range of medication that people with SCA may be 

prescribed, at any time (table 8). The wide array available is particularly evident for anti-malarial 

drugs as the species and drug resistance patterns vary in different individuals. Paludrine 

appeared to be the most common anti-malarial prophylaxis taken by this sample group, with 

Ciprotab being the most common antibiotic and DF118 being the most popular analgesic. 

Hydroxyurea was the only anti-sickling agent identified in this questionnaire.  

 

Figure 43. The results of a frequency question answered by 65 participants. 

 

Figure 44. The results of a closed, opinion-based question answered by 65 participants. 

0

10

20

30

40

50

60

0-1 month 1-6 months 6+ months

P
ar

ti
ci

p
an

ts

How long have you been using this/these prescription 
drugs?

0

10

20

30

40

50

60

Yes No Don't know

P
ar

ti
ci

p
an

ts

Have you found these drugs to be effective at reducing 
SCA crises?



Chapter six: The use of a questionnaire to determine the social opinion of Nigerians with SCA 
towards natural, herbal medicines 

168 | P a g e  
 

Out of the 65 participants, 54 had been taking their medication for 0-1 month (83.03%), 

compared to 6 participants (9.23%) for 1-6 months and 5 participants for more than 6 months 

(7.69%) (figure 43). This may be due to medications being changed regularly to tailor treatment 

combinations to each patient, or due to patients experiencing side effects that require 

alternative drug replacements. Additionally, the use of antibiotics may be short-term for many 

SCA participants whilst recovering from an infection, but this may occur frequently. Whilst 

alternating medication regularly may be seen as a negative point, especially with the dangerous 

development of antibiotic resistance, the opinion of 55 participants (84.62%) were that the 

prescribed drugs were reducing their bone pains (figure 44). In comparison, 4 participants 

(6.15%) disagreed and did not feel that the prescribed drugs were effective and 6 participants 

(9.23%) were unsure.  

 

Natural treatments used by SCA sufferers

 

Figure 45. The results of a closed question answered by 90 participants. 
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Name of natural treatment No. of participants 

Folic acid 63 

Vitamin C 17 

Vitamin A 1 

Vitamin D 1 

Vitamin E 1 

Vitamin B-complex 22 

Multivitamin 9 

L-Carnitine 1 

Omega-3 8 

Garden Egg (Solanum melongena) 4 

Milk and honey 1 

Aloe Vera 1 

Jobelyn (Sorghum bicolor) 1 

Pumpkin leaf juice (Telfairia 

occidentalis) ('Ugu') 

2 

Okwuma' 1 

Fish oil 1 

Aki Hausa' 1 

Bitter leaf (Vernonia amygdalinal) 1 

Fersolate 1 

Mirabel tea' 1 

Other food/herbal/natural supplement 5 

Table 9. The choice of natural treatments/supplements used by the 71 participants.  

Figure 45 shows that 71 respondents (78.89%) had used natural/traditional treatments, 

suggesting their viability for many Nigerian SCA patients. Table 9 represents the range of natural 

treatments that have been used by the participants; the most common supplement was folic 

acid, followed by a range of essential vitamins. There are several herbal remedies listed that 

could be viewed as unconventional and unknown in developed nations. For example, garden 

egg is a food also known in Nigeria as ‘Nigerian eggplant’, Jobelyn is a plant found within the 
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Nigerian flora and is often used as a dietary supplement, and pumpkin juice (‘ugu’) is popularly 

used as an herbal tonic.  

 

 

 

 

 

 

 

 

 

 

Figure 46. The results of a closed question answered by 90 participants. 

 

 

 

 

 

 

 

 

 

Figure 47. The result of a closed question answered by 90 participants. 

Figure 46 and 47 show that 11 people (12.22%) had used tiger nut, alongside 1 person having 

tried black seed (1.11%). These are particularly low values, however, when the array of herbal 
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0

10

20

30

40

50

60

70

80

90

Yes No

P
ar

ti
ci

p
an

ts

Have you ever used Tiger Nut (Cyperus 
esculentus)?

0

10

20

30

40

50

60

70

80

90

100

Yes No

P
ar

ti
ci

p
an

ts

Have you ever used Black Seed oil (Nigella 
sativa)?



Chapter six: The use of a questionnaire to determine the social opinion of Nigerians with SCA 
towards natural, herbal medicines 

171 | P a g e  
 

was more common than black seed oil, possibly suggesting greater acknowledgement and 

accessibility of this edible plant. Overall, most participants had not used either product, possibly 

because they are not aware of any possible potential benefits of using them.  

 

Figure 48. The results of a frequency question answered by 12 participants.  

 

Figure 49. The results of a closed question answered by 12 participants. 
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Of the 11 participants who had used tiger nut, 6 had maintained consumption for 0-1 months 

(54.55%), 3 had maintained consumption for 1-6 months (18.18%) and 2 participants for more 

than 6 months (18.18%) (figure 48). Consumption for over 6 months assumes an open attitude 

to long-term supplementation. Black seed oil had been taken for 1-6 months, also leaning 

towards a long-term dietary introduction of the product. In terms of the efficacy of tiger nut at 

reducing SCA crises, 7 out of the 11 participants (81.82%) were unsure of its effects. Also, 2 of 

the 11 participants (18.18%) stated that tiger nut was not effective at reducing SCA crises (figure 

49). The participant who had taken black seed oil also was unsure of the effects of the herbal 

treatment on his/her crises. 

The effect of climate on crises 

 

 

 

 

 

 

 

 

 

Figure 50. The results of a closed question answered by 90 participants.  

When questioned about crises experience in changing weather, 58 out of the 90 participants 

(64.44%) agreed that they had noticed an effect on the frequency of their crises (figure 50). 

Additionally, 19 participants (21.11%) felt that they had not experienced any change in the 

frequency of crises and 13 participants (14.44%) were unsure if they had experienced a change 

in various climate conditions. Whilst this was a subjective question, the majority of participants 

had the personal opinion that changes in weather did cause an increase or decrease in the 

number of crises endured.  
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Figure 51. The results of an opinion-based question answered by 90 participants. 

 

 

 

 

 

 

 

 

 

 

 

Figure 52. The results of an opinion-based question answered by 90 participants. 
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Questioning was expanded to identify whether participants felt they had more or fewer crises 

in hot or cold weather. Figure 51 evidently found that the greatest proportion of people had the 

opinion that they experienced more crises in the cold/rainy season, as 56 out of the 90 

participants (62.22%) stated this. On the contrary, 3 participants (3.33%) identified hot weather 

as a time they experienced more crises. There were 31 participants (34.44%) who thought that 

there was no change in the frequency of crises that occurred, regardless of changes in weather 

conditions. The results of figure 52, identifying when participants felt that they experienced 

fewer crises, was an inverse reflection of figure 59, as expected. Out of the 90 participants, there 

were 49 subjects (54.44%) who identified hot weather as a time when fewer crises were 

endured; there were distinctly fewer people who had the opinion that cold/rainy weather was 

when fewer crises occurred, as 6 participants (6.67%) stated this. There were 35 participants 

(38.89%) who felt that varying weather conditions did not affect the number of crises triggered.  

Common themes identified in the comments section of the questionnaire were that more 

frequent crises occurred in cold weather, especially very cold and rainy seasons. Participants felt 

that the annual cold season had a negative impact on the social lives of sickle cell sufferers, as 

they felt restricted and were often in pain. This can be deduced as a decrease in quality of life 

for this population of Nigerians. Participant suggestions for the reason behind the increased 

crises in cold weather were based around improper and inadequate personal care during this 

time. Additionally, it was suggested that inadequate water intake during the cold season could 

be a contributor to an increase in crises. This could be viable as people may not feel the need to 

drink as much water or alternative fluids during the cold season, compared to the hot season, 

yet dehydration is a known factor in the onset of vaso-occlusive crises in SCA sufferers. On the 

other hand, many participants felt that they were “more comfortable” in the hotter season and 

were “more free”. This was believed to be due to the decrease in vaso-occlusive crises 

experienced in this weather. However, it should be acknowledged that several comments 

relayed the opinion that there was no observed change in crises frequency coinciding with 

changes in weather. 

6.4 Discussion 

The results of the questionnaire provide a crude insight into the treatment routines of a small 

population of people with SCA, in Nigeria. Most participants combined the prescribed 

medications with some form of natural supplements, suggestive of a positive opinion towards 

adjunct therapy and the utilisation of natural treatments as dietary supplements to aid SCA 
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management. A small percentage of participants were relying on natural medicines solely, 

portraying a high level of trust and acceptance of the use of nutraceuticals, but is unlikely to be 

advised by medical practitioners due to the lack of scientific evidence available to justify the 

primary use of these products.  

6.4.1 The use of various prescription drugs by participants  

A large part of supportive care measures for SCA are drug-based treatments. The 

pharmacotherapeutic agents listed from the results of the current questionnaire reflect those 

advised by the Essential Medicines List and the Clinical Use of Blood Handbook, where 

hydroxyurea, analgesics and antibiotics are all included (Neville and Panepinto 2011).  

Chemoprophylaxis  

The popularity of anti-malarial drugs is expected in Nigeria, where malaria is an ongoing 

epidemic. Whilst people with sickle cell trait have a greater level of protection against malaria, 

this is not so in a SCA population and so consistent anti-malarial medication is a necessity. World 

Health Organisation (WHO) guidelines state that SCA populations should definitely receive anti-

malarial drug treatment (Frimpong et al. 2018). This is the reason why such a high percentage 

of SCA questionnaire participants use these drugs.  

Analgesics 

The high percentage of participants taking analgesics is also expected due to the severity of pain, 

such as joint and bone pain, experienced by SCA sufferers during a vaso-occlusive crisis. 

Interestingly, it has previously been stated that aspirin is one of the main forms of analgesic 

treatments for sickle cell patients in regions including Africa (Han et al. 2017); however, in this 

study, aspirin was not identified as a form of medication used by any of the participants. Aspirin 

is thought to provide weaker pain relief than other options, such as non-aspirin NSAIDs (Han et 

al. 2017). Pain management is one of the most important modalities in SCA. This helps to reduce 

the significant impact of frequent and intense crises on their quality of life.  

Antibiotics 

Antibiotics play significant roles in the management of SCA, as these patients are more prone to 

infections for several reasons, including repeated splenic infarction and autosplenectomy, 

diminishing this organ’s ability to protect against infection (Booth, Inusa, and Obaro 2010). The 

impairment of the spleen’s function to remove defective erythrocytes and blood-borne 
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microorganisms, and to produce macrophages and anti-polysaccharide IgM antibodies, means 

that bacterial infections are more common. This is especially due to circulating macrophages 

becoming blocked when engulfing the sickle shaped erythrocytes and preventing further 

phagocytosis of harmful bacterial microbes (Booth, Inusa, and Obaro 2010). 

6.4.2 The use of various natural treatments by participants 

Folic acid and vitamin supplements were identified as the most common form of natural 

treatments used by the SCA participants. These drugs are readily available in Nigeria. There have 

been varying levels of research focusing on each natural treatment identified from the results 

of this questionnaire, to justify their use in a SCA population. 

Folic acid 

Folic acid is taken by many adults and children with SCA. Whilst folate is found in many fruits, 

vegetables, meat and dairy products, the bioavailability of supplementary folic acid is greater 

than that of folate received nutritionally and so SCA patients are advised to take supplementary 

folic acid (Dixit et al. 2016). It is an important form of disease management due to the 

contribution of folate to DNA synthesis and cell division. Improper function of cell division is 

especially dangerous in SCA populations as there is an increased risk of megaloblastic anaemia 

occurring. Folate deficiency is common in people with SCA, due to an enhanced rate of 

erythropoiesis. Folate supplementation, as identified in the results of the current questionnaire, 

is required to limit the risk of anaemia (Dixit et al. 2016).  

Vitamin supplementation 

Vitamin supplementation appeared to be extremely popular among the population studied. This 

is because of the multiple macro- and micro-nutrient deficiencies encountered by patients with 

SCA (Soe et al. 2017). A study has specifically identified vitamins A, C and E as being deficient in 

plasma samples of sickle cell patients compared to a healthy control group. This was suggested 

to be due to increased urinary excretion in SCA patients as a result of impaired renal function 

(Hasanato 2006). Vitamin E has been identified as a particular supplementary agent that could 

aid defence against lipid peroxidation in sickle cell patients and therefore reduce the chronic 

haemolysis associated with peroxidative damage (Chiu et al. 1982). However, a recent study has 

stated that vitamin C and E supplementation in sickle cell patients had no significant benefit and 

that surprisingly, an increase in haemolytic markers was seen in the vitamin-treated groups 

(Arruda et al. 2013). The conflicting results available regarding the use of vitamin 
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supplementation for SCA sufferers requires further investigation, especially due to the vast 

proportion of the SCA patients currently using vitamin supplements, as reflected in the results 

of this study. However, this also creates an opportunity for research into alternative natural 

treatments and supplements.  

Omega-3 fatty acid 

Omega-3 fatty acid supplementation for SCA patients has had more extensive studies 

undertaken than other identified supplements. Over a study period of 1 year, it was found that 

omega-3 supplementation in 140 SCA patients in a randomized, placebo-controlled, double-

blind trial, resulted in a reduction of vaso-occlusive events, anaemia status and required blood 

transfusions (Daak et al. 2013). Prior to this, a similar study was also carried out with 16 SCA 

participants and for a shorter study period (6 months); however, the findings replicated those 

of Daak et al (2013), whereby omega-3 supplementation resulted in a reduction in the number 

of sickle cell crises experienced (Okpala et al. 2011). The findings of these and similar studies 

lead to the conclusion that omega-3 supplementation is a valid and therapeutically beneficial 

addition to the diet of SCA populations and it is therefore encouraging to see Omega-3 being 

used by participants in this study. Other dietary supplements containing fatty acids, such as tiger 

nut and black seed, could therefore have similar nutraceutical properties for SCA patients.  

Garden egg 

There has been limited research conducted on garden egg and its potential health benefits. To 

date, the anti-inflammatory activity of garden egg has been studied on rats with induced paw 

oedema. After 7 days of garden egg administration, it was found that the rat paw oedema was 

significantly reduced and suggested that anti-inflammatory action had occurred (Anosike, 

Obidoa, and Ezeanyika 2012). This could be beneficial in SCA, where inflammation is believed to 

be a pre-cursor to vaso-occlusive events (Conran and Belcher 2018). In a similar study, ulcers 

were experimentally induced in rat models following garden egg administration, to determine 

the antiulcer effect of the domestic vegetable. Successful ulcer inhibition was discovered in the 

garden egg-treated rat group, indicative of dose-dependent antiulcer activity (Chioma, Obiora, 

and Chukwuemeka 2011). Both studies were carried out by researchers from the University of 

Nigeria, further suggesting that this economic flowering plant is particularly acknowledged in 

Nigeria and explains the representation of garden egg in table 9. 

Jobelyn 
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Studies have been carried out on Jobelyn in Nigeria to determine clinical efficacy. It has been 

discovered that an 8 week course of bi-daily Jobelyn supplement in HIV+ patients resulted in 

improved CD4+ T-cell numbers and haemoglobin levels in the treated patients, compared to the 

control group (Ayuba et al. 2014). This decrease in anaemic status and improved immune system 

of the HIV+ patients suggests an overall antiviral effect and it is likely that this natural 

supplement could be effective in other anaemic populations, including SCA. Regarding the effect 

of Jobelyn on oxidative stress, a recent study found that rats given Jobelyn supplementation 

thrice daily for 4 days showed lower MDA levels, representative of lipid peroxidation, than the 

negative control group (Charles, Patrick, and Godwin 2016). This portrayed a reduction in 

oxidative stress caused by the introduction of Jobelyn, and therefore presents an understanding 

for Jobelyn supplementation in the SCA participants of the current questionnaire. 

Ugu 

The use of ‘Ugu’ may be due to its suggested antioxidant, analgesic and anti-inflammatory 

properties. A recent in vitro study has identified the powerful 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) radical scavenging action of pumpkin juice extract, connoting antioxidant capacity, as 

well as a reduction in formalin-induced hind paw licking (Osukoya et al. 2016). This method uses 

the number of times a rat model licks its formalin-injected paw to represent pain level; 

therefore, a reduction in this value is suggestive of an analgesic effect of the extract. Another 

study on the use of pumpkin juice in murine models corroborated the antinociceptive and anti-

inflammatory activities of the natural extract, thought to be due to the presence of 

phytochemical compounds such as tannins and saponins (Akindele, Oladimeji-Salami, and 

Usuwah 2015). This has led to the recommendation of pumpkin juice as an adjunct therapy for 

SCA sufferers and therefore the presence of ‘Ugu’ within the results of this questionnaire is 

positive. 

6.4.3 Opinions of the efficacy of tiger nut and black seed by participants 

There are many factors that may have influenced these results regarding the efficacy of the 

products at reducing vaso-occlusive crises, including the short-term use of tiger nut (0-1 months) 

by most of the participants. Herbal medicines may take longer to work than standardised 

medicinal drugs and so extended use of tiger nut or black seed may have produced a different 

result. Furthermore, this study did not account for drug contraindications that may have 

impacted any beneficial action of the plant products. Many participants were unable to decide 

whether the treatment had been effective; this identifies the need to question a larger 
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population of patients with SCA with long-term experience of tiger nut and/or black seed, to 

deduce a more accurate representation of the population’s opinion. These results also imply a 

greater need for scientific research to truly summarise the potential of the products for patients 

with SCA. 

6.4.4. The effect of climate on SCA crises 

Alongside the information gained about the therapeutic routines of SCA suffers in this location, 

the questionnaire also introduced preliminary findings about the observed effect of hot and cold 

weather on the frequency of crises. The opinions of most participants were that crises were 

induced more in cold and rainy conditions, whereas hot conditions were believed to correlate 

with fewer crises. The findings from these questions are corroborated by previous research 

showing that generally, hospital attendance of SCA sufferers experiencing vaso-occlusive pain 

was higher in cold weather (Tewari et al. 2015). The reasoning for this is thought to be due to 

the peripheral vasoconstriction that occurs with exposure to cold temperature, reducing the 

speed of blood flow and therefore erythrocytes spending a larger proportion of time in 

deoxygenated states of the circulation (Tewari et al. 2015). Inevitably, this would enhance HbS 

polymerisation and the formation of sickle cells. Whilst anecdotally, there are many instances 

of SCA sufferers reporting an increase in vaso-occlusive crises and the associated pain during 

colder seasons, scientific research has yet to be undertaken to accurately acknowledge this 

(Tewari et al. 2015). It is also worth noting that due to the extreme variances between climates 

globally, it cannot be assumed that all sickle cell populations experience such effects of 

temperature. For example, in a British study of hospital admissions by SCA patients to King's 

College Hospital, London each month over a period of 3 years, there was no significant effect of 

rain or cold weather on SCA patient admission (Jones et al. 2005). The authors of this study 

explained that a temperate region such as London, does not exhibit the extremes of 

temperature and rainfall that are associated with tropical climates, such as Nigeria, and so it is 

difficult to directly compare or orchestrate a study on a global-scale to further expand our 

understanding of climate effects. Accurate guidance about the effectiveness of certain 

treatments for SCA is vital, yet providing advice for sufferers regarding how best to combat the 

onset of crises in specific seasons appropriate to individual countries, such as cold and rainy 

conditions, can also be of significant importance for self-management of the disorder.  
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6.5 Concluding remarks 

There is an apparent positive attitude of Nigerian people with SCA towards herbal, plant-based 

treatments. It can be summarised that dietary supplements are a valid way of introducing the 

nutraceutical benefits that many natural compounds possess and that these products could be 

especially utilised in cold, rainy seasons, when SCA sufferers appear to observe a greater 

frequency of crises. It seems that most SCA participants are accustomed to a treatment routine 

consisting of both prescription-based drugs and natural supplements. It is a viable suggestion to 

continue the use of successful adjunct therapies, but with alternative plant-based products that 

may have proven clinical and nutritional benefits to the consumer. The current results allow an 

insight into the personal opinions of those living with this haemoglobinopathy and further 

exploration could be undertaken to identify whether similar views are shared by people living 

with SCA in a developed country, such as England. The overall aim would be to identify 

treatment pathways that would ultimately improve the quality of life of sickle cell populations 

globally, using accessible and inexpensive regimens.    
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Chapter seven: Research conclusion 

 

The purpose of this extensive research was to determine the ability of two novel plant-based 

products (tiger nut oil and black seed oil) to act as antioxidant treatments to ameliorate the RBC 

disorder, sickle cell anaemia. This was achieved using in vitro experimental studies, focusing on 

the antioxidant, anti-sickling and anti-adhesive properties maintained by the natural test agents. 

Alongside this, qualitative data was collected in the form of anonymised questionnaire results, 

to perceive the social attitude of a subset of a Nigerian population living with sickle cell anaemia, 

towards natural herbal treatments, including tiger nut and black seed. These studies found that 

the antioxidant capacity assays comprising phenol content, DPPH scavenging activity, Trolox 

equivalent antioxidant capacity and intracellular ROS fluorescence showed both tiger nut oil and 

black seed oil to have free radical scavenging ability, which I argue to denote antioxidant 

properties of notable significance. Similarly, the sickle haemoglobin polymerisation and osmotic 

fragility assays, alongside morphological analysis, presented the ability of the plant-based oils to 

reduce the physical process of erythrocyte sickling in a deoxygenated environment. A different 

perspective was also included through the introduction of anti-adhesive capabilities of the 

natural oil treatments; flow cytometric analysis of HbS reticulocytes showed a decrease in the 

presence of the known adhesion receptors CD36 and CD239. The originality of isolating 

reticulocytes from HbS and HbA blood samples, using CD71 immunomagnetic beads specific to 

reticulocyte expression, prior to immunostaining to detect CD36-FITC and CD239-FITC markers, 

should be recognised. Moreover, the social opinion of Nigerian people with SCA responding to 

the questionnaire distributed in the University of Nigeria, Nsukka, suggests that there is 

confidence in the use of natural treatments and that many people with SCA already use a variety 

of herbal medicinal treatments alongside pharmaceutically prescribed treatments. This provides 

further justification for the advancement of this recent research investigating the potential, 

novel use of tiger nuts and black seed. Current thinking towards utilising the medicinal 

properties that some plants and natural products convey is changing towards one of acceptance, 

trust and curiosity; the need to continually and consistently undertake scientific research into 

the viability of using these treatments for specific disorders therefore is a rising priority and it is 

hoped that the research developed in this study will contribute to a more authentic and wide-

ranging foundation of knowledge.  
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In previous studies of each of these oils, the focus has been on exposing one specific property 

that they may hold. However, in the current study, a general overview of all the key qualities 

supported by the oils has been addressed. It has been acknowledged that without further 

corroboration of all the findings, they should be observed as crude estimations of the properties 

and abilities of these oils. The contribution of this research to a literary database is that it 

exposes an alternative form of medicine for sickle cell sufferers; these natural products may not 

have been identified to a wider audience before and so in the future, following further 

monitoring of the properties of the products, patients may have a wider range of therapies 

available to them.  

The overall results allow other researchers to continue the long-term work of developing the 

use of tiger nut and black seed products for sickle cell anaemia therapy, with a solid base of 

information to refer to. Ideally, further research would identify the safety and efficacy of these 

oils as anti-sickling treatments, eventually being tested in a human sickle cell model. Additional 

positive findings at these stages could propel the inclusion of tiger nut or black seed into 

treatment plans of suitable sickle cell patients, under the recommendation and supervision of 

the clinical care teams. The findings could also lead to more major implications, such as 

progression towards greater universal recognition of herbal medicine as a viable and powerful 

tool in disease management. In developing worlds, less pressure may be put upon strained 

medical clinics and inaccessible prescription-based drugs, if greater acknowledgment and revere 

is given towards traditional medicines, including the dietary inclusion of tiger nuts and black 

seeds. In developed nations, greater education of clinical care teams about nutraceuticals would 

allow informed decisions to be made by patients towards their treatment options.  This study 

also opens another poignant question: how many other naturally growing, openly accessible, 

inexpensively maintained, unexploited plant-based products are present in this world, that 

could alleviate the burden of and challenges of modern medicine, to improve the lives of 

suffering people on a global scale? 
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Chapter eight: The design of a future clinical trial for research 

development of N. sativa and C. esculentus 

 

8.1 Introduction 

Clinical trials are one of the primary reasons for the expanding clinical development of medical 

therapies that we have access to today. They are also one of the factors that allow clinical care 

teams to decide the most appropriate treatment path for individual patients. For this reason, 

the reliability of results from trials must be maintained and all findings must be declared; this 

includes side effects. Whilst side effects are often unexpected and unwanted, it is necessary for 

them to be detected in a controlled, supervised environment so that appropriate actions can be 

taken to manage, reduce and potentially eliminate them. This also allows for other doctors and 

patients to be aware of the potential risks of the treatment and to make an informed decision 

regarding its use. The ethical process preceding a clinical trial has rigorous approval criteria and 

its purpose is to ensure that each trial is carried out to the same high standard, with participant 

safety as priority.  

It is not required that natural remedies undergo the clinical trial process in order to be used by 

members of the public or to be anecdotally recommended to one’s acquaintances. Nonetheless, 

clinical trials are important to confidently support and market the routine use of these natural 

products on a global scale, with proven scientific backing (Parveen et al. 2015). Whilst in vitro 

findings are of great importance to determine preliminary treatment efficacy and mechanisms 

of action, without risking human health, the true potential of a treatment can be accurately 

deduced following an ethically balanced and structured human clinical trial. 

Regarding natural treatments for SCA, there is a particular drug that has been tested in clinical 

trials and has been approved for widespread use in Nigeria, with a global market potential. 

Niprisan is the trade name of a Nigerian herbal medicine, initially created by Rev. Ogunyale to 

treat people with SCA in his local area (Wambebe 2007). The National Institute for 

Pharmaceutical Research and Development (NIPRD) decided to investigate the anecdotal claims 

of the treatment’s efficacy and eventually developed a human clinical trial to further develop 

the product’s scientific credibility and validity. The raw materials used to produce Niprisan 

consist of Piper guineenses seeds, Pterocarpus osun stem, Eugenia caryophylum fruit and 
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Sorghum bicolor leaves (Wambebe 2007); the bioactive compounds were found to be vanillin 

and 5-(Hydroxymethyl)furfural. These compounds are both established antioxidants with 

proven free radical scavenging ability (Zhao et al. 2013) (Tai et al. 2011). Initial animal studies to 

determine the safety of Niprisan revealed a high therapeutic index, whilst its efficacy as an anti-

sickling agent was also supported in these studies (Wambebe 2007). This led to the approval of 

the Independent Ethics Committee and subsequently the National Agency for Food and Drug 

Administration and Control (NAFDAC) in Nigeria, for human clinical trials of Niprisan. In several 

repeated clinical trials, it was established that Niprisan treatment resulted in a reversal of sickled 

cells, including during periods of low oxygen tension (Wambebe 2007). This was linked to the 

drug’s ability to prevent HbS polymer formation and therefore maintain normal cell morphology. 

The findings were reflected in the participants acknowledgement that significantly fewer vaso-

occlusive crises were experienced and severity was reduced; additionally, no serious adverse 

effects were recorded in the study’s duration (Wambebe 2007).   

The investigative study of Niprisan commenced in 1992; however, it was not until 2006 that final 

approval by the NAFDAC was granted and Niprisan could be marketed as an anti-sickle cell 

therapy. This portrays the arduous and challenging journey of clinical trials for traditional herbal 

treatments and the level of commitment that research teams must deliver. Yet the fact that a 

scientifically approved natural anti-sickling treatment, based wholly on Nigerian indigenous 

biodiversity, has been successfully created is inspirational. It is also encouraging for other 

potential African herbal medicines, of which it is believed there are numerous. This includes tiger 

nut oil and black seed oil, following on from promising in vitro results. This chapter aims to cover 

the progress of an IRAS ethical approval submission, focused on in vivo testing of tiger nut oil 

and black seed oil. This includes the documentation required, together with amendment 

recommendations to the study design.  

Aim 

To create a study protocol for a potential future clinical trial of two natural products, tiger nut 

oil and black seed oil, to evidence their safety and efficacy as anti-sickling treatments in humans. 

Objectives 

• Form a collaboration with the haematology consultants at chosen sickle cell clinics 

• Produce inclusion and exclusion criteria relevant to the study 

• Calculate required sample size 
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• Use recommended guidelines for dosage of oral treatments 

• Determine factors to be analysed to determine intervention efficacy/safety and 

methods to achieve this 

• Produce an appropriate timescale for the study, including recruitment period 

• Produce detailed and concise participant information letter and consent form 

• Gain necessary Coventry University (CU)/Research Ethics Committee (REC) approval 

prior to study commencement 

8.2 Study design v1 

Identifying sickle cell clinics 

A study plan was created for a randomised, double blinded, controlled clinical trial of tiger nut 

oil and black seed oil. Firstly, contact was made with a haematology consultant within the target 

sickle cell clinics, to gauge interest in the study from both the clinical care team and potential 

sickle cell participants. The first sickle cell clinic chosen was based at University Hospitals 

Coventry and Warwickshire (UHCW) due to the proximity to CU. However, it was acknowledged 

that the sickle cell population at the UHCW clinic was small and attendance could be potentially 

unreliable. Therefore, the sickle cell clinic at Birmingham City Hospital (Sandwell and West 

Birmingham Hospitals, SWBH) was also included as a centre for recruitment, due to the greater 

population of sickle cell patients assigned there. It is likely that the larger volume of patients is 

due to the regional ethnic diversity present in Birmingham; SCA is a disorder most commonly 

occurring in people of African, Indian and Middle Eastern descent.  

Target population 

The next step was to classify the inclusion and exclusion criteria that would be specific for the 

treatments and for the study outcomes. The principal inclusion criterion was a sickle cell 

diagnosis; this was because the study would be based on the effect of oral consumption of 

herbal treatments by people with SCA. Additional criteria were the ability to give consent to 

participation in the study and participant age of 18-60 years. This age range was chosen as the 

research would not be focusing on age contribution to the intervention outcome and so a wide 

age bracket could be afforded. The exclusion criteria were as follows: pregnant/breastfeeding 

women, drug interactions (natural/herbal treatments) and recent participation in other 

research. Also, participants with nut or seed allergies would be excluded, due to the properties 

of the natural treatments to be tested. Whilst there may be no risk to pregnant/breastfeeding 
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women consuming the treatments, concerns for maternal, foetal and/or infant safety are 

priority. Participants would be excluded if they were simultaneously taking other natural 

remedies or if they had participated in a research study in the recent past, due to the risk of 

cross-over. The inclusion and exclusion criteria allowed a target population to be identified; the 

sample population could then be recruited from the specific clinics, considering the criteria.  

Sample size 

The primary outcome measure of this study would be the antioxidant level and ROS level of 

blood samples taken from sickle cell patients receiving tiger nut oil or black seed oil as a daily 

dietary supplement. The size of the sample required to detect a worthwhile change in 

antioxidant capacity of the sickle cell participants was deduced using statistical analysis. Size was 

calculated based on data from Hundekar et al. (2011). This study assessed changes in total 

antioxidant content and reported changes of 0.202 mmol/L (p < 0.05) over 30 days. Thus, to 

detect a smallest worthwhile change of 0.95 mmol/L over a longer supplementation period used 

in this study (56 days), and a within-subject standard deviation of 0.38 mmol/L, a sample size of 

n = 18 (n = 6 placebo, n = 6 tiger nut oil, n = 6 black seed oil) would be required to detect a 

change (power = 80%, α = 0.05). Sample size calculations were completed using a publicly 

available spreadsheet for the analysis of controlled trials (Hopkins 2003).  

Dosage of treatments and use of placebo control  

Consumption of the natural oil treatments would be taken orally. A placebo would be used 

(glycerine) to ensure any effects observed by the participants taking tiger nut oil or black seed 

oil were due to the oils and no other conditions of the study. Glycerine was chosen as the 

placebo due to its viscosity, alike to both tiger nut oil and black seed oil; it is also colourless and 

odourless, adding to its advantageous properties as a placebo. Glycerine is a regulated product, 

available at numerous pharmacies as an over-the-counter treatment for sore throats and 

coughs. Therefore, it was not viewed as a treatment that would cause unethical harm to 

participants within the placebo group. It was decided that the dosage of all treatments should 

follow the recommended amount of tiger nut oil and black seed oil for use as a daily dietary 

supplement, 2 x 5ml (advised as 2 x 5ml teaspoons). An adequate amount of treatment would 

be provided to each participant to last the duration of the study. Participants would be actively 

encouraged to continue their routine clinical care throughout the study. 

Risk of adverse effects  
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The risk of adverse effects occurring in a clinical trial are of the upmost concern, but especially 

so when testing a novel herbal treatment. Side effects are less likely to be known of or to be 

documented. Therefore, close monitoring of all participants throughout the study period would 

be essential. Potential risks to the participant were acknowledged in the participant information 

letter (PIL), where it was expressed that the dietary nature of the oils may carry minor side 

effects, expected to be minimal. A supervisory member of the research team had personal use 

of black seed oil and had observed no adverse effects whilst including the oil as part of their 

daily diet for a short period of time.  

It would be unexpected for research participants to encounter any other risks or burdens, except 

for the minor inconvenience of remembering to take the designated treatment daily. There 

would be no risks to the research team involved.  

Study timescale and random group allocation 

The length of time required for recruitment was considered, when producing a study timescale. 

Participants would initially be identified based on the haematology consultant’s knowledge of 

their patients’ medical history and perceived interest in a natural treatments study. The 

haematology consultants would have access to the patients’ medical records, to confirm current 

medical status. A provisional period of 1-2 months was suggested for recruitment in this manner. 

From this, all potential participants would be invited to a group meeting where further details 

of the proposed study could be discussed with the chief investigator, academic supervisor and 

haematology consultants. This would also provide an opportunity for any queries to be 

answered. Participants would be given 1 week to decide whether to consent to taking part in 

the study.  

Treatment allocation would be decided using a computer-generated simple randomisation tool. 

Numerical values would be assigned to each participant and the randomiser would determine a 

set of numbers to be consigned to a treatment group. Use of the numerical value for each 

individual participant was maintained throughout the study to ensure a double-blinded status; 

the academic supervisor would allocate the numerical values per participant, as the supervisor 

would not be involved in treatment group consignment or data analysis, therefore ensuring zero 

bias towards groups.  

Participants would be provided with their treatment in a concealed, brown glass bottle with a 

label explaining dosage guidance and study contact details. This would be the same for all 
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treatment bottles, to ensure consistency between groups. Participants would be advised that 

the daily 2 x 5ml oral consumption of their treatment should occur for 8 weeks. Following 

completion of the study, participants would be allowed to retain the chief investigator and 

academic supervisor’s contact details in case of long-term queries. Participants would also be 

invited to a final group discussion, held by the chief investigator and academic supervisor, to 

discuss their overall opinions towards the plant-based treatments and towards the study. 

Method of intervention efficacy and safety 

The first stage of participation would require sickle cell patients to complete a pre-screening 

questionnaire (see appendix 1.2), distributed by the haematology consultant at their sickle cell 

clinic. The purpose of this questionnaire would be to further determine eligibility, regarding the 

inclusion/exclusion criteria. Following satisfactory completion, patients would be invited to the 

group discussion, as explained in the ‘study timescale and random group allocation’ subchapter. 

Participant consent would then be expected to follow, as well as retainment of the participant 

information letter (PIL).  

Blood samples would be taken from participants on a regular basis. Initially, a blood sample 

would be taken prior to commencement of the study, to show baseline values of each 

participant. Then starting from the first day of treatment, a blood sample and a treatment 

questionnaire would be completed every 2 weeks. The blood samples would be used for 

laboratory analysis, to determine ROS presence, antioxidant activity and morphological 

observations of erythrocytes. It was proposed that participants could have the option to attend 

the fortnightly blood taking/questionnaire sessions at either their usual sickle cell clinic 

(UHCW/SWBH) or at CU, where phlebotomy would be carried out by a member of the clinical 

care team or by a trained academic, respectively. By analysing the blood samples during the 

treatment period, the desired response variable could be monitored. This would be a reduction 

in sickle cell morphology, a reduction in ROS presence and an increase in antioxidant capacity, 

compared to baseline values, overall suggesting a reduced frequency of cell sickling. The 

questionnaires to be completed at the fortnightly sessions would focus on the ease of 

administration of the treatment, consistency of consuming the treatment, taste of the 

treatment, noticeable effect on sickle cell symptoms and any other observed side effects. The 

use of the qualitative questionnaires would satisfy the secondary outcome, which would be to 

identify any adverse effects experienced by participants and therefore provide a crude measure 

of treatment safety.  
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Participant information letter (PIL) and consent form 

The PIL is an extremely important part of the study design for any clinical trial. It is the main 

source of information for potential participants and should cover all aspects of the study in a 

concise manner, using layman’s terms where possible. The PIL for this study was divided into 

sections for ease. The first paragraph focused on information about the project. This included 

the two plant-based oils (tiger nut and black seed) that would be tested, explaining that the 

antioxidants present in these products may be conducive to anti-sickling properties. It was also 

noted that the products were to be viewed as dietary supplements. In the second section of the 

PIL, the question “Why have I been chosen?” was answered. The primary reason would be the 

participant’s positive sickle cell diagnosis. The inclusion/exclusion criteria would also be also 

disclosed here. The next section of the PIL would cover the voluntary basis of the study 

participation and would assure all members that withdrawal from the project was acceptable at 

any time point; providing a reason for the withdrawal would not be compulsory. The subsequent 

segment of the letter would explain what would be required from a participant in the study, 

regarding attendance to an initial group discussion, as well as the requirement to consistently 

orally consume their allocated treatment based on the provided dosage guidance. This would 

be alongside attending fortnightly blood sample/questionnaire sessions. The next subdivision of 

the PIL stated the risks associated with taking part in the study. This was primarily minor 

inconvenience to daily life by consuming the treatment for the set period of time, as well as 

discomfort during blood collection sessions. It was also acknowledged that as a dietary 

supplement, the treatments may have minor side effects, but this would be unexpected. The 

benefits of taking part in the project were next discussed, as the results of the research could 

provide evidence for further long-term research into natural plant-based supplements for sickle 

cell sufferers. The aim of this would be to alleviate the intensity and frequency of symptoms 

experienced. The next paragraph of the PIL was used to cover data protection and 

confidentiality. Participants would be reassured that all blood samples would remain 

anonymous throughout the study, using only the numerical value assigned to each person. Used 

blood samples would subsequently be discarded into a biohazard waste disposal unit. 

Questionnaires would also only be marked with participants’ numerical value; all paper 

documents would be stored in separate, sealed boxes in a private access-only room of the Alison 

Gingell Building (Coventry University). In accordance to Coventry University data storage policy, 

all personal data would be discarded appropriately following completion of the entire project. 

The PIL would then expose the future of the research findings, as they would be used as part of 
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a PhD thesis, as well as possibly published in scientific journals and presented at research 

conferences. If requested, the research findings would be released to participants following 

project completion. Participants would be informed in the PIL that the study had received ethical 

approval from Coventry University and the NHS Health Research Authority (HRA). At the end of 

the PIL, participants would be provided with contact details of the chief investigator, academic 

supervisor and the study sponsor (Coventry University), in case of queries or complaints.  

Regarding the consent form, eight statements were to be consented to by each participant. 

These covered an understanding of the PIL and satisfactory answers to any queries raised, an 

understanding that participation is voluntary and can be withdrawn at any time without 

affecting medical/legal care, an understanding that all information provided would be kept 

confidential, an understanding that participants would retain anonymity for the study and 

subsequent literature produced, an agreement that contact details for relevant members of the 

research team had been provided, an agreement that participants would provide contact 

details, a confirmation that the participant complies with the inclusion/exclusion criteria, and 

finally that the participant agrees to take part in the research study. A small box would be 

provided next to each statement for the participant to initial, as well as space for their name, 

date and signature at the end of the form, denoting consent. Space would also be allocated for 

the name, date and signature of the chief investigator.  

CU ethical approval; IRAS ethical approval 

Once all documents had been completed, the next step was to submit for ethical approval from 

the relevant committees. In this instance, ethical approval was required from Coventry 

University first (see appendix 1.1), before approval from the NHS ethical board, known as the 

Integrated Research Approval System (IRAS). IRAS approval would be dependent on the 

outcome of a Research Ethics Committee (REC) meeting, whereby the chief investigator and 

academic supervisor would be required to attend, alongside a panel of suitable REC members 

to review the application.   
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8.3 REC outcome v1 

Following attendance at the REC meeting, the application was not approved by members of the 

panel. Feedback was received from the REC committee, regarding improvements to the study 

design of the proposed in vivo trial. The primary concern of the committee was the lack of 

disguise of each treatment; it was suggested that the taste and smell of the treatments should 

be unidentifiable, and a delivery system should be used that would further conceal their 

identities. Additionally, the placebo was deemed unacceptable due to potential gastrointestinal 

side effects over a period of use. There was a further concern that the study may promote a 

negative outlook towards standard medical treatments for SCA, aided by current media 

influence, therefore potentially encouraging participants to stop taking prescribed medication. 

This could inevitably have harmful consequences to the participants health. A further concern 

regarding safety was the lack of drug names in the exclusion criteria, meaning participants may 

be unsure if a specific drug they were taking could contribute to drug interactions during the 

study.  

Clarifications and further detail were also requested involving information in the PIL, where the 

timescale of the study and specific requirements of participants could be clearer. It was also 

advised that a larger study sample size should be used to produce more useful data. The 

Committee added that a contact for the Patient Advice and Liaisons Service should be provided 

in the contact list on the PIL for complaints and general advice. In addition to this, participants 

should be made aware that regulatory bodies may review the study data at any time. Finally, 

the PIL should notify participants that their GP would be informed about their patient’s 

involvement in the study.  

Suggestions to the treatment questionnaire were based on adding text boxes to allow space for 

comments, as well as making the answer scales clearer in terms of positive and negative 

answers. All recommendations were considered and the study design, along with required 

documents, were amended accordingly to produce version 2.  

8.4 Study design v2 

Target population/sample size 

Firstly, the recruitment site was amended to include Birmingham City Hospital (SWBH) only. This 

would ease participant logistics, as well as providing a single base for blood 

sample/questionnaire sessions. Also, the sickle cell population would be much greater at SWBH, 
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than UHCW, therefore allowing for a larger sample size with manageable co-ordination in one 

location. The exclusion criteria were expanded to include drug names and medical conditions, 

such as people with diabetes, people with low blood pressure and drug interactions: antidiabetic 

medication e.g. insulin, metformin, glyburide and others, antihypertensive medication e.g. 

verapamil, nifedipine, isradipine and others, immunosuppressant medication e.g. azathioprine, 

cyclosporine, corticosteroids and others, anticoagulant medication e.g. heparin, warfarin and 

others.  

Dosage of treatments and use of placebo 

The main concern with the study design was the delivery system of the treatments. This was 

amended to detail the use of capsules (suitable for oil-based liquids) to disguise the smell, taste 

and appearance of the oils. This would also enable more accurate dosage control, as participants 

would be directed to consume 2 x 2 capsules daily (instructed as 2 capsules in the morning and 

2 capsules in the evening). The use of glycerine as a placebo was removed, due to possible 

gastrointestinal effects. It was aimed that the study would be a comparison of pre-treatment 

and post-treatment results.  

Risk of adverse effects 

Published studies were included in the study design, whereby findings had shown the safety of 

black seed and tiger nut in murine models and healthy human subjects. Toxicology studies had 

also found acceptable leukocyte safety following black seed consumption in murine models; 

however, it was acknowledged in the study protocol that leukocyte count would be monitored 

throughout the study to ensure changes could be identified swiftly. Regarding the tiger nut oil 

and black seed oil that would be used in the study, analytical reports and certificates of food 

safety from the manufacturing companies were included in the study documentation.  

Study timescale 

The time commitment of participants was made clearer using a table (table 10), where subjects 

could see what activity would be occurring in each week of the study. 
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Week Oil treatment consumption Blood samples taken Questionnaire to be completed 

1  X  

2 X   

3 X X X 

4 X   

5 X X X 

6 X   

7 X X X 

8 X   

9 X X X 

10  X  

Table 10. Guidance table included in PIL to inform participants of weekly events.  

Participants would be required to attend a blood sample session 1 week prior to treatment 

commencement, as well as 1 week after treatment cessation. This would result in a 10-week 

study, with 8 weeks of treatment included. Also, the table format enabled participants to easily 

identify the 6 blood collection sessions they would be required to attend.  

Method of treatment efficacy and safety 

The qualitative aspect of the study was edited to ensure that the questionnaires could be 

completed with ease during each session (see appendix 1.3). Where applicable, a numerical 

scale was included to distinguish between high and low scoring of answers. Some of the original 

questions were deemed unnecessary and so were removed to make the questionnaire more 

concise and specific, whilst also providing additional writing space for participants personal 

comments.  

Participant information letter (PIL) and consent form  

The tone of the PIL was adjusted to meet neutrality (see appendix 1.4). This included specific 

vocabulary alterations regarding current prescribed medication for SCA, to reduce negative 

implications. Furthermore, participants would be actively encouraged to continue their 

prescribed medication and therapies for the duration of the study. Contact information was 

provided on the PIL to include the Patient Advice and Liaisons Service for City Hospital and who 

to contact in the event of withdrawal from the study. Both the PIL and consent form (see 

appendix 1.5) informed participants that their GP would be notified of their involvement in the 
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study; the PIL also stated that regulatory bodies may also require access to the study data to 

ensure compliance with regulations.  

CU ethical approval; IRAS ethical approval 

CU ethics were notified of, and consequently approved, the documentation amendments, 

before re-submission to IRAS. A covering letter was also included with the re-submission to 

indicate the changes that had been made (see appendix 1.6), following REC feedback. The 

application was deemed valid for review and another REC meeting was co-ordinated.  

8.5 REC outcome v2 

The result of the application after a second REC meeting was a ‘provisional opinion’ (see 

appendix 1.7), pending further information and clarification. The committee required updated 

approval from the Medicines and Healthcare products Regulatory Agency (MHRA) now that the 

delivery system of the trial products had changed. There was also clarification sought regarding 

the transport of the blood samples from each fortnightly session to Coventry University, to 

ensure that the clinical samples in transit maintain integrity, as well as minimising the risk of 

spillage or contamination. The REC panel also stated that family members of participants must 

not be used for any translation during the study and that designated hospital translators should 

be used, to ensure neutrality and reliability. Whilst CU ethical approval had already been granted 

for the updated study protocol, this needed to be made apparent in the IRAS submission with 

the relevant documentation. Several amendments to the PIL were also requested, including a 

clear definition for the medical term “immunosuppressant” and replacing the wording of “a.m.” 

and “p.m.” to “morning” and “afternoon” in dosage instructions. Likewise, the wording of “sickle 

cell patients” was to be edited to prevent negative implication. Additionally, it should be made 

clearer in the PIL that withdrawal from the study would not affect participants routine standard 

of care. Clarification concerning the possible side effects a participant may experience should 

also be made, as it was suggested by the REC members that if specific side effects may occur, no 

matter how minor, then these should be individually stated for participants to look out for. More 

information about the final focus group, at the end of the study period, was to be provided to 

participants in the PIL, to prepare them for any requirements and to give an overview of the 

discussion topics. Finally, the REC panel requested the placebo control to be reintroduced as the 

use of capsules for oral consumption would allow for this. Similarly, the chemical composition 

of the non-gelatine, vegetarian capsules to be used should be integrated into the study 

documentation to ensure that their use would be suitable for all participants.  
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8.6 Concluding remarks 

Future progression of tiger nut oil and black seed oil supplementary treatments was considered 

in the form of a clinical trial design, that has been reviewed by the NHS Research Ethics 

Committee. The provisional opinion and the requested amendments would be manageable in 

the future, to continue the development of the human in vivo study. For example, the MHRA 

have already maintained their approval of the study using a capsule delivery system. With 

appropriate funding and an experienced research and clinical care team, it is believed that this 

investigation into the potential anti-sickling effects of tiger nut oil and black seed oil in human 

subjects could acquire IRAS approval and therefore could progress as a promising, ethically-

balanced and informative study. The development of a clinical trial design for these plant-based 

supplements has opened an opportunity for a multidisciplinary research team to build on this 

groundwork and undertake such an intricate yet essential part of herbal drug development. 
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Appendices 

 

1. Design of a clinical trial 

1.1 CU Ethical approval certificate 

 

 

 

 

 

Certificate of Ethical Approval  

Applicant:  

Chloe Jagpal  

  

Project Title:  

The in vivo effect of tiger nut/black seed oil on sickle cell patients.  

  

This is to certify that the above-named applicant has completed the Coventry University 

Ethical Approval process and their project has been confirmed and approved as Medium 

Risk  

Date of approval: 16 November 2017  

Project Reference Number: P59771  
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1.2 Eligibility questionnaire to be completed by participants 

 

Antioxidant treatment of sickle cell anaemia study: 

Pre-screening questionnaire 

Please be reassured that all answers to this questionnaire will be kept anonymous and used 

for the sole purpose of research.  

Please answer the following questions: 

1) Do you currently take any treatments for your sickle cell disorder? 

 

       Yes □                                                No □ 

 

2) If you answered ‘Yes’ to question 1, is it a medically prescribed drug? 

 

  Yes □                                                No □ 

 

3) If you answered ‘Yes’ to question 2, what is the name of this drug(s)? 

 

_________________________________________________________________ 

_________________________________________________________________ 

 

4) How long have you been using this drug(s) for? 

 

0-1 month □          1-6 months □                    6+ months □                   N/A   □ 

 

5) Apart from medically prescribed drug(s), have you ever used any natural 

treatment/supplement or traditional treatment? 

 

                    Yes □                                                No □                           Not sure □                                     
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6) What is the name of this treatment(s)? Please leave blank if N/A. 

__________________________________________________________________ 

              __________________________________________________________________ 

 

7) Have you ever used Tiger nut Oil (Cyperus esculentus)? 

 

  Yes □                                                No □                                  Not sure □ 

 

8) How long did you use Tiger Nut oil for? 

 

0-2 months □       1-6 months □                   6+ months □                      N/A   □   

 

 

9) Have you ever used Black Seed Oil (Nigella Sativa)? 

 

  Yes □                                                No □                                  Not sure □ 

 

10) How long did you use Black seed oil for? 

 

  0-2 months □        1-6 months □                       6+ months □                      N/A   □   

 

 

11) Did you find Tiger Nut oil and/or Black seed oil to be effective in reducing the 

frequency of your sickle cell anaemia crises? Please feel free to comment on this in 

the space below. 

                    Yes □                                No □                         Not sure □                             N/A   □   

 

 

12) Do you have any allergies (e.g. nut/seed)? If so, please list below: 
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13) Are you pregnant at the time of completing this questionnaire? 

 

Yes □                                                No □ 

 

 

14) Are you currently involved in any other research project/study? If so, please give 

details below: 

 

Yes □                                                No □ 

 

 

 

15) Have you been diagnosed with diabetes? 

Yes □                                                No □ 

 

16) Have you been diagnosed with low blood pressure? 

Yes □                                                No □ 

 

17) Are you taking immunosuppressant medication? 

 

Yes □                                                No □ 
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Please feel free to leave any additional comments: 

 

           

           

           

      

Thank you very much for your time and co-operation. 
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1.3 Treatment questionnaire to be completed by participants  

 

Antioxidant treatment of sickle cell anaemia study: 

Study questionnaire 

 

Please be reassured that all answers to this questionnaire will be kept anonymous and used 

for the sole purpose of this research.  

Please answer the following questions: 

1) Have you been taking the treatment ever y day, at the dosage instructed to you? 

 

                   Yes □                                                No □ 

 

2) Have you found it easy to remember to take the oil every day? 

 

                   Yes □                                                No □ 

 

3) Have you found it easy to consume the oil?  

                                  Yes □                                                No □ 

 

4) On a scale of 0-10, how would you rate the taste of the oil? 

 (0 = Very negative taste; 10 = very positive taste). Please circle: 

 

0        1        2        3        4        5        6       7       8       9       10 

 

 

5) Have you experienced a decrease in sickle cell symptoms and/or crises since taking 

this oil? 

 

Yes □                                             No □                                   Not sure □ 
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6) Have you experienced an increase in sickle cell symptoms and/or crises since 

taking this oil? 

 

Yes □                                             No □                                   Not sure □ 

 

7) Have you experienced any other effects since taking this oil? 

 

______________________________________________________________________ 

              ______________________________________________________________________ 

 

Please feel free to leave any comments you have about the oil treatment you have 

been taking as part of this study: 

 

           

           

           

        

Thank you very much for your time and co-operation. 
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1.4 Participant Information Letter 

 

 

The in vivo effect of tiger nut 

oil/black seed oil in patients with 

sickle cell anaemia 

Participant information sheet 

Information about the project 

In this project, two natural, plant-based oils (tiger nut oil and black seed oil) will be 

tested in sickle cell participants, to determine their use as sickle cell supplements. 

These oils have high levels of antioxidants. Antioxidants are natural substances that 

remove potentially harmful molecules in our bodies. It has been shown that there is 

excessive production of these harmful molecules in sickle cell patients which is 

thought to encourage cell sickling. Therefore, by taking antioxidant supplements, such 

as tiger nut oil and/or black seed oil, it is thought that the frequency of cell sickling 

will be reduced.  

 

Prior laboratory work has shown the effectiveness of both oils when tested on sickle cell 

samples. The oils are classed as dietary supplements and therefore would not require 

prescriptions. 

 

Why have I been chosen? 

You have been chosen as this study requires the participation of sickle cell patients, 

between the ages of 18-60 years old. 

 

Participants should not take part, if: 

• They are taking any other natural supplements for the duration of the study 
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• They are involved in any other research simultaneously 

• They are pregnant and/or breastfeeding 

• They are diabetic 

• They have low blood pressure 

• They are taking antidiabetic medication (e.g. insulin, metformin, glyburide 

and others) 

• They are taking antihypertensive medication (e.g. verapamil, nifedipine, 

isradipine and others) 

• They are taking immunosuppressant medication (e.g. azathioprine, 

cyclosporine, corticosteroids and others)   

• They are anticoagulant medication (e.g. heparin, warfarin and others) 

• They have nut/seed allergies  

It is imperative that any of these factors are disclosed on the pre-screening 

questionnaire. 

 

Do I have to take part? 

Participation in this research project is voluntary and you do not need to give any 

reason if you decide not to take part or withdraw. 

 

Your GP will be informed of your participation in this study and will be provided with 

contact details for Chloe Jagpal and Yvonne Elliott, should they have any queries. 

 

You may withdraw from the study at any point; you can do this by contacting Chloe 

Jagpal, stating your desire to withdraw and providing your assigned participant 

number, to maintain anonymity. Any data or personal information received from you 

at this point will be discarded. 

 

What do I have to do? 

There are 3 sections to this study that you will be required to participate in. 
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1) A pre-screening questionnaire will need to be completed. It is expected that this 

questionnaire will take no longer than 5 minutes. If this shows that you are eligible 

for this study, you will be invited to a group meeting held by Chloe Jagpal and 

Yvonne Elliott to discuss in detail the process of this study and allow opportunity for 

questions and queries to be raised and answered (date and location tbc). 

 

2) Written consent will be taken if you agree to participate in the study. You will be 

expected to orally consume either tiger nut oil or black seed oil in capsule form, on 

a daily basis for 8 weeks. You will be randomly assigned to an oil type and you will 

be unaware of which oil you are consuming, to prevent unintentional bias. The 

dosage of oil to be taken by each participant will be 2 x 2 capsules (2 in a.m., 2 in 

p.m.). You will be provided with adequate capsules to last the duration of the study; 

all capsules will be given to participants in a bottle labelled only with participant 

number, dosage and instructions for taking the capsules daily, as well as contact 

numbers for Chloe Jagpal and Yvonne Elliott. The capsules can be taken at any 

location most convenient to each participant. 2 capsules should be taken in the a.m. 

and 2 capsules should be taken in the p.m. The time of day should remain 

consistent throughout the study. It is not necessary to consume the capsules with 

food or under any other specific condition. 

 

3) The third section of this study requires participants to have 2 blood samples taken 

once before the treatment period begins, every 2 weeks during the treatment 

period and once following the treatment period. The blood samples will be used by 

Chloe Jagpal for laboratory tests to measure antioxidant levels and observe the 

shape of red blood cells in each sample. RNA analysis will also be undertaken on the 

blood samples, to investigate genetic profiles linked to sickle cell anaemia. The 

laboratory will be based in the research lab, Science and Health building, Coventry 

University, Priory Street, CV1 5FU. Blood taking sessions will occur at participants 

haematology ward at City Hospital Birmingham, by a trained member of NHS staff. 

At each blood sample session, participants will also be required to complete a 

questionnaire. It is estimated that the questionnaire will take 5-10 minutes at each 
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session and will focus on topics such as ease of administration of the treatment oil 

and any side effect observations. 

 

It is expected that 6 blood taking sessions (2 blood samples each time) and 4 questionnaire 

sessions are to be attended by each participant. Please see guidance table below. 

Week Treatment consumption Blood samples taken Questionnaire to be 

completed 

1  X  

2 X   

3 X X X 

4 X   

5 X X X 

6 X   

7 X X X 

8 X   

9 X X X 

10  X  

 

It is vital that each participant follows all 3 sections of this study. 

 

What are the risks associated with this project? 

You may experience discomfort when having blood taken. The date/time of blood taking 

sessions will be discussed with Chloe Jagpal prior to beginning the study, to ensure 

convenience to participants.  

 

You may also find it inconvenient to consume your dosage of capsule every day, but please 

note it is significant that this is followed to ensure validity and accuracy. 

 

Previous studies have been carried out on mice and it was found that tiger nuts had no 

significant effect on parameters tested, such as white blood cell count and serum cholesterol 
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levels.  Black seeds were tested for similar parameters and it was found that whilst black seeds 

were also safe and had very little effect on most of the parameters, there was a slight decrease 

in white blood cell count. Therefore, the white blood cell count of each participant will be 

monitored carefully over the course of the study and any observations will be reported to the 

participant and haematology consultant immediately. Participants will be informed to stop 

taking the treatment, if this occurs. 

 

As a dietary supplement, it is possible that these natural oils may carry minor side effects. If 

this occurs and you notice any unexpected effects, it is vital that you inform your GP and 

Yvonne Elliott/Chloe Jagpal and stop taking the oil treatment immediately. 

   

What are the benefits of taking part? 

Your assistance with this research will be greatly appreciated and will allow a greater 

insight into the potential use of natural supplements as alternative sickle cell 

treatments. 

 

The results of this study could provide evidence for the use of natural treatments for 

sickle cell patients as a way of reducing the intensity and frequency of sickle cell 

symptoms, and therefore could potentially work alongside prescription 

drugs/hospital-based treatments. Another benefit of plant-based/herbal dietary 

supplements is the minimal risk of side effects.  

 

 

Data protection & confidentiality  

All blood samples will remain anonymous for the entirety of the project; once collected from 

participant, blood samples will be labelled with participant number. This will only be 

identifiable by Chloe Jagpal. Used blood samples will be discarded in a biohazard waste 

disposal unit. 
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Questionnaires and consent forms will be marked with participant number. This will only be 

identifiable by Chloe Jagpal. Questionnaires and consent forms will be electronically scanned 

and kept on the password-protected private account of Chloe Jagpal at Coventry University. 

All paper documents will be discarded in confidential waste. In accordance to Coventry 

University data storage policy, all personal data will be discarded appropriately following 

completion of the PhD. Copies of signed consent forms will also be kept in patient’s notes by 

the patient’s haematology consultant and in the site file. 

 

Direct but anonymous quotations from participants may also be used in subsequent 

literature. 

 

Who should you talk to if you have questions or you wish to make a complaint? 

Please feel free to ask Chloe Jagpal or Yvonne Elliott any queries you may have at any point 

through the study. Contact details can be found below.  

 

If you have any questions about your rights as a participant or feel you have been placed at 

risk you can contact Chloe Jagpal or Yvonne Elliott. 

 

If you wish to make a complaint regarding the study, please contact Professor Olivier 

Sparagano (Coventry University).  

 

For complaints and/or general advice, please contact the Patient Advice and Liaison Service 

(PALS): City Hospital. 

 

Contact details can be found below.  

 

What will happen with the results of the study? 
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Data and results from your participation in the study will be used by Chloe Jagpal as part of 

their PhD research. The data will also be available to Yvonne Elliott. 

 

Regulatory authorities (Medicines and Healthcare Regulatory Agency (MHRA), may also 

review the study data at any given time, to permit trial-related monitoring, audits and 

inspections. 

 

The research findings will also be published in scientific journals, presented at research 

conferences and in an academic thesis; the identity of participants will be kept anonymous 

throughout.  

 

The results of this study will be provided to participants, if requested, following completion 

of data analysis by Chloe Jagpal. 

 

Who has reviewed this study? 

This study has ethical approval from Coventry University and the NHS Health Research 

Authority (HRA). 

Key contact details  

 

Chief Investigator: 

Chloe Jagpal  

BSc, MSc 

Dept of Biomolecular & Sports Science 

Science & Health Building, Coventry University, CV1  5FB 

jagpalc@uni.coventry.ac.uk 

07972 339737 

 

Academic Supervisor: 

mailto:jagpalc@uni.coventry.ac.uk
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Yvonne Elliott 

Senior Lecturer, Placement Manager, Biomedical Scientist 

Dept of Biomolecular & Sports Science 

Science & Health Building, Coventry University, CV1  5FB 

aa7552@coventry.ac.uk 

 

Pro-Vice Chancellor: 

Professor Olivier Sparagano 

BSc, MSc, PhD, AMRSC, CBiol, FSB, FSTVM, FHEA, FRES 

Associate Pro Vice-Chancellor Research 

Head of the Research Office 

Vice-Chancellor Office, Coventry University, CV1  5FB 

ab8677@coventry.ac.uk  

 

Patient Advice and Liaison Service (PALS): City Hospital 

Dudley Road, Birmingham, West Midlands, B18 7QH 

0121 507 5836/0121 607 3369 

pals@swbh.nhs.uk 

 

  

mailto:aa7552@coventry.ac.uk
mailto:ab8677@coventry.ac.uk


Appendices 

211 | P a g e  
 

1.5 Participant consent form 

CONSENT FORM 

The in vivo effect of tiger nut oil/black seed oil on sickle cell patients. 

Chloe Jagpal (Chief Investigator) 

Yvonne Elliott (Academic Supervisor) 

                                                                                                                                                                 Please initial all boxes  

1. I confirm that I have read and understand the participant information sheet, for the above 

study.  I have had the opportunity to consider the information, ask questions and have had 

these answered satisfactorily. 

   

2. I understand that my participation is voluntary and that I am free to withdraw at any time 

without giving any reason, without my medical care or legal rights being affected. 

 

3. I understand that all the information I provide will be treated in confidence and only 

disclosed to people detailed on the Participant Information Sheet. 

 

4. I consent to my GP being informed about my participation in this study. 

 

5. I understand that my identity will remain anonymous in all literature (e.g. PhD thesis, 

scientific articles, conference posters, anonymous quotations) based on this study and will 

only be referred to by a numerical system. 

 

6. I agree that I have been provided with contact details (email address and phone number) 

for the chief investigator and supervisor of this study (please see participant information 

sheet). 

 

7. I confirm that I do not have either a nut or seed allergy, that I am not pregnant or 

breastfeeding, that I am not diabetic or hypertensive and that I am not currently 

participating in any other research. 

https://www.myresearchproject.org.uk/Forms/MainFormIndex.aspx?Id=229870&c=0
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8. I agree to take part in the above study.    

 

            

Name of Participant   Date    Signature 

 

  

 

            

Name of Chief investigator  Date    Signature 
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1.6 Covering letter accompanying study design V2 

Chloe Jagpal 

 

 

 

Dear whom it may concern, 

This is a covering letter to support the IRAS application 242699 (“The use of natural oils as sickle 

cell anaemia treatments”. This project was initially assessed on 13/12/17 with REC reference: 

17/WM/0450 and IRAS ID: 229870, by the Edgbaston Research Ethics Committee with me in 

attendance. This application was given an unfavourable opinion and was not approved. 

However, I have taken into account the concerns of the committee and have made appropriate 

amendments. Please see below for highlighted changes. 

The main issue appeared to be the delivery system of the oil treatments, as originally, they were 

intended to be given in oil format, in opaque bottles labelled only with dosage instructions and 

CI contact details. However, in order to disguise the smell, taste and appearance of the oils, this 

application will use capsules (suitable for oil-based liquids) as the delivery system. This will also 

allow greater accuracy with patient dosage.  

Additionally, the academic supervisor of this application has personally orally consumed black 

seed oil for a period of time and found no issue with taste or side effects. Published studies have 

also shown the safety of both black seed and tiger nut when given to murine models and also in 

healthy human subjects. These studies have primarily been carried out in regions of Nigeria, 

where the plant-based products are commonly included in daily diets.  

The properties of the oils have been attained from the oil manufacturers, who have provided 

analytical reports such as GC to determine fatty acid properties. These manufacturers would be 

used to order the required oils and batch numbers would be retained to track analytical reports 

and ensure standardisation.  

In order to reduce the risk of participants being encouraged to stop taking their prescribed 

medication, wording has been altered in the participant information letter to reduce the 

negative connotations associated with prescribed drugs. For example, the wording “reduce 

reliance on...” has been changed to “work alongside...” in regard to the oil treatment 
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supplementation. Participants will be regularly reminded to continue the treatments suggested 

by their GP and haematology consultant.  

The exclusion criteria have been extended to include specific disorders and the possible drugs 

that may interact within this study.     

The placebo (glycerine) has been removed from the study due to the gastrointestinal concerns 

raised by the committee. 

The length of time each participant would be required to assist in the study has been made 

clearer in the participant information letter, in bold font, as well as a visual table to clarify when 

each step of the study would occur in relation to one another. The study has been amended to 

show 10 weeks participant in total, with 8 weeks of those being oil treatment period. This also 

shows that blood samples will be taken at 6 sessions, with 2 samples of blood being taken each 

time in EDTA collection tubes.  

The issue regarding leukocyte function has been addressed as published studies have shown the 

safety of the plant-based products on leukocyte counts, with no effect observed in murine 

models receiving tiger nut oil and a non-significant decrease in leukocyte count being seen in 

murine subjects receiving black seed oil. This has been taken into account and leukocyte count 

of each blood sample from each participant will be monitored throughout the study. If significant 

changes are observed, participant will be notified to cease consumption of the treatment and 

their GP will be notified of the event.  

A contact information consent form has been included in this application, whereby the 

haematology consultant would be required to receive consent from their patient before 

releasing patient contact information to the CI.  

Information regarding the use of participant blood samples for RNA analysis has been included 

in the participant information letter. Additional information has also been included about who 

to contact in the event of participation withdrawal and contact information for PALs has been 

added. It has also been included that direct quotations may be used in published literature and 

thesis write-up. Additionally, participants will be aware that regulatory bodies may also view the 

study data to comply with regulations. Finally, the consent form and participant information 

letter now include information about participant’s GP being informed about their involvement 

in the study.  
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Participants will now have all blood taken in the haematology ward of City hospital (SWBH), to 

ensure consistency and reduce confusion about locations. This will be carried out by the clinical 

care team under the supervision of the haematology consultant.  

Data storage has also been amended to inform participants that paper copies of confidential 

documents would be discarded in allocated confidential waste discard and scanned electronic 

copies will be under the password-protected private account of the CI. Access to this confidential 

data, such as contact details, would be limited to the CI. However, data research and results 

would be viewed by the academic supervisor as well as the CI. 

The questionnaire format has been slightly altered to ease understanding. A scale has been 

added to distinguish positive and negative answers for several questions. Unnecessary questions 

about specific opinions have been removed.  

I hope these points show the required changes to the study design and documentation. 

 

Yours faithfully, 

 

Chloe Jagpal 

(Chief Investigator) 
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1.7 REC Provisional opinion letter for study design V2 

  

Content removed on data protection grounds



Appendices 

217 | P a g e  
 

Content removed on data protection grounds

http://www.hra-decisiontools.org.uk/consent/index.html
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Content removed on data protection grounds
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Content removed on data protection grounds
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Content removed on data protection grounds
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