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Abstract                                                                                                                            

Background: Prevalence of mild anemia is high in apparently healthy populations in the 

developing countries of South Asia. A few human studies have shown that use of antioxidant 

vitamins such as vitamin E could correct anemia. However, the exact molecular 

mechanism(s) of this correction is still unclear. One of the possible mechanisms of action of 

vitamin E in enhancing blood hemoglobin levels in humans could be through inhibition of 

apoptosis of erythroid stem cells. A few studies have shown that the inhibition of 

proapoptotic proteins by various intra- and extracellular factors may cause increased survival 

of human erythroid progenitor cells (EPCs). Some of the animal studies have also suggested 

the possible role of vitamin E in the prevention and/ or correction of defective erythropoiesis. 

Moreover, it has also been reported that vitamin E decreases the experimentally-induced 

apoptosis in bone marrow hematopoietic stem cells in animals. The objectives of this study 

were to find out the effect of vitamin E supplementation on blood hemoglobin levels in 

apparently healthy but mildly anemic Pakistani adults and to investigate whether any positive 

effect of vitamin E on hemoglobin levels in apparently healthy humans could be due to 

inhibition of apoptosis of EPCs.   

Methods: To study the effect of vitamin E on hemoglobin levels, a single blinded and 

placebo-controlled trial was carried out on 124 apparently healthy mildly anemic adult 

human subjects recruited from the General Practioners’ Clinics and also included personnel 

from the Aga Khan University, Karachi. All the subjects were recruited with informed 

consent. The study subjects were randomly assigned to the Intervention group (n=82) and the 

Control group (n=42). In the Intervention group, each subject was given vitamin E (400 mg) 

every day for three consecutive months, while Control group subjects received a placebo. 

Eighty six subjects completed the trial. Fasting venous blood was collected at baseline and 
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after three months of supplementation. Blood hemoglobin levels and serum/plasma 

concentrations of vitamin E, erythropoietin, total antioxidant status (TAS), vitamin B12, 

folate, ferritin, serum Transferrin Receptor (sTfR), glucose, creatinine and lipid profile were 

determined, compared between Intervention and Control groups and analyzed using repeated 

measures ANOVA and multiple linear regression. To find out the probable mechanism of 

action of vitamin E on blood hemoglobin levels, CD34+-derived EPCs were isolated from 

human peripheral blood mononuclear cells (PBMNCs) of apparently healthy Pakistani adult 

volunteers by density gradient centrifugation followed by magnetic activated cell sorting 

(MACS) using CD34+ selection kit. Purity of the isolated EPCs was assessed through 

immune fluorescence microscopy using Fluorescein-5-isothiocyanate (FITC)-conjugated 

monoclonal antibodies against various EPCs surface antigens. The purity of CD34+-derived 

EPCs was found to be 95-98%. CD34+-derived EPCs were then cultured for 7-14 days in the 

recommended medium supplemented with erythroid expansion supplement. To study the 

effect of vitamin E on apoptosis of erythroid stem cells, EPCs were treated in vitro with 

various concentrations of Tumor necrosis factor (TNF)-α to induce apoptosis. The 

concentration of TNF-α inducing maximum apoptosis was then selected to study any 

protective effect of vitamin E. EPCs were then incubated at various concentrations of vitamin 

E (zero, 10, 50 and 100 µg/ml) or erythropoietin (zero, 10, 50 and 100 IU/ml) followed by 

addition of 100 ng/ml concentration of TNF-α which produced the maximum apoptosis under 

the experimental conditions. The percentage of apoptosis of the treated EPCs was measured 

through flow cytometry by using annexin V and propidium iodide (PI) staining.  Two-way 

ANOVA with replacement was used to find out the mean difference between the effects of 

increasing concentrations of drug (vitamin E or erythropoietin) treatment and the interaction 

of these drugs on TNF-α-induced apoptosis of EPCs.  
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Results: In the study population, there was a significant increase in post-supplemental 

concentrations of both vitamin E and hemoglobin (p value= 0.045 and p value= 0.049, 

respectively) when compared with their baseline concentrations. However, when the mean 

post-supplemental levels of both vitamin E and hemoglobin levels were compared, 

significant increase in vitamin E (p value= 0.01) and hemoglobin (p value <0.001) levels 

were observed in the intervention group (vitamin E supplemented) as compared to the control 

(placebo) group. The adjusted regression coefficients (β) and standard error [SE(β)] of the 

significant determinants of post-supplemental hemoglobin levels were serum concentration 

of vitamin E (0.983[0.095]), baseline hemoglobin levels (0.768[0.077]), sTfR(-0.06[0.02]) 

and gender (male or female, -0.656[0.224]). Regarding the second objective of the study 

pertaining to the possible underlying mechanism of the action of vitamin E on apoptosis of 

CD34+-derived EPCs, the mean percentages of early and late apoptotic CD34+-derived EPCs 

after treatment with TNF-α (100 ng/ml) alone were 58.7± 4.87% and 8.9± 3.43%, 

respectively. Vitamin E and erythropoietin in highest used concentrations (100 µg/ml and 

100 IU/ml, respectively) decreased the percent cell early apoptosis of treated EPCs to 25.2± 

4.70% and 5.3± 1.81%, respectively. However, there was a significant difference in the mean 

percentage of TNF-α-induced apoptotic CD34+-derived EPCs in early and late apoptosis by 

vitamin E treatment (p value= 0.008) which was higher in early as compared to late 

apoptosis. There was a significant difference in the mean percentage of TNF-α-induced 

apoptotic CD34+-derived EPCs by vitamin E treatment (p value < 0.001) when analyzed for 

a statistical interactive effect on early and late apoptotic phases and vitamin E concentration.  

 

Conclusion: The study showed a positive role of vitamin E supplementation in improving 

blood hemoglobin levels in apparently healthy mildly anemic Pakistani adults. The study also 

showed that one of the possible mechanisms of action of vitamin E appears to be through 

inhibition of apoptosis of the CD34+-derived EPCs. 
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CHAPTER 1: 

ROLE OF VITAMIN E SUPPLEMENTATION IN IMPROVING BLOOD 

HEMOGLOBIN LEVELS IN APPARENTLY HEALTHY MILDLY ANEMIC 

PAKISTANI ADULTS 

 

1.1.0 Introduction  

1.1.1.0 Definition and prevalence of anemia 

Anemia is a common and widespread public health concern affecting 

approximately more than two billion people worldwide, especially in the 

underdeveloped and developing countries of South East Asia and Africa (Balarajan et 

al., 2011; Stevens et al., 2013). Anemia is defined as a condition in which the oxygen 

carrying capacity of blood to the tissues is reduced due to a quantitative or qualitative 

decrease in blood haemoglobin concentration and/ or red blood cell count and/ or 

hematocrit levels below the accepted lower level of the normal range in the specific 

age group and gender. Anemia itself is not a disease but is usually a clinical 

presentation of an underlying illness and a systemic pathophysiological mechanism. 

Diagnosis of anemia is based on history, physical examination, routine hematological 

and biochemical tests, and morphology of erythrocytes on the peripheral blood film of 

the affected individual.  

The clinical features of anemia may vary in each affected individual 

depending upon the cause of anemia, its duration from onset and severity (Broadway-

Duren & Klaassen, 2013). Anemia is often multifactorial in the general population 

worldwide. Its major causes include: nutritional deficiencies, severe, acute or chronic 

blood loss, genetic or acquired disorders affecting erythrocyte production (bone 

marrow failure and/ or aplasia), excessive premature hemolysis of erythrocytes, 
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chronic diseases (infections, inflammation, renal failure and cancer), parasitic 

infestations or an undetermined (unidentified, unexplained) cause (Northrop-Clewes 

& Thurnham, 2013).  

The prevalence of anemia is very high both in rural and urban populations of 

Pakistan, especially nutritional anemia (due to prolonged and/ or untreated 

micronutrient deficiencies of iron, vitamin B12, folic acid and proteins), anemia due to 

inherited hemoglobinopathies (including thalassemia, sickle cell anemia, hereditary 

spherocytosis and G6PD deficiency), acute or chronic blood loss anemia in young 

children, women of reproductive age and the elderly people (Ahmed et al., 2014; 

Akhtar et al., 2013; Haq & Asif, 2014; Iqbal et al., 2009; Nazir et al., 2011; Rizwan et 

al., 2010; Shahab et al., 2015). 

 

1.1.1.1 WHO reference criteria for anemia 

Estimation of hemoglobin concentration in blood is the most common 

indicator of anemia at the community level, because it is easy to measure by routine 

hematological testing methods. Hemoglobin testing is relatively inexpensive and is 

usually a reliable parameter for screening purposes. As per WHO reference criteria, 

an adult individual is labeled as anemic, if the blood hemoglobin concentration 

decreases less than 13.0 g/dl in men or falls below 12.0 g/dl in non-pregnant women 

or less than 11.0 g/dl in pregnant women (Beutler & Waalen, 2006; World Health 

Organization, 2011).  

However, reference values for complete blood counts (CBCs) may vary in 

healthy individuals depending on their age, gender, ethnic background, geographical 

location, socioeconomic and environmental factors, physiological status, dietary 
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habits and nutritional status of the study population (Gebremaeiam & Zelelow, 2015; 

Patel et al., 2007; Pratima et al., 2012; Sairam et al., 2014; Sullivan et al., 2008). 

Anemia can be pathologically classified on the basis of its underlying etiology 

and mechanism and/ or according to the morphology of circulating red blood cells and 

red blood cell indices. Anemia is graded clinically as mild, moderate and severe 

depending upon its severity. Some of the previous studies suggested that an adult 

human may be labeled as suffering from mild anemia when the blood hemoglobin 

levels are between 10.0-11.9 g/dl in non-pregnant females and between 11.0 to 12.9 

g/dl in males (Adamu et al., 2017; Riva et al., 2009).  

 

1.1.1.2 Prevalence and health outcomes of mild anemia in apparently healthy 

growing children, adolescent and elderly people 

Apparently healthy human subjects are those individuals who show absence of 

any disease or disorders based on the clinical signs and symptoms assessed by routine 

laboratory methods and physical evaluation by an attending physician. Blood 

hemoglobin concentration slightly below the lower limit of normal range is a common 

laboratory finding in apparently healthy people in the general population of Asia 

(Baig et al., 2008; Bulliyy et al., 2007; Kusumi et al., 2006). Mild anemia in 

apparently healthy people without known background of disease and/or co-

morbidities may be discovered on routine health screening programmes as a chance 

finding and is often ignored due to its less obvious and non-specific clinical features 

as compared to moderate or severe anemia. Thus, unexplained mild anemia is usually 

a diagnosis of exclusion when other causes have been ruled out (Motta & Cappellini, 

2015). 
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Most of these mildly anemic individuals are not investigated thoroughly by the 

attending physicians to make the confirmative diagnoses of the probable causes of 

anemia and thus they may end up with serious health problems. Moreover, many such 

individuals consult family physicians and/or general practitioners for improvement of 

their erythropoietic status even though no abnormality has been clinically detected in 

them (Jilani et al., 2008). Mild anemia in these apparently healthy people is usually 

asymptomatic, but during periods of increased physical activity/exercise, it may 

manifest in the form of unexplained fatigue, generalized weakness, headache, 

breathlessness on exertion and decreased physical strength (Kitai et al., 2012).  

Prevalence of mild anemia, especially due to dietary nutritional deficiencies, is 

high in apparently healthy young children, adolescent men and women, women of 

reproductive age and the elderly population in the developing countries of South Asia. 

Millions of relatively healthy young children in many parts of Asia have undiagnosed 

mild-grade anemia and therefore they remain without receiving any specific treatment 

(Wah et al., 2017). Untreated persistent mild anemia had been seen to retard the 

physical and mental growth and may have damaging results on the cognitive 

development, attention span and alertness in infants and growing children (Junaid et 

al., 2006; Kim et al., 2011; McGregor & Ani, 2011; Yurdakok et al., 2008). 

Moreover, physiological cardiovascular adaptive responses to acute physical exercise 

have been shown to be compromised in South-East Asian children suffering from 

mild anemia due to various nutritional deficiencies as compared to non-anemic 

chidren (Mani et al., 2005).  

Mild to moderate anemia comprises a majority of disease burden due to 

various macro-and micronutrient deficiencies among apparently healthy adolescent 

teenagers in Asia (Fatima et al., 2014; Hanan et al., 2010; Mazhar, 2015; Nazir et al., 
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2011). Mild anemia is highly prevalent in apparently healthy unmarried young 

females and school going children of low to middle class Pakistani population (Gupta 

et al., 2011).  

Some of the previous studies have indicated that mild anemia in apparently 

healthy non-pregnant adolescent women is often associated with retarded growth, 

declining school performance, reduced physical and cardio-respiratory fitness and 

future reproductive health (Basu et al., 2005; Bhardwaj et al., 2013; Kalasuramath et 

al., 2015; Kamruzzaman et al., 2015).  

The prevalence of anemia, especially with undetermined etiology has been 

shown to be associated with normal aging process (Artz & Thirman, 2011; Berliner, 

2013; Ning et al., 2016). Many of the earlier studies conducted on anemia in 

apparently healthy elderly population have indicated that regardless of the cause of 

anemia in these subjects, the severity of anemia is usually mild (Tettamanti et al., 

2010). Mild to moderate anemia had been suggested to produce several adverse 

consequences on the health status of the elderly population. Mild anemia in otherwise 

healthy elderly people is shown to be linked with generalized weakness, diminished 

muscle strength, limited mobility, significantly decreased physical performance, 

impaired higher cortical cognitive functions and altered quality of life (Chaves et al., 

2005; Chaves et al., 2002; Lucca et al., 2008; Pennix et al., 2004). Mild-grade anemia 

has also been reported as a risk factor for worsening of existing dementia and 

increased falls and fractures in the elderly population (Atti et al., 2006; Dharmarajan 

and Norkus, 2004).   
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1.1.2.0 Role of reactive oxygen species (ROS) and antioxidants in regulation of 

erythropoiesis and the prevention and/ or treatment of anemia 

Any disturbance in the balance between the oxidants (peroxyl, superoxide and 

hydrogen peroxide radicals) and antioxidants (Ubiquinols/ reduced Co-enzyme Q, 

vitamin E, vitamin C, flavanoids, carotenoids, superoxide dismutase, catalase, 

glutathione peroxidase and reduced glutathione) can result in increased cellular 

oxidative stress. Some of the previous studies suggested that oxidative stress and its 

resulting excessive production of reactive oxygen species (ROS)/ free radicals play an 

important role in regulation of erythropoiesis and in the maintenance of erythroid 

homeostasis (Ghaffari, 2008).  

Human erythrocytes are one of the circulating cells that are most exposed to 

oxidative stress-mediated peroxidation damage by the ROS. Oxidative damage due to 

ROS in the erythroid cells often results in ineffective erythropoiesis and shortened 

survival of red blood cells (RBCs) by promoting premature hemolysis due to 

enhanced erythrocyte membrane fragility in the circulation (Erica et al., 2012; Fibach 

& Eliezer, 2008; Zwieten et al., 2014). Oxidative stress is, therefore, shown to be a 

cause for anemia.  

Moreover, some of the human studies carried out during the last two decades 

had pointed out toward the potential role of antioxidant vitamins in the management 

of anemia (Ahmed et al., 2003; Nirjala & Murth, 2014; Rodrigo et al., 2007).  

 

1.1.3.0 Vitamin E- an essentially required lipophilic antioxidant 

Vitamin E is one of the most widely consumed vitamin all over the world. 

Vitamin E was originally discovered by Herbert McLean Evans and Katharine Scott 

Bishop as an essential dietary nutrient required for normal animal fertility and 

https://en.wikipedia.org/wiki/Herbert_McLean_Evans
https://en.wikipedia.org/wiki/Katharine_Bishop
https://en.wikipedia.org/wiki/Katharine_Bishop


7 

 

reproduction (Evans & Bishop, 1922). The significance of vitamin E has been 

subsequently proven as a highly potent lipid-soluble antioxidant against the damaging 

ROS and reactive nitrogen species (Birben et al., 2012; Niki, 2015). These free 

radicals are normally produced inside the human body during various intracellular 

metabolic processes such as mitochondrial respiration, cyclooxygenase and 

lipoxygenase pathways and arachidonic acid metabolism (Sen et al., 2013).  

The main exogenous sources of free radicals are cigarette smoke, air pollutants 

and industrial wastes (Pisoschi & Pop, 2015).  The unpaired electrons of free radicals 

are highly reactive with the cell membrane lipids, cellular proteins, carbohydrates and 

nucleoproteins and can cause oxidative damage (Niki, 2014). Free radical-mediated 

lipid peroxidation of membrane polyunsaturated fatty acids (PUFAs, such as 

arachidonic, linoleic and linolenic acids) and phospholipids (such as 

phosphatidylserine) result in the formation of end-products such as lipid 

hydroperoxides, malondialdehyde and 4-hydroxynonenal. These lipid peroxidation 

end-products can degrade the cellular membranes by membrane pore formation, 

altering water permeability, decreasing cell deformability and complement activation 

(Muller et al., 2010).  

 

1.1.3.1 Structure and forms of vitamin E 

The term vitamin E refers to a family of eight naturally occurring isomeric 

forms that possess a similar chemical structure comprising of a 6-chroman 

(tocochromanol) aromatic ring with an alcoholic hydroxyl group and a 16-carbon long 

isoprenoid (aliphatic) side chain attached at the 2 position of the chromanol ring 

(Figure given on the next page).  
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Figure: Structure of vitamin E  

Vitamin E has a very strong affinity for lipid hydoperoxide radicals. The 

transfer of a hydrogen atom from the phenolic group on the chromanol ring of vitamin 

E to the lipid peroxide radical results in a stable lipid hydroperoxide and a tocopherol 

radical. The resulting tocopherol radical is inert and therefore, interrupts the lipid 

peroxidation chain due to reaction initiated by ROS very effectively.  

Thus, the most well-established function of vitamin E is to terminate a free 

radical-propagated chain of lipid peroxidation reaction in the cellular membranes. 

This tocopherol radical, which is anchored in the cell membrane, is reconverted to 

vitamin E by vitamin C inside the cytosol. Finally, vitamin C-radical is reduced via 

other redox systems. In this way, vitamin E plays a significant role in protecting the 

integrity, stability and repair of cellular membranes (Ahsan et al., 2014; Gee, 2011).    

 

Forms of vitamin E 

The isomeric forms of vitamin E include: 

Naturally-occurring vitamin E forms: which are subclassified as:  

Tocopherols/ tocols (all-RRR-d-) 

These are mostly obtained from plants. All of the tocopherols (ɑ, ß, ɤ and δ) 

possess a saturated phytyl isoprenoid side chain with RRR (d-) configuration. Alpha 

(ɑ)-tocopherol form contains three methyl groups, the beta (ß) & gamma (γ) forms have 
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two methyl groups, while the delta (δ) form has only one methyl group (Figure given 

below).  

 

Figure: Structure of α-Tocopherol 

 

Tocotrienols (ɑ, ß, ɤ and δ) 

Tocotrienols possess unsaturated farnesyl isoprenoid side chain with three 

additional double bonds at the 3', 7', and 11' positions of the side chain, all of which 

adjoin a methyl group (Figure given below).  

                       

Figure: Structure of Tocotrienols 

 

Tocotrienols in comparison to α-tocopherol have much stronger ability to 

neutralize the reactive oxygen and nitrogen species due to their: 

a. unsaturated isoprenoid side chain, which makes them more lipophilic. The 

tocotrienols have more efficient penetration into the body tissues which contain 

saturated fatty layers (such as brain and liver) (Yu et al., 2009) 

CH3 

CH3 CH3 
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b. better distribution in cell membrane lipid bilayer and thus more powerful 

inhibition of membrane lipid peroxidation 

c. greater recycling efficiency from its chromanoxyl radicals (Blatt et al., 2004) 

 

Synthetic (all-racemic, all-rac-dl-) vitamin E forms  

Synthetic ɑ-tocopherol, which is often found in fortified foods and nutritional 

supplements, is racemic mixture of all eight natural vitamin E stereoisomers (RRR, 

RSR, RRS, RSS, SRR, SSR, SRS, SSS) in equal proportions with different potency. 

One α-tocopherol molecule in eight molecules is in the form of RRR-α-tocopherol in 

the synthetic vitamin E form. Thus, only one isomer of α-tocopherol (approximately 

12% of the total) in the synthetic vitamin E molecule is identical to natural vitamin E, 

while the remaining seven vitamin E isomers in the synthetic vitamin E form range in 

potency from 21% to 90% of natural dl-α-tocopherol. Fully synthetic forms of vitamin 

E are usually produced from petrochemicals by the reaction of isophytpol with 

trimethylhydoquinone. The relative potency of all-rac and RRR-α-tocopherols varies 

from person to person in humans because their relative concentrations differ between 

tissues and may also vary with amount of each dose, duration of dosing, rate and 

mechanism of tissue distribution and elimination from the body. The synthetic vitamin 

E form is less active and less potent than the natural vitamin E forms due to relatively 

decreased vitamin E activity of its SRR, SRS, SSR and SSS isomers. Because half of 

the isomers of α-tocopherol present in the synthetic vitamin E form are not usable by 

the body, so the synthetic form of vitamin E is less bioavailable as compared to the 

natural α-tocopherol (Bregelius-Flohe, 2009; Engin, 2009; Singh et al., 2013; Yanamala 

et al., 2014; Zhao et al., 2014).  
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Esterified forms of vitamin E  

The most common forms of vitamin E used in nutritional supplements and in 

fortified food additives are acetate (all-rac-ɑ-tocopheryl acetate) and succinate (all-rac-

ɑ-tocopheryl succinate). The esterified forms of vitamin E are produced by replacing 

the phenolic hydroxyl group on the chromanol ring of α-tocopherol with acetate or 

succinate, respectively. Esterified α-tocopheryl forms of vitamin E are water-soluble, 

longer half-life, lesser acidic and more stable during storage and less expensive than 

unesterified tocopherols (Lauridsen et al., 2002). As compared to the natural α-

tocopherol form of vitamin E, the esterified vitamin E forms had been shown in animal 

models and in vitro experiments to possess more significant:  

i. radioprotective property in GIT tissues 

ii. peroxidase activity of cytochrome c, which increases its anticancer potential 

(Borel et al., 2013).  

          The natural esterified vitamin E forms are available as d-α-tocopherol/ d-α- 

tocopheryl acetate or succinate, while the synthetic esterified vitamin E forms are 

labelled as all-rac/ dl-ɑ-tocopheryl acetate or succinate. All-rac-ɑ-tocopheryl acetate is 

commonly used in dermatological cosmetic products, where it is not oxidized and so 

can easily penetrate through the external layers of skin into the underlying subcutaneous 

tissues to provide effective protection against ultraviolet rays.  

               Neither the acetate nor succinate esterified forms of alpha tocopherol ever 

reach inside the human cells when taken orally because they are both de-esterified to 

ɑ-tocopherol by the esterase enzyme in the intestine before being absorbed (Wu et al., 

2006). During metabolization of esterified forms of vitamin E in the gastrointestinal 

tract, tocopheryl ester is hydrolyzed primarily in duodenum by bile-salt dependent 

pancreatic carboxyl ester lipase, liberating the active free α-tocopherol that is then 
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normally absorbed. The bioavailability of α-tocopherol from all-rac/ dl-ɑ-tocopheryl 

acetate and all-rac/ dl-ɑ-tocopheryl succinate is equivalent to that of free α-tocopherol.  

Moreover, international units (IU) for α-tocopherol esters are adjusted for 

molecular weight and the conversion factors for determining the amount of bioavailable 

α-tocopherol provided by all-rac/ dl-ɑ-tocopheryl acetate and all-rac/ dl-ɑ-tocopheryl 

succinate are not different from those used for α-tocopherol.   

A number of studies carried out earlier had shown beneficial effects of dl-α-

tocopheryl form of vitamin E in a dose of 400 mg/day on boosting immune responses 

in healthy human subjects (Colombo, 2010; Park et al., 2003; Shahidi & Camargo, 

2016). These studies had also indicated that vitamin E isoforms are normally not 

interconvertible inside the human body (Christopher, 2007).  

 

1.1.3.2 Dietary sources of vitamin E  

All eight natural forms of vitamin E occur in a variety of foods in varying 

amounts, especially in vegetable seeds and their oils. Their respective main dietary 

sources include:  

For Tocopherols: almonds, peanuts, hazelnuts, walnuts, chestnut seeds, pecans, 

pistachios, olive oil, seeds and oils of sunflower, corn, soybean, canola, cottonseed, 

sesame seed, flaxseed, rapseed and safflower, wheat germ oil, asparagus, avocados, 

fish, eggs, margarine, spinach, turnip, broccoli, beet greens, pumpkin, lettuce, carrot, 

cucumber, sweet potato, kiwi fruit, mangoes, papayas, raspberries and lychees.  

For Tocotrienols: palm oil, rice bran oil, coconut oil, canola oil, olive oil, grape fruit 

seed oil, wheat germ, rice bran, barley, oats, rhye and berry (Ju et al., 2010; Rizvi et al., 

2014). 

1.1.3.3 Metabolism and storage of dietary and supplemented vitamin E in humans  



13 

 

Dietary or supplemented vitamin E is absorbed in human intestine together with 

lipids in the presence of bile salts after hydrolysis by gastric lipases or esterases. After 

intestinal absorption, vitamin E is packaged into chylomicrons and is transported 

rapidly to liver through lymphatic system, from where it is released from the 

chylomicrons by lipoprotein lipase on the surface of endothelial cells. Vitamin E is then 

incorporated in very low density lipoproteins (VLDL) and released back into the blood 

circulation (Gee, 2011). 

The uptake of vitamin E into the target cells, including muscle, bone, adipose 

tissue, skin and brain cells occur either through release by ‘endothelium-based 

lipoprotein lipase’ or via ‘receptor-mediated LDL endocytosis’. Preferential binding 

and incorporation into VLDL of α-tocopherol take place through the hepatic tocopherol 

transfer protein (ɑ-TTP) and ATP-binding cassette transporter A1 (ABCT1). Cellular 

accumulation of ɑ-tocopherol occurs at sites where free radical production is greatest, 

such as mitochondrial membranes and cardiac and pulmonary endoplasmic reticulum 

(Lemaire-Ewing et al., 2010).  

Among all the natural isomeric forms of vitamin E, human liver preferentially 

transfers and retains ɑ-tocopherol by α-tocopherol transfer protein (α-TTP) and 

tocopherol associated protein (TAP) into plasma high density lipoprotein (HDL) and 

low density lipoprotein (LDL), forming a complex which protects them from 

peroxidation by free radicals. ɑ-TTP has been shown to have lower affinity for all other 

isomeric forms of vitamin E as compared to α-tocopherol. This causes α-tocopherol to 

be the most abundant form of vitamin E in the blood circulation (Bregelius-Flohe, 2009; 

Singh et al., 2013).  

Studies in the past had shown that tocotrienols are not well-absorbed by the 

liver. However, tocotrienols had been suggested to be similarly absorbed as tocopherols 
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with dietary fat and are secreted into chylomicrons. It has been mentioned above that 

synthetic forms of tocopherols are less bioavailable as compared to natural tocopherols 

(Bregelius-Flohe, 2009; Engin, 2009; Singh et al., 2013; Yanamala et al., 2014; Zhao 

et al., 2014). The forms of vitamin E other than α-tocopherol are catabolized very 

rapidly in liver into tocopheryl quinone and hydroquinone forms mainly through P-450 

dependent system and then excreted through bile in feces and thus not retained in a 

significant quantity inside the human body (Borel et al., 2013).  

It had been suggested that unbound ɑ-tocopherol is metabolized by P-450 

(CYP4F2)-initiated ω hydroxylation followed by β-oxidation of its phytyl-like side 

chain into carboxychromanol, hydroxyl-carboxychromanol and carboxyethyl-

hydroxychromanol, which then are excreted in the urine (Jiang, 2014; Kono & Arai, 

2015). The excess vitamin E is stored in the adipose tissue, muscle, liver and adrenal 

gland, preferentially as RRR-tocopherol (Peter et al., 2013; Traber & Stevens, 2011). It 

had been shown by a number of past studies that as compared to all other natural 

isomeric forms of vitamin E, ɑ-tocopherol had: 

i. lower rate of metabolism  

ii. maximum biologically activity and bioavailability  

iii. highest relative reactivity toward oxygen radicals (Yanamala et al., 2014) 

iv. predominant form to be accumulated in human tissues (Traber & Stevens, 

2011). 

 

Previous studies had suggested that the human plasma half-life of tocotrienols 

is much shorter (02-04 hours) as compared to α-tocopherol (56-58 hours) and thus have 

limited bioavailability than α-tocopherol (Traber & Stevens, 2011).  
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1.1.3.4 Recommended dietary allowance (RDA) and tolerable upper intake levels 

of Vitamin E 

The RDA for adult humans of RRR (d-ɑ)-tocopherol is suggested to be 15 

mg/day (Peter et al., 2016). According to the guidelines provided by the Institute of 

Medicine, Washington DC, USA, healthy individuals should not be using more than 

1000 mg vitamin E supplements per day, which is the upper limit of safety regarding 

the use of this vitamin in apparently healthy adult humans (Argyriou et al., 2006; 

Meydani et al., 1998; Traber, 2014; Westergen & Kalikstad, 2010).  

 

1.1.3.5 Human vitamin E deficiency 

Prevalence of human vitamin E deficiency is relatively low and is often 

associated with chronic gastrointestinal tract fat malabsorption syndromes, genetic 

abnormalities in the α-tocopherol transfer protein (ɑ-TTP) and with prematurity in low 

birth weight infants (Dror & Allen, 2011; Peter et al., 2013;). It had been suggested that 

severe or chronic vitamin E deficiency (with adult human plasma ɑ-tocopherol levels 

of < 12 µmol/L) may lead to diminished erythrocyte life span due to increased RBC 

membrane fragility as a result of enhanced susceptibility to free-radical-induced 

hemolysis, peripheral neurodegenerative diseases (e.g. spinocerebellar ataxia), motor 

neuronal degeneration (e.g. skeletal myopathy) and increased risk of infections due to 

impairment of the immune response, especially in the elderly people (Cavalier et al., 

1998; Jafari et al., 2013; Mebazza & Souissi, 2001; Radhakrihnan et al., 2013; Shah et 

al., 2015).  

A detailed literature search revealed that with the exception of a few studies, no 

large scale clinical trial had been reported from South-East Asia regarding the ranges 

for normal plasma vitamin E levels and/ or adequacy or deficiency/ or insufficiency 

https://en.wikipedia.org/wiki/Tolerable_upper_intake_levels
https://en.wikipedia.org/wiki/Tolerable_upper_intake_levels
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status of vitamin E in the apparently healthy normal adult human population (Dutta & 

Dutta, 2003; Niki & Traber, 2012). 

 

1.1.3.6 Use of vitamin E in prevention and treatment of various diseases due to its 

non-antioxidant functions 

During the last two decades, the role of vitamin E in various diseases and life 

processes has been intensely studied. Some of the recent studies suggest that vitamin E 

has other functions that are independent of its cellular membrane stabilizing and free 

radical scavenging capability as antioxidant (Curtis et al., 2014; Jiang, 2014). Vitamin 

E had been proposed to perform its non-antioxidant functions by modulating:                                                                                                                                                      

a. Apoptotic regulators: Bcl-2, Caspase 3  

b. Kinases: c-Src, ERK, MAPK, P13-K and phosphokinase C 

c. Enzyme activities of: alkaline phosphatase, catalase, superoxide dismutase, 

glutathione peroxidase, GTPase, 3-hydroxy-3-methylglutaryl coenzyme A 

(HMG-CoA)-reductase, phospholipase A2, protein kinase C, cyclooxygenase-

2, 5-lipoxygenase, 12-lipoxygenase, tyrosine kinase, protein phosphatase 2A 

and diacylglycerol kinase (Banks et al., 2010; Cook-Mills, 2013; Jiang et al., 

2011). Some of these studies had reported that the activities of enzymes such as 

phospholipase A2, protein kinase C, cyclooxygenase-2 (COX-2), 5-

lipoxygenase (5-LOX) and tyrosine kinase are significantly decreased, while 

that of protein phosphatase 2A and diacylglycerol kinase are increased in the 

presence of vitamin E (Huey et al., 2008; Jiang et al., 2008; Sen et al., 2007; 

Upadhyay & Misra, 2009; Zou et al., 2007).  

d. Inflammatory cytokines (IL-1β, IL-4, IL-5, IL-6, IL-13, TNF-α, TGF-β and          

G-CSF) 
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e. Signaling pathways: NF-κB and STAT6 

f. Immune responses in human tissues (Cardenas & Ghosh, 2013; Meydani et al., 

2004; Peh et al., 2016)  

g. Smooth muscle cell proliferation (Peh et al., 2016).  

 

Several studies had proposed more powerful role of tocotrienols as compared to that of 

α-tocopherol in:  

a. inhibition of HMG-CoA reductase to lower the blood cholesterol levels 

b. attenuation of inflammation by down regulating NF-κB, STAT6, COX-2 and            

LOX-5 

c. providing radioprotection against radiation damage 

d. inhibiting the platelet aggregation and lowering the progression of 

atherosclerosis 

e. reducing monocyte adhesion and cellular proliferation (Ju et al., 2010; Park et 

al., 2010). 

During the last three decades, many large scale interventional clinical trials have 

been carried out to find out the effect of vitamin E supplementation in the prevention 

and/ or delaying of many of the chronic degenerative disorders associated with 

oxidative stress-induced ROS, such as cancer, ischemic and thrombotic cardiovascular 

diseases, neurodegenerative (ischemic stroke, Alzheimer’s disease, Parkinson’s 

disease) diseases, bone diseases, diabetes mellitus and cataract (Baliarsingh et al., 2005; 

Brewer, 2010; Bregelius-Flohe & Galli, 2010; Chatzidimitriou & Kirmizis, 2009; Fujita 

et al., 2012; Jacques et al., 2005; Muller, 2010; Schurks et al., 2010; Ye et al., 2013). 

However, the results of most of these clinical trials have been inconclusive and thus, 
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the fully proven role of vitamin E in the prevention of some of these diseases still needs 

to be further investigated in detail (Wood et al., 2003).  

 

1.1.3.7 Possible role of vitamin E in prevention and/ or treatment of anemia as 

suggested by previous animal and human studies 

Vitamin E is the major antioxidant in the cell membrane of human erythrocytes 

(Marar, 2011; Sun et al., 2012). Some of the previous animal and human studies 

suggested that vitamin E might be helpful in the prevention of lipid peroxidation of 

PUFAs and phospholipids in the erythrocyte cell membrane by improving erythrocyte 

membrane fluidity and reducing premature erythrocyte lysis. In this manner, vitamin E 

helps in maintaining red cell membrane integrity and stability (Constantinescu et al., 

1993).  

              It had also been suggested that human vitamin E deficiency might be 

associated with anemia due to increased oxidative stress-induced erythrocyte lysis 

secondary to enhanced red blood cell fragility (Chou et al., 1978; Drake & Fitch, 1980; 

Jacob & Lux, 1968; Oski & Barness, 1968).  

Vitamin E is also considered to be an essential erythropoietic factor for certain 

species of animals (Cherdyntseva et al., 2005; George & Adegoke, 2012; Melhorn et 

al., 1971). Animal studies have shown that treatment with vitamin E increased the 

number of colony forming units of erythroid progenitors (CFU-E), enhanced 

erythropoiesis and blood hemoglobin levels leading to correction of experimentally-

induced anemia in some of these animals (Ausman & Hayes, 1974; Bartholomew et al., 

1998; Fitch et al., 1980; Gogu et al., 1991).  

 

Clinical trials of vitamin E in patients suffering from inherited hemolytic anemias 
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The red blood cells of patients suffering from sickle cell anemia, thalassemia 

and glucose-6-phosphate dehydrogenase deficiency are predisposed to increased risk 

of chronic oxidative stress-induced premature hemolysis (Chaves et al., 2008; 

Dissayabtra et al., 2005; Hamdy et al., 2015). Deficiency of vitamin E is a common 

feature in some of these hereditary hemolytic anemias, including sickle cell anemia, 

thalassemia and anemia due to Glucose 6 phosphate dehydrogenase (G6PD) deficiency 

(Corash et al., 1980; Hasanato, 2006; Ren et al., 2008).  

Sickle cell anemia is an inherited disease of hemoglobin synthesis due to 

mutation in the β globin molecule in the sickle cells and is characterized by an abnormal 

membrane phospholipid organization induced by sickling. The peroxidative damage of 

sickled erythrocytes may result in their shortened life span.  

Supplementation with α-tocopherol in patients suffering from sickle cell anemia 

had been shown to significantly reduce the red blood cell deformity, enhanced 

resistance of erythrocytes to premature hemolysis and increased blood hemoglobin 

level (Jaja et al., 2005).  

Thalassemia is the most common genetic disorder worldwide related to the 

synthesis of globin chains of blood hemoglobin. The imbalance of α and β globin chains 

in red blood cells is the primary cause of anemia in thalassemic patients. The resulting 

relative excess of α or β globin chain causes damage to membrane of developing 

erythroblasts and circulating erythrocytes in these patients. Moreover, the patients of 

thalassemia, especially who had a history of multiple blood transfusions, are at a risk 

of iron overload and enhanced oxidative stress, which may further decrease the 

erythrocyte life span (Athanassios et al., 2007; Chiou et al., 2006; Sutipornpalangkul et 

al., 2012). Some of the clinical trials had indicated that supplementation with vitamin 
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E in patients suffering from beta-thalassemia resulted in significantly decreased RBC 

lysis and enhanced post-supplemental blood hemoglobin levels (Das et al., 2004).  

Glucose 6 phosphate dehydrogenase (G6PD) is one of the rate limiting enzyme 

in hexose monophosphate pathway, which generates reduced nicotinamide adenine 

dinucleotide phosphate (NADPH) in the circulating erythrocytes. NADPH maintains 

glutathione in the reduced state when erythrocytes are in excessive oxidative stress.  

It has been shown that patients with G6PD deficiency had significantly 

increased osmotic fragility of erythrocytes compared to healthy controls (Eldamhougy 

et al., 1988). Vitamin E therapy given to G6PD deficiency patients has significantly 

decreased the erythrocyte osmotic fragility and enhanced the blood hemoglobin levels 

along with decreased reticulocytosis (Sultana et al., 2009). 

 

Vitamin E in the treatment of anemia in chronic renal failure patients 

Patients suffering from chronic renal failure usually suffer from bone marrow 

suppression, ineffective erythropoiesis, shortened erythrocyte survival, anemia due to 

severely reduced erythropoietin production by kidneys and uremia (Usberti et al., 2002; 

Zwolinska et al., 2009). Some of the studies had emphasized the role of ROS and/ or 

decreased activity of antioxidant systems in chronic renal failure patients, especially 

those on dialysis (Cruz et al., 2008; Roozbeh et al., 2011). Consequently, beneficial 

effects of both oral vitamin E supplementation and vitamin E-coated dialyzers were 

found in reducing the hemodialysis-mediated oxidative stress, resulting into increased 

blood hemoglobin levels in chronic renal failure patients (El-Azab et al., 2007; Rusu et 

al., 2013). It had been shown that a combination of recombinant human erythropoietin 

(rhEPO) and vitamin E therapy in chronic renal failure patients significantly decreased 
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erythrocyte fragility and increased the post-supplemental hemoglobin levels in these 

patients (Mydlik et al., 2006). 

 

Results of vitamin E supplementation in the treatment of anemia in some of the 

premature low birth weight infants 

An earlier study showed that malnourished Pakistani children had lower than 

normal plasma vitamin E levels, which may lead to increased oxidative stress-mediated 

decomposition of erythrocyte membrane PUFA (Arnon et al., 2009; Smit et al., 1997). 

It has been known that premature low birth weight infants are at a high risk of enhanced 

red blood cell hemolysis by free radicals (Strauss, 2010).  

Treatment of these premature infants with vitamin E had been shown to 

decrease the severity of red cell hemolysis, thus, correcting the relative deficiency of 

hemoglobin in these infants (Brion et al., 2003).  

It had been observed that when iron supplementation was given along with dl-

ɑ-tocopherol to premature neonates, it caused a significant increase in post-

supplemental blood hemoglobin levels along with a decrease in reticulocyte count in 

comparison to the their respective basal levels (Arnon et. al, 2009). 

 

1.1.3.8 Association of serum vitamin E levels with blood hemoglobin concentration 

in healthy humans  

Although clinical benefits of vitamin E in decreasing premature erythrocyte 

lysis and increasing blood hemoglobin levels in some of the disease states had been 

published, yet its therapeutic effect on a presumably healthy adult population with no 

abnormality other than mild anemia had hardly been reported.  
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In a study conducted on Bangladeshi healthy pregnant women, a positive 

association of plasma α-tocopherol levels with hemoglobin concentration was found 

(Shamim et al., 2013). A preliminary study conducted by our group showed a positive 

association between vitamin E supplementation and enhanced blood hemoglobin levels 

in apparently healthy mildly anemic Pakistani adults (Jilani et al., 2008). 

 

1.2.0 Hypothesis and research question  

On the basis of above mentioned reports and observations, we hypothesized that 

“Vitamin E supplementation given for three months to apparently healthy mildly 

anemic adults (with no past history of any vitamin or iron supplements) would result in 

improved erythrocytic status in these subjects, which may be reflected by an increase 

in the post-supplemental blood hemoglobin levels as compared to their respective basal 

levels”.                                                                         

This hypothesis has led to the development of the following research question:                                                               

‘Does vitamin E function as an erythrocytic-stimulating factor in apparently healthy 

mildly anemic adults?’  

 

 

 

1.3.0 Objectives of the first part of the present study were: 

a. To test the effect of vitamin E supplementation on blood hemoglobin and serum 

erythropoietin levels in apparently healthy mildly anemic adults 

b. To investigate whether or not the response to vitamin E supplementation was 

modulated by serum folic acid, vitamin B12, total antioxidant and body iron 

status of these mildly anemic but otherwise healthy individuals. 
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1.4.0 Subjects  

1.4.1.1 Ethical clearance 

The study had been approved by the Ethics Review Committee of the Aga Khan 

University, Karachi, Pakistan [Ref# 1009-BBS/ERC-08] and prior written informed 

consent (copy of consent form attached) was obtained from all the participants included 

in this study. 

 

1.4.1.2 Study grant and trial registration in clinical trial registry 

The study had been supported by a grant from University Research Council 

from the Aga Khan University, Karachi, Pakistan (Reference code# 70206). The 

funders had no role in study design, data collection and analysis. The study had been 

registered with Clinical Trials.gov (Identifier # NCT02181348).   

 

1.4.1.3 Important changes to method after the start of present clinical trial 

At the start of the trial, WHO criteria for mild anemia (Hemoglobin: 11.0-12.9 

g/dl in males and 10.0-11.9 g/dl in non-pregnant females) was taken into consideration 

(WHO, 2011). However, we were informed that Aga Khan University Hospital 

(AKUH) had adopted the following criteria for mild anemia for Pakistani adult 

population (Hemoglobin: 10.0-13.9 g/dl for males and 8.4-11.2 g/dl for non-pregnant 

females), based on feedback from a number of hematologists within the country. The 

above-mentioned criteria were, therefore, used after a couple of months of recruitment 

for screening apparently healthy adults for mild anemia for our present study. During 

the initial period of two months, only 04 subjects were found to be mildly anemic as 

per the WHO criteria, however, they were not subjected to intervention- as yet. They 
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were included in the trial for intervention along with others who had been identified 

and recruited as mildly anemic following the AKUH criteria. 

 

1.4.1.4  Study participant’s:                                                                                                                                  

Inclusion criteria 

All subjects included in the present study: 

 were 18 to 45 years old, apparently healthy, mildly anemic (on the basis of screening) 

Pakistani adult volunteer males and non-pregnant females who gave written informed 

consent 

 were normolipidemic and normotensive 

 Had no known history of:  

- iron, folate, vitamin B12, vitamin E or any other micronutrient deficiency 

- gastrointestinal disorder including malabsorption, diabetes, hyperlipidemia, 

obesity, cardiovascular disease, sexually transmitted disease or any major illness 

due to respiratory, urogenital, hepatic, musculoskeletal, endocrine or psychiatric 

problems or any other chronic disease during the last five years 

- severe acute or chronic blood loss during the last six months 

- regular cigarette/or beedi smoking, betel nut, gutka, tobacco or niswar chewing/or 

niswar  sniffing or alcohol intake during the last five years 

- consumption of vitamin E, vitamin B12, folate, iron, antioxidants or any other 

health supplements or any other drug for management of acute or chronic disease 

during the past six months  

 

Exclusion criteria 

The subjects were excluded from the present study, if they were:  
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- pregnant or lactating females 

- consuming any substance of abuse or engaged in regular cigarette smoking during 

the past 05 years 

- taking any antiplatelet agents, anticoagulants, aspirin, non-steroidal anti-

inflammatory medications, lipid-lowering agents, antibiotics, immunosuppressive 

or hepatotoxic drugs during the past 06 months 

- suffering from any congenital and traumatic major illnesses during the last five 

years 

- having any history of: 

i. bleeding or clotting abnormality, vitamin K deficiency during last 01 

year 

ii. blood transfusions in the last 01 year 

iii. recent local or systemic infection or injury during the last 06 months 

 

1.4.1.5 Recruitment, intervention and follow-up 

Date of recruitment of first cohort of 10 subjects for screening of mild anemia: 

November 4, 2008. Date of Intervention of first cohort of 06 mildly anemic subjects: 

November 6, 2008. Last date of follow-up of 06 mildly anemic subjects: February 6, 

2009. Date of recruitment of last 25 subjects for screening of mild anemia: July 6, 2011. 

Date of intervention of last cohort of 12 mildly subjects: August 8, 2011. Last date of 

follow-up of final cohort of 12 mildly anemic subjects: November 7, 2011. Personal 

data, relevant history and clinical examination of the selected subjects were recorded 

on a specially designed Proforma (copy attached). 

1.4.1.6 Sample size 
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A total of 117 mildly anemic healthy individuals (78 in the intervention and 39 

in the control groups) were required by assuming an increase of 20% in the mean 

hemoglobin levels after intervention and variability in the hemoglobin levels of 30% 

with 95% confidence level; 80% power; 30% loss to follow up and ratio of intervention 

and control groups of 2:1. A total of 357 healthy volunteers (235 males and 122 non-

pregnant females) were recruited and then screened for the identification of the required 

number of mild anemia subjects. After screening, 124 subjects (80 males and 44 

females) who were found to be mildly anemic and fulfilling the criteria were included 

in the intervention trial.  

 

1.4.1.7 Setting and locations 

As mentioned above, 357 healthy volunteers were recruited with written 

informed consent and enrolled through general practitioners’ (GP) clinics from various 

localities of Karachi and from the personnel of the Aga Khan University, Karachi, 

Pakistan. The participants represented in the larger population included the general 

population in Karachi visiting the general practitioners’ clinics and the staff employed 

at Aga Khan University, Karachi, Pakistan. The recruitment started in November 2008 

and the trial was completed in October 2011.  

The clinical examination of study subjects was carried out by the principal 

investigator (PI) who is a qualified general physician. The criteria to ensure that the 

participants were healthy have been described above. They were screened for the 

presence of mild anemia (Blood hemoglobin levels: 10.0-13.9 g/dl, in males and 8.4-

11.2 g/dl, in non-pregnant females) using the criteria adopted at the AKUH for the 

Pakistani population. 
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1.4.1.8 Type of study and trial design 

A single-blinded, placebo-controlled, quantitative, prospective, randomized 

allocation intervention trial was carried out on human volunteers to find out the effect 

of vitamin E supplementation on blood hemoglobin levels. The allocation ratio between 

the intervention and control arms was 2:1 

There were following two arms of this study: 

a. Intervention (vitamin E supplementation) 

b. Placebo (edible oil)  

 

1.4.1.9 Randomization, blinding and allocation concealment mechanism 

Simple randomization technique was used to allocate subjects in different 

groups. Envelopes containing capsules (vitamin E or placebo) were numbered 

according to randomization.  

Randomization was done with the help of a statistician, and vitamin E or 

placebo capsules were packed in envelopes with the help of a pharmacist and the list 

was provided to the Principal Investigator. The sealed envelopes containing capsules of 

vitamin E or placebo were provided to participants by Principal Investigator at the time 

of intervention.  

Participants were blinded and they did not know whether they received vitamin 

E capsules or placebo capsules. They were simply provided sealed envelopes. The 

placebo capsules were identical to vitamin E capsules in size, shape, color, appearance 

and taste. 

 

1.4.1.10 Interventions 



28 

 

After randomization, 82 subjects were placed in Intervention (Vitamin E) group 

and 42 in the Control (placebo) group.  

Intervention (Vitamin E) group: Each subject in the Intervention group was provided 

with 400 mg oral capsules of vitamin E (Evion, which contained dl-alpha tocopheryl 

acetate, manufactured by Merck (Pvt.) Ltd, Karachi, Pakistan) for a total of three 

consecutive months. The subjects were asked to take one capsule daily with breakfast 

for a total of three consecutive months. It had been suggested by various earlier studies 

that four months of supplementation with vitamin E up to 1000 mg/day had no adverse 

effect on healthy adults (Colombo, 2010; Shahidi & de Camargo, 2016). Thus, there 

was no obvious safety issue in terms of the vitamin E dose used in the present study. 

Control (placebo) group: Each subject in the control group was provided with placebo 

(edible oil) capsules (manufactured by Merck (Pvt.) Ltd, Karachi, Pakistan) to be taken 

once daily with breakfast for three consecutive months.  

The subjects were:  

i. advised to consume a low-fat, vitamin E-free diet for one month, so as to bring 

everyone to the same baseline and to avoid the influence of diet.  

ii. instructed to adhere to their normal eating habits 

iii. ensured by the PI through regular contacts that they did not take iron,                 

vitamin E or any other erythropoiesis stimulant during the study period. 

 

1.4.1.11 Primary outcome measures 

            The change in hemoglobin levels was determined before intervention (baseline) 

and after three months (end-line) of intervention (vitamin E or placebo) in all the 

participants in intervention (vitamin E) group and control (placebo) group, respectively. 
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Blood samples at these two time points (baseline and end-line) were analyzed for 

determination of various parameters as mentioned below.  

 

1.4.1.12 Compliance of the participants 

The compliance of the participants was monitored by counting the number of 

capsules consumed after every four weeks. 

 

1.5.0 Materials and methods 

1.5.1.0 Blood sampling and measurement of biomarkers 

              Ten ml of pre-supplemental fasting venous blood sample was collected from 

each of the participant in the intervention and in the control groups and another blood 

sample (10 ml) was obtained after 3 months of treatment. Blood hemoglobin, 

hematocrit and reticulocyte count levels were determined at the AKUH Clinical 

Laboratory, Karachi, Pakistan, using the automated hematology analyzer (Sysmex XE 

5000, Sysmex Asia Pacific PTE Ltd, Singapore) within 06 hours of sampling following 

the guidelines of International Council for Standardization in Hematology (ICSH) 

(Chanrin, 1989).  

Serum/plasma samples were kept frozen at -70oC for respective determination 

of vitamin B12, ferritin, folate, vitamin E, erythropoietin, serum transferrin receptor 

(sTfR), total cholesterol, triglycerides, LDL-cholesterol, HDL-cholesterol, creatinine, 

total antioxidant status (TAS) and fasting blood glucose in each sample.  

Serum concentration of vitamin B12 was determined using a radioassay (Carl & 

Gowenlock, 1994). Plasma levels of folate were determined at the multidisciplinary 

laboratory (MDL), Aga Khan University, Karachi, Pakistan, using a radioassay kit 

obtained from Roche Diagnostics, USA (Carl & Edward, 1994). Serum ferritin and 
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soluble transferrin receptor (sTfR) were estimated at the MDL, Aga Khan University, 

Karachi, Pakistan using ELISA based kits (Roche Diagnostics, USA) (Nagao et al., 

2012). 

Plasma erythropoietin concentrations were measured at the MDL, Aga Khan 

University, Karachi, Pakistan using a commercially available ELISA kit (R&D 

Systems, USA) (Carl and Edward, 1994).  

The serum cholesterol, triglycerides, LDL-cholesterol, HDL-cholesterol, 

creatinine and glucose were measured at the MDL, Aga Khan University, Karachi, 

Pakistan, using kits obtained from Roche Diagnostics, USA.  

Serum concentration of TAS was determined at the MDL, Aga Khan University, 

Karachi, Pakistan, using the kit obtained from RANDOX Laboratories Ltd, UK.  

Serum levels of vitamin E (ɑ-tocopherol) were determined at the Laboratories 

of Merck (Pvt.) Ltd, Karachi, Pakistan, using a modified high pressure liquid 

chromatography (HPLC) method (Nagao et al., 2012). During this procedure, vitamin 

E was extracted from the serum by mixing 0.2 ml of serum with 0.2 ml of absolute 

ethanol and 1.0 ml of n-hexane. After a gentle mix for 30 seconds, contents were 

subjected to centrifugation at 1500 g at 4⁰C. Upper n-hexane layer containing vitamin 

E was transferred to a brown microfuge tube and dried under a steady stream of 

compressed nitrogen gas. At the time of analysis, the sample was reconstituted in HPLC 

grade methanol and analyzed on HPLC (VWR Hitachi, Darmstadt, Germany) using 

C18 Chromlith column (100 x 4.6 cm) and UV-visible photo diode array detector (L-

2420) at 280 nm.  

The minimum detectable amount of vitamin E by this procedure was 15 ng per 

injection (20 μl).The minimum concentrations of detection for serum/plasma vitamin 

B12, folate, ferritin, sTfR, total cholesterol, triglycerides, LDL-cholesterol, HDL-
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cholesterol, creatinine, glucose, TAS and erythropoietin were 50 pg/ml, 0.64 ng/ml, 0.5 

ng/ml, 0.068 µg/ml, 9.7 mg/dl, 8.9 mg/dl, 3.9 mg/dl, 3.0 mg/dl, 0.2 mg/dl, 2 mg/dl, 1.3 

mmol/l and 2.5 mIU/ml, respectively. 

Note: Table 1.1 shows the biomarkers, kit numbers and the manufacturers related to 

above mentioned methods of measurement of biomarkers in serum/plasma. 

 

1.6.0 Statistical analysis 

The statistical analysis of the data was done using with the Statistical Package 

for Social Sciences (SPSS) software version 19 (Apache Software Foundation, USA). 

Age, BMI, hemoglobin, vitamin B12, folate, ferritin, sTfR, sTfR/ferritin ratio, 

erythropoietin, creatinine, fasting blood glucose, TAS, total cholesterol, LDL-

cholesterol, HDL-cholesterol and triglycerides) were shown as mean ± S.D. We 

assessed the overall and gender-specific differences in mean ages and BMIs between 

control and intervention and groups through the independent samples t-test.  

Comparison of pre- and post-intervention values was carried out by repeated 

measures ANOVA for within subjects, between subjects and their interaction. Multiple 

linear regression analysis using the forward selection method was performed to find out 

the effect of various independent variables (e.g those for vitamin E supplemented 

group, such as gender, ferritin, sTfR, HDL-cholesterol and hemoglobin) on post-

supplemental blood hemoglobin levels (dependent variable). We employed the 

Kolmogorov-Smirnov test of normality to determine the distribution of post-

supplemental hemoglobin level and for finding out the error terms of the final model. 

A p value < 0.05 was considered statistically significant.  
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1.7.0 Results                                                                                                                            

1.7.1 Trial profile 

Figure on page 42 represents the trial profile of the present study. It shows that 

out of the 357 apparently healthy adult males and non-pregnant females enrolled with 

informed written consent and screened for pre-supplemental (basal) blood hemoglobin 

levels, 124 subjects were found to be ‘mildly anemic’ according to the criteria of AKUH 

Clinical Laboratory, Karachi, Pakistan. All of these 124 mildly anemic subjects were 

included in the trial. Out of these 124 apparently healthy mildly anemic Pakistani adult 

subjects, 82 male and female subjects were randomized and allocated to ‘Intervention 

(vitamin E) group’ and 42 male and female subjects were allocated to ‘Control 

(Placebo) group’. From 124 mildly anemic adults who entered this intervention trial, 

86 of them completed it, while 38 adults discontinued the use of vitamin E or placebo 

with no specific reason.  

 

1.7.2 Intervention and Control Groups 

Table 1.2 shows that fifty five (42 male and 13 female) subjects belonged to the 

Intervention group (vitamin E supplementation), while thirty one (26 male and 05 

female) were Control (placebo) subjects. The percentage of males compared to females 

was more than 3-fold in both the groups. Except for age of female subjects, there was 

no statistical significant difference in the mean age and mean BMI values between the 

Intervention and Control groups.   

 

1.7.3 Mean age and mean BMI in drop out subjects 

Table 1.3 indicates that the mean age and mean BMI values of 38 subjects who 

did not complete the trial were not significantly different from the mean values of these 
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parameters in those who completed the trial indicating absence of any bias from the 

dropout (p value > 0.05). 

 

1.7.4 Concentrations of biomarkers before and after supplementation 

Table 1.5 shows the concentrations of various biomarkers in serum/blood of 

adults with mild anemia before and after supplementation with vitamin E, which were 

compared using repeated measures ANOVA for change within subjects, between 

subjects belonging to Intervention and Control groups at different time points (pre-post) 

and between Intervention and Control groups. A statistically significant increase was 

observed in concentrations of both vitamin E and hemoglobin after supplementation (p 

value = 0.045 and p value = 0.049, respectively) in the Intervention group subjects; 

though mean blood hemoglobin and mean serum vitamin E levels at the baseline were 

lower in Intervention group subjects in comparison to Control group subjects. There 

was also a statistically significant increase in mean post-supplemental blood 

hemoglobin levels (p value < 0.001) in the Intervention group subjects in contrast to 

the Control group subjects. Similarly, mean serum vitamin E concentration increased 

statistically significantly (p value = 0.01) post-supplementally in the Intervention group 

subjects as compared to Control group subjects. The data were also analyzed to 

determine the effect of gender on vitamin E and hemoglobin concentrations in both the 

Intervention group subjects and Control group subjects at baseline and after three 

months of supplementation.  

There was a statistically significant difference in mean hemoglobin levels 

between Intervention group subjects and Control group subjects at baseline and after 

three months of supplementation when adjusted for gender (p value = 0.008). However, 

no statistically significant difference in the mean concentrations of vitamin E in 
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Intervention group subjects and Control groupsubjects was found at baseline and after 

three months of supplementation when adjusted for gender (p value = 0.717). A weak 

positive correlation was found between change in vitamin E concentration and change 

in hemoglobin levels in both Intervention group subjects and Control group subjects 

(Pearson’s Correlation, “r” = 0.195; p value = 0.07).  

There were no statistically significant differences between pre- and post-

supplemental serum/ plasma levels of folate, vitamin B12, ferritin, sTfR, erythropoietin, 

TAS, creatinine, fasting blood glucose, total cholesterol, triglycerides, LDL-cholesterol 

and HDL-cholesterol both in the Intervention group subjects as well as in the Control 

group subjects. 

 

1.7.5 Effects of various factors on post-supplemental blood hemoglobin levels 

The effects of different factors especially vitamin E supplementation on post-

supplemental blood hemoglobin levels using multiple linear regression analysis have 

been shown in Table 1.6. It is evident that the post-supplemental blood hemoglobin 

level in the group supplemented with vitamin E was 0.983 unit higher when adjusted 

for serum concentrations of erythropoietin, sTfR, basal blood hemoglobin levels and 

gender as compared to the control group. As compared to males, the blood hemoglobin 

level (post-supplementation) in females was 0.656 gm/dl lower in comparison to males 

when adjusted for serum concentrations of erythropoietin and sTfR, basal blood 

hemoglobin and vitamin E levels.  

             Similarly, one unit decrease in concentration of sTfR was associated with 0.06 

unit average increase in post-supplemental blood hemoglobin level with respect to one 

unit decrease in serum concentration of sTfR, when adjusted for serum concentrations 

of vitamin E, erythropoietin, basal blood levels of hemoglobin levels and gender. There 
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was 0.768 unit increase in post-supplemental blood hemoglobin level post-

supplementation with respect to one unit increase in hemoglobin level at baseline, when 

adjusted for serum concentrations of vitamin E, erythropoietin, sTfR and gender.  

Overall, the regression model explained 92.3% variation (R= 0.923) in post-

supplemental blood hemoglobin levels due to serum concentrations of erythropoietin, 

sTfR, vitamin E and basal blood hemoglobin levels and gender.  
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1.8.0 Discussion 

The presence of mild anemia in developing countries such as Pakistan is often 

ignored by the G.Ps because of the absence of apparent clinical features in the affected 

individuals. The prevalence of mild anemia in the apparently healthy male adults in 

general population in Karachi, Pakistan, has been reported to be approximately 69% as 

indicated in a recent study (Nageen et al., 2017). This is suggestive that mild anemia in 

general population is widespread and G.Ps should focus on it to avoid any morbidity 

due to this condition. 

Prevalence of vitamin E deficiency in the apparently healthy general population 

all around the world is low because of the availability of this vitamin in high to moderate 

amounts in a wide variety of commonly used food items such as nuts, vegetable seed 

oils, fish, eggs, cereal grains and fruits (McBurney et al., 2015). In a small study carried 

out in our laboratory, deficiency of alpha-tocopherol (plasma levels < 5 µg/ml) in 

Pakistani young adults was found to be 4.9%, while 16% had plasma levels of alpha-

tocopherol one standard deviation below the mean levels (Mehboobali et al., 2008). 

Some of the previous studies had suggested that poor nutritional status and high 

prevalence of various oxidative stressors such as infections may predispose the general 

populations in developing countries like Pakistan to developing vitamin E deficiency 

(Dror et al., 2011). However, there are hardly any nationally representative large scale 

studies on the vitamin E status and/ or serum α-tocopherol levels in apparently healthy 

Pakistani general population. Therefore, an accurate estimation of the prevalence of 

vitamin E deficiency in our local population has remained an unanswered question. 

There is a general belief that deficiency of vitamin E may be quite common in 

Pakistani population because of the traditional cooking methods. Vitamin E-rich food 

items had been shown to have decreased contents of this vitamin when cooked at high 



37 

 

temperatures in the presence of fat and air (Casal et al., 2006). Therefore, suboptimal 

status of vitamin E along with its associated disorders would be expected to be found 

commonly in Pakistani adults. This has led to our hypothesis that mildly anemic adults 

would have improved hemoglobin levels following supplementation with vitamin E for 

a period of 3 months. In the present study, we did find a positive association of increased 

serum concentration of vitamin E with improved post-supplemental blood hemoglobin 

levels in apparently healthy mildly anemic Pakistani adults. The cost of vitamin E 

supplementation per month per person is approximately 1 US $/ 120 PKR. Thus, 

making it a cost-effective exercise at the public level in Pakistan. 

While a few reports have been published about the relationship of deficiency of 

fat soluble vitamins such as vitamin A and vitamin D with anemia, there has been hardly 

any information about the serum concentration of vitamin E with improved hemoglobin 

levels in mildly anemic adults (Semba et al., 2002; Sim et al., 2010). Therefore, results 

of the present study are novel in this respect. Although adults with microcytic 

hypochromic anemia were excluded in our study at the time of inclusion of the subjects, 

the possibility of mild iron deficiency in some of these subjects could not be ruled out.  

However, 0.06 unit increase in post-supplemental blood hemoglobin level was 

observed with 1 unit decrease in serum concentration of sTfR, when adjusted for serum 

concentrations of vitamin E, erythropoietin, basal blood levels of hemoglobin levels 

and gender. Since sTfR is a marker of tissue iron needs and its levels do not change 

with age and inflammation, it along with serum ferritin levels provides a better marker 

of body iron status in these individuals (Feelders et al., 1999). Our results showed that 

8.6% of variation in hemoglobin concentration following supplementation with vitamin 

E was due to change in sTfR levels. This indicates that vitamin E in some way 
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influenced body iron status; therefore, we included sTfR in the model because of its 

plausible role in bringing a change in hemoglobin levels.  

Several decades ago, it had been suggested that vitamin E deficiency in humans 

may be associated with anemia due to increased oxidative stress-induced erythrocyte 

lysis (Drake & Fitch, 1980; Oski & Barness, 1968).  It has been shown in a relatively 

recent study conducted in India that oxidative stress parameters are significantly high 

in iron deficient anemic adult patients and supplementation with vitamin E (400 

mg/day) for 15 days to these moderately anemic iron deficient patients significantly 

increased the levels of post-supplemental hemoglobin and antioxidant enzymes in 

erythrocytes of these patients (Madhikarmi & Murthy, 2014). Similarly, vitamin E was 

found to increase the erythropoiesis in uremic children by alleviating the oxidative 

stress (Nemeth et al., 2000). However, we found no major change in the TAS levels in 

study subjects after supplementation with vitamin E. These results are  somewhat 

supported by the findings of El-Azab et al who have reported  no significant increase 

in hemoglobin levels even after 12 weeks of supplementation with vitamin E, while 

there was a decrease in oxidative stress in hemodialysed patients with renal anemia (El-

Azab et al., 2007). This is suggestive that action of vitamin E in increasing hemoglobin 

levels in mildly anemic subjects may not be through alleviation of oxidative stress. 

Vitamin E, in addition to being an antioxidant, is also a synergistic vitamin to 

iron absorption. Therefore, any insufficiency of this vitamin could also be associated 

with iron deficiency (Watts, 1988). In a clinical trial, vitamin E supplementation in a 

dose of 300 mg/day for six weeks was found to increase serum levels of iron in elite 

taekwondo athletes (Patlar et al., 2011). The exact mechanism for this increase in serum 

iron levels is unknown. However, it is plausible that vitamin E being an antioxidant 
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might be facilitating iron absorption by maintaining its ferrous state (Feelders et al., 

1999). 

Besides body iron status, plasma concentrations of folate and vitamin B12 are 

among the main predictors for hemoglobin levels in South Asian populations (Iqbal et 

al., 2009; Kumar et al., 2014). Stea et al have recently reported that 3-month 

supplementation with antioxidant vitamins including vitamin E significantly increased 

the serum levels of folate and B12 in elderly subjects (Stea et al., 2016). This indicated 

a positive association between plasma levels of antioxidant vitamins and folate and B12. 

However, in the present study in the Intervention group, we observed no significant 

increase in serum levels of folate and B12. Therefore, increased hemoglobin levels in 

the present study after 3 months of supplementation with vitamin E cannot be 

considered to be due to any change in levels of these B vitamins. Our study results also 

indicated that there were no statistical significant differences between pre- and post-

supplemental serum/ plasma levels of, erythropoietin both in the Intervention as well 

as in the Control group subjects. This observation was contrary to our expectations 

because in a previous small pilot study, we had found increased serum levels of 

erythropoietin along with improved hemoglobin levels in mildly anemic adults 

following 3 months of supplementation with vitamin E (Jilani et al., 2008). Thus, 

increased hemoglobin levels post-supplementation with vitamin E must be independent 

of any change in erythropoietin concentration in the study population.   

  We also found no significant change in the mean post-supplemental plasma 

TAS levels and serum total cholesterol, triglycerides, LDL-cholesterol and HDL-

cholesterol as compared to their respective basal levels both in the Intervention group 

subjects as well as in the Control group subjects. These results are in line with the results 

of a previous study where it has been reported that supplementation  of  tocotrienol for 
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2 months to 21-30 years old normal healthy males  failed to   produce any  significant 

effect on the plasma/serum TAS and  lipid profile of these subjects (Rasool et al., 2006).  

In order to elucidate the precise mechanism of increased hemoglobin levels in 

these apparently healthy mildly anemic adults following vitamin E supplementation 

further studies are needed with focus on stability of erythroid progenitor cells. This 

suggestion is based on the findings of a number of intervention trials using vitamin E 

where improved hemoglobin levels were observed along with decreased hemolysis of 

erythroid cells in patients with different hematological disorders (Jaja et al., 2005; 

Sultana et al., 2009). In a study carried out in China, 4-month supplementation of 

healthy individuals (middle-aged and elderly Chinese) with vitamin E significantly 

decreased hemolysis of their erythrocytes (Sun et al., 2012). Therefore, it was proposed 

that vitamin E due to its antioxidant function  would prevent free radical-mediated lipid 

peroxidation in the membrane of erythrocytes, thereby decreasing their  hemolysis and 

increasing the survival, thereby leading to improved  hemoglobin status in these 

subjects.  

In the current trial, mildly anemic subjects received vitamin E in dose of 400 

mg/day for a period of three months and benefitted in terms of improved hemoglobin 

levels without any adverse effects. However, the risks associated with supplementation 

at higher doses of vitamin E should not be ignored (Rutkowski et al., 2012). The most 

common risks include high pro-oxidative activity resulting into increased generation of 

ROS (Pearson et al., 2006), reduction in systemic vitamin A stores (Reuter et al., 2004) 

and  chances of bleeding in patients receiving anticoagulant treatment (Rota et al., 

1998). As per guidelines by the Institute of Medicine, National Academy of Sciences, 

Washington, DC, healthy adults should not be given more than 1000 mg/day of vitamin 

E (Institute of Medicine, 2000).  
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There are several limitations of the present study. Since there has been hardly 

any previous report on the association of serum concentration of vitamin E with 

hemoglobin levels in apparently healthy adult population, the calculation of sample size 

was based on percentage change in mean and standard error hemoglobin levels instead 

of absolute changes in these two parameters following intervention. There were 38 

drop-outs in the current trial, and only 86 mildly anemic adults could complete it.  This 

has inevitably resulted into a relatively small sample size. Though the study participants 

had been asked to continue with their routine diet, it would have been more appropriate 

to determine their dietary habits through a food frequency questionnaire, and exclude 

all those who were in the habit of consuming dietary items rich in vitamin E. 

Another limitation was a relatively long duration (3 years) for recruitment and 

screening of 357 subjects from the GPs Clinics and personnel of AKU for mild anemia. 

These apparently healthy mildly anemic subjects were then advised to consume a low-

fat, vitamin E-free diet for one month, so as to bring everyone to the same baseline and 

to avoid the influence of diet after recruitment before the start of intervention.   

A possible limitation is the degree to which study findings can be generalized 

to the Pakistani adult population based on the clinical and volunteer populations from 

which the participants were recruited. 

Despite these limitations, the study had sufficient power to identify difference 

between the Intervention group and the Control group, and has provided statically 

significant evidence of the positive role of vitamin E in enhancing blood hemoglobin 

levels in the mildly anemic apparently healthy adults in a Pakistani population.  

Thus, vitamin E supplementation has the potential to be an inexpensive, 

effective and easily available mode of treatment in mild anemia. 
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Figure: Trial profile 
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CHAPTER 2: THE PROBABLE MECHANISM OF ACTION OF VITAMIN E 

IN IMPROVING BLOOD HEMOGLOBIN LEVELS IN APPARENTLY 

HEALTHY MILDLY ANEMIC PAKISTANI ADULTS 

 

2.1.0. Introduction 

Apoptosis  

Apoptosis (programmed cell death) is defined as a form of natural cell death in 

multicellular organisms in which a highly regulated, coordinated and energy-

dependent multi-step irreversible programmed sequence of events results in 

elimination of old and/ or damaged cells that are no longer needed for that organism. 

Some of the physiological significances of normal apoptosis include: 

- maintenance of normal cellular homeostasis during embryogenesis, 

development and aging  

- removal of inner uterine endometrial lining at the start of each menstrual cycle 

- killing of virus-infected cells by cytotoxic T lymphocytes. 

A number of pro-apoptotic proteins included in the family of B-cell 

lymphoma-2 (Bcl-2) proteins present in the mitochondrial membranes and cytosol are 

activated in the apoptotic cells (Koury et al., 2014). The major pro-apoptotic proteins 

in the Bcl-2 family include Bcl-2-associated x (Bax), Bcl-2-antagonist killer (Bak), 

Bcl-2-interacting mediator of cell death (Bim), Bcl-2-interacting killer (Bik), Bcl-2-

associated death promoter (Bad) and BH3-interacting domain (Bid). The main anti-

apoptotic proteins include the B-cell lymphoma-2 (Bcl-2), B-cell lymphoma extra-

large (Bcl-xL) and intracellular inhibitor of apoptosis (IAP). Among the Bcl-2 family 

members, Bax is located in the cytosol of cell and migrates to the mitochondrial outer 

membrane only after apoptotic stimuli, whereas Bak is found at the mitochondrial 



45 

 

outer membrane. Activation of Bid results in stimulation of Bax, Bak and Bad 

(Dzierzak et al., 2013). 

 

2.1.1.0 Process of apoptosis 

The process of apoptosis can be initiated through any of the following two pathways 

(Siddiqui et al., 2015): 

 

2.1.1.1 Intrinsic (mitochondrial) pathway 

This pathway is stimulated by various internal cellular stress signals, including 

the growth factors, nutrient and energy depletion, severe hypoxia, excessive heat, 

ultraviolet or X-ray radiations, chemotherapeutic drugs, excessive intracellular 

accumulation of misfolded proteins and free radical damage. At the initiation of this 

pathway, Bcl-2 family of pro-apoptotic proteins (Bax, Bak, Bad, Bid, Bim and Bik) 

become activated and their incorporation into the mitochondrial outer membrane leads 

to formation of permeability transition pore (PTP) in the mitochondrial outer 

membrane of apoptotic cells (Schellenberg et al., 2013). This is followed by: 

- depolarization of mitochondrial membrane  

- uncoupling of oxidative phosphorylation resulting in decreased ATP 

- release of: 

i. IAP-blocking proteins resulting in inactivation of IAP 

ii. mitochondrial pro-apoptotic proteins, such as Cytochrome c, apoptosis-

inducing factor (AIF), second mitochondrial-derived activator of caspase (SMAC) 

and endonuclease G (Endo-G) from mitochondrial intermembrane space through the 

PTP into the cytosol of the apoptotic cell (Czabotar et al., 2013; Leshchiner et al., 

2013)  
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- binding of Cytochrome c with apoptotic protease activating factor-1 (APAF-1) 

results in the activation of APAF-1. Activated APAF-1 leads to the formation and 

activation of ‘Apoptosome’. Cysteine-dependent aspartate-specific proteases 

(caspases) are fatty acid synthase (Fas)-dependent pro-apoptotic death-inducing 

proteolytic enzymes originally present within all of the normal healthy cells in the 

inactive pro-forms (Dewson et al., 2012). 

Caspases are classified into: 

- Initiator caspases (2, 8, 9 and 10) 

- Effector (executor) caspases (3, 6 and 7)  

Binding of Apoptosome with Fas-dependent inactive pro-caspase 9 converts it 

into activated caspase 9, which in turn activates pro-caspase 3 (Czabotar et al., 2014). 

Activated caspase 9 leads to increased proteolysis of various cellular organelles at the 

aspartate cellular residues, while activated caspase 3 causes the cleavage of inhibitor 

of caspase-activated DNase (CAD), leading to fragmentation of nuclear DNA (Ola et 

al., 2011). 

 

2.1.1.2 Extrinsic (death receptor) pathway  

This pathway is initiated by signals from the extracellular surrounding 

environment through various extracellular ligands e.g. Tumor necrosis factor-α (TNF-

α), Tumor necrosis factor-β (TNF-β) and first apoptotic signal ligand (FasL). Binding 

of TNF-α and/ or TNF-β with TNF receptor (TNFR) on cell surface results in 

activation of caspase 8.  

Binding of FasL with Fas (Apo-1, CD-95) receptors on the cell surface leads 

to the formation of death-inducing signaling complex (DISC), which in turn causes 

the activation of caspase 8 and caspase 10.  Activated caspase 8 and caspase 10 lead 
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to cleavage of various intracellular proteins and disintegration of cellular organelles 

(Moldoveanu et al., 2013). 

Bcl-2 and Bcl-xL are the major anti-apoptotic (pro-survival) proteins in the 

normal human cells. Bcl-2 is mitochondrial membrane bound, whereas Bcl-xL is 

cytosolic and binds to mitochondrial outer membrane on activation. The function of 

Bcl-2 is to sequester and inhibit pro-apoptotic proteins. Bcl-xL prevents pro-apoptotic 

proteins to initiate apoptosis by forming ‘heterodimers’ with them. Activated IAP had 

been shown to inhibit the activation of caspase 8 and caspase 9. The activation of Bcl-

2 and Bcl-xL results in mitochondrial membrane pores to become non-permeable to 

pro-apoptotic mitochondrial molecules like Cytochrome c and SMAC, thus 

preventing the activation of caspases cascade (Edlich et al., 2011; Portt et al., 2011).  

The completion of intrinsic and/ or extrinsic apoptotic pathways results in the 

following characteristic biochemical and morphological changes in the apoptotic cell: 

- destruction of structural cell membrane proteins and membrane cytoskeleton 

(e.g. ankyrin, band 3 and protein 4.2) by endogenous protease known as 

‘Calpain’ resulting in the cell shrinkage 

- formation of several irregular buds (blebs) on the cell surface 

- extensive protein cross-linkages 

- release of calcium from smooth endoplasmic reticulum (SER) and failure to 

recapture it back to SER due to reduced calcium-ATPase activity causing 

abnormally increased intracellular calcium accumulation  

- mitochondrial degeneration leading to decrease in energy production 

- condensation of chromatin (Pyknoses) and nucleus 

- fragmentation and degradation of: 

• nuclear membrane 
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• chromosomal DNA due to calcium/magnesium-dependent 

endonucleases (Karyorrehexis) 

• nucleus into several chromatin bodies called ‘nucleosome units’ 

- inhibition of DNA repair enzymes 

- degradation of mRNA and nuclear protein  

- nuclear fragmentation and expulsion  

- withdrawal from the cell cycle 

- breaking of the cell into multiple, small, membrane-wrapped vesicular 

fragments called the apoptotic bodies or apoptosomes (Yi et al., 2011). 

Phospholipids and cholesterol are the major lipids in the normal human cell 

membrane lipid bilayer. Each of the plasma membrane lipid bilayer contains specific 

types of phospholipids and cholesterol. Among the plasma membrane phospholipids, 

phosphatidylcholine and sphingomyelin are located in the outer layer and 

phosphatidylethanolamine and phosphatidylserine (PS) are present along the inner 

side of the cell membrane.  

During the terminal stages of apoptosis, the membrane phospholipid, PS is 

shifted from the inner to the outer surface of the cell membrane by ‘Scramblase’ 

protein, thereby exposing it to the external cellular environment (Aguilar et al., 2013). 

This results in altered cell membrane homeostasis and weakens the mechanical 

stability of the apoptotic cell. The exposed PS residues are then recognized by the 

macrophages, which engulf these apoptotic cells and digest them through 

phagocytosis (Westphal et al., 2011). The process of apoptosis in contrast to cell 

necrosis does not release any harmful end-products in to the surrounding 

environment. There is no release of cellular constituents into the surrounding 
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interstitial tissue by the apoptotic cell in contrast to a cell undergoing necrosis and 

thus, normal apoptosis does not result in inflammation (Rong et al., 2008).  

 

2.1.1.3 Analysis of cell apoptosis 

The analysis of cellular apoptosis can be performed by: 

- identifying the morphological changes in the apoptotic cell through 

fluorescence microscope and transmission electron microscope 

- biochemically detecting the cell surface markers, for example, staining of 

exposed PS with annexin V and propidium  iodide (PI). Annexin V is a calcium-

dependent phospholipid-binding protein with a high affinity for binding to the cells 

with exposed PS. Annexin V can bind the flurochrome, fluorescein-5-isothiocyanate 

(FITC) through calcium. Upon initiation of apoptosis, PS which has translocated to 

the outer surface of the cellular membrane is easily detectable with fluorescently 

labeled annexin V apoptosis detection kit. Propidium iodide (PI) is a flurochrome 

which is a DNA intercalating agent (nucleic acid dye) that stains only cells in the late 

phases of apoptosis which is characterized by DNA fragmentation. PI is membrane 

impermeant and is generally excluded from viable cells. Thus, PI is used to 

distinguish viable from nonviable cells. PI binds to DNA by intercalating between the 

bases with a stoichiometry of one dye molecule per 4–5 base pairs of DNA. In late 

apoptotic cells, PI enters the cell through the disrupted nuclear membrane and gets 

intercalated in DNA causing red fluorescence in the nucleus. Staining with FITC 

annexin V in conjunction with PI is used to identify the apoptotic cells. The numbers 

of annexin V and PI-tagged apoptotic cells are then analyzed and counted using flow 

cytometry and/ or a fluorescence microscope. The cells that are alive (viable cells) 

with intact membranes exclude PI and annexin V, whereas the membranes of dead 
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and damaged cells are permeable to PI. The alive cells would be FITC-annexin V 

negative (-ve) and PI -ve, while the dead cells would be annexin V -ve and PI positive 

(+ve). The early apoptotic cells are identified as FITC-annexin-V +ve and PI -ve. The 

cells in late apoptosis or undergoing necrosis are recognized as FITC-annexin V +ve 

and PI +ve (Ding et al., 2014; Vermes et al., 1995). 

- DNA fragmentation assay through:  

• DNA laddering technique with agarose gel electrophoresis 

• Flow cytometry 

• Terminal dUTP nick end-labeling (TUNEL) assay 

- Studying the caspase activation, Bid cleavage and Cytochrome c release 

through Western blotting technique. 

 

2.1.2.0 Erythropoiesis 

Erythropoiesis normally occurs continuously in every healthy human being in 

order to replace the old and/ or abnormal circulating erythrocytes, so as to maintain 

the erythroid homeostasis. Production of human erythrocytes in the early embryonic 

period initiates in the yolk sac, which is gradually shifted to spleen, liver and finally 

in the bone marrow in the later part of fetal life during normal erythropoiesis. The 

formation of erythrocytes in the adult life normally occurs only in the bone marrow 

(Dzierzak et al., 2013). However, liver and spleen may contribute to extramedullary 

erythropoiesis whenever required during extra demand. The physiological sequence of 

erythropoiesis involves the progressive differentiation and proliferation of pluripotent 

hematopoietic stem cells (PHSCs) first into the committed stem cell for erythroid 

(CSC-E) series and then undergoing maturation and differentiation into burst-forming 

unit for erythroid (BFU-E) cells and colony-forming unit for erythroid (CFU-E) cells. 
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The BFU-E and CFU-E cells give rise to the pro-erythroblast, which transforms into 

early basophilic and polychromatophilic erythroblasts and finally into the late 

orthochromatic erythroblast. During the erythroblast stage of erythropoiesis, initiation 

of formation and accumulation of hemoglobin takes place inside the developing red 

blood cell. The late erythroblast undergoes maturation and numerous cell divisions 

along with structural changes such as decrease in size, chromatin condensation, 

nuclear fragmentation, expulsion of the degenerated organelles and finally gets 

differentiated into a reticulocyte. Thus, the erythroid progenitor cell (EPC) at the 

terminal stages of differentiation is devoid of nucleus, mitochondria and endoplasmic 

reticulum. No new hemoglobin formation occurs after the reticulocyte stage of 

erythropoiesis. The EPC enters the circulation from the bone marrow as a 

reticulocyte. The reticulocyte soon transforms into a mature erythrocyte. The 

erythrocyte is biconcave in shape, elastic and flexible. The mature erythrocyte does 

not possess the capacity to synthesize proteins and self-repair and so, is not capable of 

further proliferation. The normal life span of mature erythrocytes is about 110 to 120 

days in healthy humans. They are then destroyed and removed by the splenic 

monocyte-macrophage reticuloendothelial system (RES; Baron et al., 2013).  

 

2.1.3.0 Markers of human hematopoietic cells 

Cluster of differentiation-34 (CD34) is a type of cell surface glycoprotein that 

shows expression on early hematopoietic and vascular-associated tissue. Cells 

expressing CD34 (CD34+ cells) are normally found in the umbilical cord and bone 

marrow of hematopoietic stem cells, endothelial progenitor cells, vascular endothelial 

cells, mast cells, in some of the mesenchymal stem cells, a sub-population of dendritic 

cells in the interstitium and around the dermis of skin. CD34 serves as human 
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hematopoietic stem cell surface antigen (marker). CD34+ cells are also suggested to 

mediate the attachment of stem cells to bone marrow extracellular matrix or directly 

to stromal cells (Nielsen et al., 2008).  

Human hematopoietic progenitors (CD34+ cells) include: burst forming unit 

for erythroid (BFU-E) cells, myeloid stem cells, colony forming unit for granulocyte 

and monocyte (CFU-GM) cells and colony forming unit for megakaryocyte (CFU-

MK) cells and they ultimately give rise to erythrocytes, leucocytes and platelets, 

respectively (Furness et al., 2006). CD34+ cells may be isolated from adult human 

peripheral blood samples using magnetic-assisted cell sorting (MACS) or by flow 

cytometry-mediated cell sorting. Anti-CD34 antibodies are used to quantify and 

purify CD34+ cells using immunofluorescence based methods and/ or flow cytometry 

(Filippone et al., 2010; Fujimi et al., 2008; Paiboonsukwong et al., 2003).  
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Table: Other cell markers used to purify erythroid progenitor cells 

Marker CD36 CD71 CD235a                              

(Glycophorin A, GPA) 

CD3* CD14* 

Normal 

tissue                    

distribution 

Erythrocytes, platelets, 

monocytes, adipocytes, 

skeletal muscle cells, 

mammary cells, spleen 

cells, cutaneous 

microdermal endothelial 

cells 

Cell surface of human 

erythroid precursor cells 

till intermediate 

erythroblasts within 

bone marrow and 

peripheral whole blood 

Human erythroid 

precursor cells, mature 

erythrocytes 

T cell progenitor cells in 

thymus, mature T cells, 

bone marrow and 

peripheral blood 

Macrophages, neutrophils and 

dendritic cells 

 

Physiological 

functions 

 

- Forms part of a non-

opsin receptor on 

macrophage surface during 

phagocytosis 

- Involved in platelet 

adherence during 

homeostasis 

Promotes uptake of 

transferrin-iron 

complexes 

- Carrier of blood group 

M and N antigens 

 

- Provide cells with 

mucin-like surface and 

barrier to cell fusion, 

thus, decreasing 

aggregation between 

RBCs in blood 

circulation 

Activate signal generation 

in T lymphocytes 

- Act as a co-receptor for the 

detection of 

bacterial lipopolysaccharide (LPS)  

 

- Recognition of pathogen-

associated molecular patterns (e.g. 

lipoteichoic acid) 

 

* Note: These are commonly used as controls to differentiate erythroid progenitor cells (EPCs) from other types of blood cells

https://en.wikipedia.org/wiki/Lipopolysaccharide
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2.1.4.0 Regulation of blood hemoglobin levels 

Normal erythrocyte production and elimination and adequate hemoglobin 

synthesis are all regulated by a physiological balance between rate of proliferation, 

differentiation, maturation and survival of erythroid progenitor cells (EPCs) and their 

apoptosis. Abnormally increased EPCs’ apoptosis may lead to ineffective 

erythropoiesis. EPCs can normally die as a consequence of growth factor withdrawl 

or in response to apoptosis inducers. The activation of Bcl-2 and Bcl-xL can prevent 

the programmed degradation of cellular organelles, mRNA and DNA in the normal 

human EPCs (Diwan et al., 2007). This may lead to increased survival of pro-

erythroblasts and promotion of rapid maturation and differentiation of erythroblasts 

into erythrocytes (Hristoskova at al., 2007; Rhodes et al., 2005; Ribeil et al., 2005; 

Zermati et al., 2001). Some of the previous studies have proposed that stimulation of 

Bcl-xL is associated with significant increase in hemoglobin synthesis (Medhab et al., 

2003).  

Studies carried out during the last few years have shown that there are 

multiple biological factors which might directly or indirectly affect the regulation of 

balance between cell survival and apoptosis in EPCs in healthy and some of the 

anemic human subjects (Koulnis et al., 2012). The expression of Bcl-xL and Bcl-2 

genes in EPCs is promoted by GATA-1 transcription factor and signal transducer and 

activator of transcription (STAT) proteins, which themselves are activated by a 

number of signaling cytokines or growth factors, including erythropoietin (EPO), 

stem cell factor (SCF), interleukin-1β (IL-1 β), interleukin-3 (IL-3) and interleukin-6 

(IL-6) (Lodish et al., 2010; Tanyong et al., 2007; Testa., 2004; Wensveen et al., 

2013).  
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EPO is an essential hormone required for normal human erythropoiesis both in 

the fetal as well as in the adult life. EPO is a glycoprotein secreted primarily from the 

perisinusoidal hepatic cells in the fetal and infant life and from the renal peritubular 

capillary interstitial fibroblasts in adult life. The main stimulus for the release of EPO 

from these sites is the relative tissue hypoxia (Luo et al., 2015). After its release, EPO 

binds to the EPO receptor on the EPC surface and activates a Janus kinase 2 (JAK2) 

signaling cascade. This initiates the signal transducer and activator of transcription 5 

(STAT5), phosphoinositide 3-kinase (PIK3) and Ras Mitogen-activated protein kinase 

(MAPK) pathways, resulting in increased differentiation, proliferation, growth and 

maturation of developing EPCs, especially CFU-E cells and pro-erythroblasts 

(Arcasoy et al., 2005; Grover et al., 2014; Malik et al., 2013). EPO had also been 

suggested to normally increase the survival of erythroid precursors by preventing the 

apoptosis of maturing BFU-E cells, CFU-E cells, proerythroblasts and early 

erythroblasts by inducing Bcl-xL and Bcl-2 proteins’ expression, down regulation of 

Bim expression and enhanced extracellular-signal-regulated kinases (ERKs)-mediated 

degradation of Bim protein, thus inactivating the apoptosis-inducing caspases (Diwan 

et al., 2008; Horvathova et al., 2012; Mori et al., 2003; Silva et al., 1996). Decreased 

levels of EPO result in caspase activation and erythroid progenitor’s apoptosis 

(Geslain et al., 2013; Hermine et al., 2013; Lui et al., 2006). 

Studies have shown that some biological factors other than EPO might also 

affect the EPCs’ apoptosis in human subjects. Some of these studies suggested a 

possible role of various cytokines, including Stem cell factor (SCF) (Ratajczak et al., 

2001), Tumor necrosis factor-α (TNF-α) (Dia et al., 2004; Zamai et al., 2000), 

Interferon-γ (IF-γ) (Choi et al., 2000; Joo et al., 2003; Kheansaard et al., 2013), 

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-ĸB) (Liuet al., 
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2003; Sae-ung et al., 2005), Insulin-like growth factor-1(IGF-1) (Nagatomo et al., 

2008), Glucocorticoids (Lee et al., 2015; Narla et al., 2011; Stellacci et al., 2009) and 

Nitric oxide (NO) (Kheansaard et al., 2011) in the regulation of survival, proliferation, 

differentiation and apoptosis of EPCs in vitro.  

TNF-α is an inflammatory cytokine produced by macrophages, lymphocytes, 

natural killer (NK) cells, neutrophils, eosinophils and mast cells. The major known 

functions of TNF-α in human include acting as an endogenous pyrogen, regulation of 

the apoptotic cell death and inhibition of tumorigenesis. It has been proposed in 

earlier studies that normal human erythropoiesis and hemoglobin synthesis during 

CFU-E, proerythroblast and early erythroblast stages is inhibited by TNF-α directly 

through stimulation of Fas-dependent pro-apoptotic caspases, especially caspase 8 

(Jacobs-Helber et al., 2003; Papadaki et al.,  2002) or indirectly by its induction 

through interferons (Means et al., 1993).  

 

2.1.5.0 Vitamins and hemoglobin levels 

Some of the previous studies indicated the probable role of fat-soluble 

vitamins in the growth and survival of EPCs. Jafari et al showed that serum retinol 

levels were positively correlated with hemoglobin levels in healthy non-pregnant 

women of reproductive age group in the Persian Gulf region (Jafari et al., 2013). 

Severe and persistent vitamin A deficiency had been suggested to cause anemia by 

retarding the growth and differentiation of EPCs and inhibition of mobilization of iron 

stores from tissues (Semba et al., 2002). Moreover, it was suggested that all-trans 

retinoic acid prevents in vitro apoptosis of adult human bone marrow CD34+ cells 

(Herault et al., 2002). Sada et al reported that vitamin K was having an anti-apoptotic 
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effect on normal EPCs isolated and purified from the peripheral whole blood (Sada et 

al., 2010).  

Oxidative stress is defined as a condition during which the human cells are 

continuously exposed for a prolonged time to oxidative factors that cause generation 

of excessive amounts of free radicals (oxidants) which the body cannot normally 

neutralize. Physiological regulation of a balance between the formation of various 

oxidants and the available antioxidants during oxidative stress is essential for 

maintenance of normal human cellular homeostasis. It has been suggested that one of 

the factors involved in activation of cellular apoptotic signaling pathways in the 

hematopoietic progenitor cells is the oxidative stress-induced generation of reactive 

oxygen species (ROS) and depletion of antioxidant enzymes inside these apoptotic-

prone cells. The increased oxidative stress may affect the effectiveness of human 

hematopoiesis and survival of CD34+ hematopoietic progenitor cells by altering their 

rate of proliferation and apoptosis (Dallalio et al., 2003; Taoka et al., 2012). 

Beneficial in vivo effects of a combination of antioxidants in decreasing the apoptosis 

in peripheral blood lymphocytes in healthy individuals had been demonstrated (Li-

Weber et al., 2002; Ma et al., 2011; Mosca et al., 2002). In a recent study, it was 

suggested that treatment with some of the antioxidant enzymes could prevent the 

oxidative stress-induced EPC death in experimental animals (Canli et al., 2016).  

Vitamin E is one of the most powerful and effective antioxidants available both 

endogenously and exogenously to prevent oxidative stress-induced injuries in the 

human body. The results of a randomized, double-blinded, placebo-controlled study 

suggested that supplementation with a mixture of α-, β-, γ- and δ-tocotrienols and α-

tocopherol significantly reduced the level of cellular DNA damage in healthy human 

subjects (Sing-Fong et al., 2008).  
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 Some of the human and animal studies had indicated that pre-treatment with 

vitamin E significantly reduced the experimentally-induced apoptosis by decreasing 

the gene expression of Bax, inhibiting the Cytochrome c release from the 

mitochondria, decreasing TNF-α-induced activation of pro-apoptotic caspases and 

decreasing the DNA damage in the apoptotic cells (An et al., 2014; Asadi et al., 2012; 

Chein et al., 2011; Makpol et al., 2012; Ramanathan et al., 2005; Singh et al., 2013). 

It was also reported that pre-treatment with vitamin E prevented the experimentally-

induced apoptosis in human vascular endothelial cells (Do et al., 2015; Uemura et al., 

2002).   

There is some evidence to suggest that vitamin E might enhance the 

proliferation and survival of hematopoietic stem cells (Bichay et al., 1986; Roy et al., 

1982; Santiyanont et al., 1977), increase the differentiation and maturation of EPCs 

and enhance differentiation of granulocyte and monocyte lineage in the bone marrow 

(Kulkarni et al., 2010; Li et al., 2010; Nogueira et al., 2011) of various experimental 

animals. Vitamin E had also been shown to significantly increase the growth of BFU-

E cells and colony-forming unit granulocyte-monocyte (CFU-GM) cells from HIV-

infected patients (Geissier et al., 1994). In another study, d-α-tocopherol succinate 

was shown to reduce the inhibitory activity of hemozoin on the number and 

maturation of EPCs in an in vitro model (Lamikanra et al., 2009).  

On the basis of animal studies, it was suggested that supplementation with 

vitamin E could decrease radiation-induced apoptosis in bone marrow and peripheral 

blood hematopoietic stem cells by inhibiting the expression of Bax and decreasing the 

activation of pro-apoptotic caspases (Satyamitra et al., 2012, Wambi et al., 2008).  

Moreover, evidence was also obtained through experimental human and animal 

studies to show that pre-treatment with vitamin E significantly protected CD34+ 
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haematopoietic progenitor cells against radiation-induced injuries (Singh et al., 2011). 

Xi et al showed that treatment of CD34+ mononuclear cells derived from human 

umbilical cord blood with antioxidants (glutathione and N-acetyl-L-carnitine) 

decreased the ferric chloride-induced apoptosis in these cells as compared to controls 

(Xi et al., 2011).  

All these reports indicated that vitamin E could have a protective role on 

EPCs. However, there has been no reported study to examine the effect of vitamin E 

treatment on CD34+-derived EPCs isolated from the peripheral blood mononuclear 

cells (PBMNCs) obtained from apparently healthy adult human subjects. 

 

2.2.0 Hypothesis and research question  

On the basis of above mentioned reports and observations, we hypothesized 

that “Vitamin E treatment would decrease the apoptosis of CD34+-derived EPCs 

isolated from PBMNCs obtained from apparently healthy adult human volunteers”. 

  This hypothesis has led to the development of the following research question:  

‘Does vitamin E affect the apoptosis of human CD34+-derived EPCs isolated from 

PBMNCs from apparently healthy adults?’ 

 

2.3.0 Objective 

           To investigate the effect of vitamin E and EPO treatment on TNF-α-mediated 

apoptosis of CD34+-derived EPCs isolated from PBMNCs from apparently healthy 

adult volunteers.   
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2.4.0 Subjects  

2.4.1 Ethical clearance 

The study had been approved by the Ethics Review Committee of the Aga 

Khan University [Ref# 3644-BBS-ERC-15] and written informed consent was 

obtained from all the participants included in this study. 

 

2.4.2 Selection of subjects 

           The PI contacted and selected the subjects according to the inclusion and 

exclusion criteria given below: 

 

2.4.2.1 Inclusion criteria 

• Healthy human males and non-pregnant females (age: 18-45 years) voluntarily 

donating their blood samples for this study with written informed consent 

• Should be normolipidemic and normotensive 

• No known history of: 

- iron, folate, vitamin B12, vitamin E or any other micronutrient deficiency  

- gastrointestinal disorders including intestinal malabsorption, diabetes, 

hyperlipidemia, obesity, cardiovascular disease, sexually transmitted disease 

or any major illness due to respiratory, urogenital, hepatic, musculoskeletal, 

endocrine or psychiatric problems or any other chronic disease during the last 

five years    

- severe acute or chronic blood loss during the last six months   

- tobacco/nicotine smoking, betel nut, gutka, tobacco or niswar chewing and use 

of alcohol during the last five years   
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- consumption of vitamin E, vitamin B12, folate, iron, antioxidant or any other 

health supplements or any other drug for management of acute or chronic 

disease during the last six months.  

 

2.4.2.2 Exclusion criteria 

• Pregnant or lactating females 

• Regular cigarette/or beedi smoking, betel nut/or tobacco intake/or niswar 

chewing/or alcohol intake during the past five years 

• Bleeding or clotting abnormality or vitamin K deficiency during the last one 

year 

• Blood transfusions during the last one year 

• Recent local or systemic infections during the last six months 

• Consumption of vitamin E during the last six months prior to enrollment 

• Antiplatelet agents, anticoagulants, aspirin, non-steroidal anti-inflammatory 

medications, lipid-lowering agents, antibiotics, immunosuppressive or 

hepatotoxic drug intake during the past six months. 

 

2.5.0 Materials and methods  

2.5.1.0 Collection of human peripheral whole blood sample from apparently  

             healthy adult human subjects 

Investigators have used human peripheral whole blood obtained from 

apparently healthy subjects for isolating CD34+ cells (Tanyong et al., 2015). These 

CD34+ cells were used to derive EPCs from PBMNCs and culturing these cells in 

vitro (Spiropoulos et al., 2010). A 10-20 ml sample of peripheral venous blood was 

obtained in a heparinized tube from apparently healthy adult volunteer after getting 
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the written informed consent. The blood sample was immediately taken to the Stem 

Cell Laboratory in the Panjwani Center for Molecular Medicine & Drug Research 

(PCMD), International Center for Chemical and Biological Sciences (ICCBS), 

University of Karachi, Pakistan for further processing and experimentation. 

 

2.5.2.0 Isolation of CD34+ cells from PBMNCs using Ficoll-paque density 

gradient centrifugation followed by magnetic-activated cell sorting (MACS) 

           PBMNCs were separated from the collected peripheral venous blood sample 

obtained from apparently healthy adult volunteer by density gradient centrifugation. 

CD34+ cells (2 - 4 x 105 cells/ml of blood) were then isolated from PBMNCs using 

EasySepTM CD34 selection kit and reagents by magnetic activated cell sorting 

(MACS) procedure (Guzman et al. 2002; Tanyong et al., 2015).  

The following chemicals and reagents were used in the experimental work and were 

kept at temperature (s) recommended by the manufacturer: 

Chemical/Reagent Catalog 

number 

Manufacturer 

Dulbecco’s 1X Phosphate buffered saline (PBS) with 2% fetal bovine 

serum (FBS) 

07905 Stemcell Technologies 

Inc., Canada 

Lymphocyte separation medium (LSM, density gradient medium) 50494 MP Biomedicals Inc., 

USA 

EasySepTM RBC lysis buffer (0.16 mol/l ammonium chloride, 10 

mmol/l potassium bicarbonate, 05 mmol/l EDTA) 

20120 Stemcell Technologies 

Inc., Canada 

EasySepTM human peripheral whole blood CD34+ positive selection 

cocktail: To positively select CD34+  lineage depleted pre-enriched 

cells from PBMNCs; contains monoclonal antibodies against human 

CD34+ cells and dextran 

18056 Stemcell Technologies 

Inc., Canada 

RosetteSepTM human hematopoietic progenitor cell basic SepMateTM 

pre-enrichment cocktail: contains monoclonal antibodies against 

human CD2, CD3, CD14, CD16, CD19, CD25, CD56, CD61, CD66b 

and CD235a (Glycophorin A, GPA) to deplete lineage positive cells 

by negative selection 

15226 Stemcell Technologies 

Inc., Canada 

Dulbecco’s Modified Eagle Medium (DMEM; high glucose, Serum 

free) 

11965092 Gibco, USA 

Penicillin-Streptomycin (10,000 U/ml) 15140122 Gibco, USA 
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100X StemSpanTM erythroid expansion supplement [Serum-free 

culture supplement used for selectively culturing (expanding) and 

differentiating human EPCs from CD34+ cells; contains a combination 

of recombinant human SCF, IL-3, and erythropoietin]  

02692 Stemcell Technologies 

Inc., Canada 

EasySepTM Magnet (MACS) for isolating 2.5 x 105 cells 18000 Stemcell Technologies 

Inc., Canada 

 

The following supplies were used. 

a. BD falcon round bottom tubes (12 x 75 mm) with snap cap [Becton Dickinson (BD) 

Holdings, PTE, LTD, USA] 

b. Polystyrene tissue culture flasks 

c. Falcon® Tissue culture-treated cultureware, e.g. 6-well, 12-well, 24-well and 32-well 

tissue culture plates [Corning FluoroBlock] 

d. Serological pipettes, pipette aid, micropipette (Eppendorf, Gilson, Germany) with 

appropriate tips  

e. SepMateTM tubes (4 x 15 ml; Stemcell Technologies Inc., Canada) 

f. T-25 cell culture flask (Thermo Fisher Scientific, USA) 

The following pieces of equipment were used.  

- Centrifuge machine with swinging bucket rotor [Eppendorf 580, Germany] 

- Biological Safety Cabinet Type IIA [Esco, Singapore] 

- Incubator with humidity and CO2 gas control to maintain 37°C and 95% 

humidity with 5% CO2 [NU5500E, NuAire, USA] 

- Inverted microscope [total magnification of 20X to 100X; Nikkon TE 2000, 

Japan] 

- Software used with fluorescence microscopy [NIS Element; Nikkon TE 2000, 

Japan] 
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2.5.2.1 Procedure 

The targeted CD34+ PBMNCS cells were specifically magnetically labeled with 

dextran-coated magnetic particles using bispecific tetrameric antibody complexes 

(TACs). TACs can recognize both dextran and the target cell CD34+ PBMNC surface 

antigen. Magnetically labeled cells were then separated from unlabeled cells using the 

MACS procedure (Kheansaard et al., 2011).  

Various steps of the procedure were as follows: 

- Human peripheral whole blood sample was transferred into a sterile falcon tube. 

RosetteSepTM human hematopoietic progenitor cell basic SepMateTM pre-enrichment 

cocktail (50 µl) was added into the blood sample (at a ratio of 05 µl/ ml of blood) and 

incubated at room temperature for 10 minutes. Sterile lymphocyte separation medium 

(LSM; 15 ml) was added carefully by pipetting into the SepMateTM tube and the blood 

sample (10 ml, diluted with phosphate buffered saline (PBS) and 2% fetal bovine serum 

(FBS) was layered on density gradient medium by carefully pipetting it down the side 

of vertically-placed SepMateTM tube, making sure that the blood sample does not get 

mixed with LSM. After that the tube was centrifuged at room temperature at 500 x g 

for 30 minutes with brakes off and accelerator at zero. After centrifugation the 

following three layers were obtained in the tube:  

 top layer (supernatant, serum)  

 middle layer of PBMNCs (buffy coat) 

 bottom layer (LSM) 

- The top (supernatant) layer was aspirated off and discarded using a pipette and the  

middle layer of PBMNCs was carefully transferred into another 15 ml falcon tube. 1X 

PBS with 2% FBS was added into the falcon tube containing the enriched PBMNC 

layer, bringing up the total volume to in the falcon tube to 15 ml. This tube was 
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centrifuged at room temperature at 300 x g for 08 minutes. PBMNCs were then 

transferred into a separate tube and 10 ml DMEM was added into it. This was followed 

by centrifugation of the tube at room temperature at 400 x g for 30 minutes. The cell 

pellet was resuspended in a new tube containing DMEM (that can fit in the magnet). 

After that EasySepTM positive selection cocktail at 100 µl/ml of cell suspension was 

added, and following gentle mixing the suspension was incubated at room temperature 

(15-25°C) for 15 minutes.  

EasySepTM magnetic nanoparticles at 50 µl/ml of cell suspension were then 

added,mixed well to ensure that they were in a uniform suspension by vigorously 

pipetting up and down more than 5 times and then the suspension was incubated at 

room temperature (15-25°C) for 10 minutes. The total volume in cell suspension was  

adjusted to 2.5 ml by adding DMEM. The cells were then gently mixed by pipetting  

up and down 2-3 times and the tube (without cap) was placed into the magnet and set  

aside for 5 minutes. The magnet was picked and the tube was inverted in one  

continuous motion to pour off the supernatant fraction. The magnetically labelled  

cells remained inside the tube, held by the magnetic field of the EasySepTM magnet.  

The magnet and tube were left in inverted position for 2-3 seconds and then returned  

to upright position. The tube was removed from the magnet and 2.5 ml DMEM  

without serum was added. The cell suspension was mixed by gently pipetting up and  

down 2-3 times and the tube was placed back again in the magnet and set aside for 5  

minutes. The magnet was picked and the tube was inverted to pour off the  

supernatant. Again 2.5 ml DMEM was added to the tube and the procedure of  

cleaning cells was repeated 3 times. Finally the collected cells were centrifuged at 300  

x g for 10 minutes and the supernatant was discarded and cells were resuspended in  

DMEM. These positively selected CD34+ cells were counted using a hemocytometer  
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and an inverted microscope using the following formula: 

Cell count= no of cells/ml= no of cells in all four squares/04 x dilution factor x 104 

cells/ml  

- The isolated CD34+ cells were cultured (expanded) in a T-25 cell culture  

flask in DMEM supplemented with 10% FBS, 100 unit/ml penicillin, 100 µg/ml  

streptomycin, and 100X StemSpanTM erythroid expansion supplement. The flasks  

were incubated at 37ºC with 5 % CO2 in a humidified incubator for 7-14 days to  

induce erythroid differentiation. DMEM along with the erythroid expansion  

supplement was replaced every 2-3 days and the density of the cells was maintained at  

2 - 4 x 105 cells/ml (Kheansaard et al., 2011; Tanyong et al., 2015). Cultured cells  

were observed daily for any phenotypic (morphological) change and any changes in  

cell count using an inverted microscope. Once the cells were confluent in flask, they  

were processed for further analysis. 

 

2.5.3.0 Assessment of purity of CD34+-derived EPCs by using fluorescence 

microscopy 

The purity of the isolated CD34+-derived EPCs was assessed by using FITC- 

conjugated mouse anti-human phycoerythrin (PE)-conjugated monoclonal antibodies.  

During this procedure, the cells were stained with: 

- Primary antibodies: These are against cell surface antigens (markers) CD34, CD71 

and CD235a (Glycophorin A, GPA). It is to be noted that TNF-α had been reported to 

inhibit Glycophorin A+ cells generation by CD34+ cells (Choi et al., 2000; Mori et al., 

2003; Papadaki et al., 2002; Secchiero et al., 2004; Xio et al., 2002). 



67 

 

- Isotype control antibodies: These are against CD3 and CD14 [Negative (control) 

selection] (Furness et al., 2006; Kelly et al., 2013; Lemmon et al., 1992; Marsee et al., 

2010; Okuno et al., 2002; Toba et al., 2001).  

The following chemicals and reagents were used for detection of CD34+-derived 

EPCs surface markers and were kept at temperature (s) recommended by the 

manufacturer: 

 

Chemical/Reagent Catalog 

number 

Manufacturer 

Human anti-CD 34+ antibody 555820 Becton Dickinson (BD) Holdings, PTE, LTD, USA 

Human anti-CD 71+ antibody (Hu CD71 

PE M-A712) 

555534 Becton Dickinson (BD) Holdings, PTE, LTD, USA 

Human anti-CD 235a (Glycophorin A, 

GPA)+ antibody (Hu CD235a PE GA-

R2 (HIR2) 

555570 Becton Dickinson (BD) Holdings, PTE, LTD, USA 

Human anti-CD 3+ PE, FITC antibody 

(Hu/NHP CD3 PE SP34-2) 

552127 Becton Dickinson (BD) Holdings, PTE, LTD, USA 

Human anti-CD 14+ antibody (Hu CD14 

PE M5E2) 

555398 Becton Dickinson (BD) Holdings, PTE, LTD, USA 

Paraformaldehyde P6148 Sigma-Aldrich, USA 

Bovine serum albumin (BSA) B14 Thermo Fisher Scientific, USA 

Goat serum G9023 Sigma-Aldrich, USA 

Tween 20 P1379 Sigma-Aldrich, USA 

Trypsin-EDTA (0.25%)  25200056 Gibco, USA 

0.1 Triton X-100 T8787 Sigma-Aldrich, USA  

4, 6-diamidino-2-phenylinode (DAPI) 157574 MP Biomedical Inc., USA 

 

2.5.3.1 Procedure 

The procedure involved the following: 

-  Blocking agent: It was filtered IX PBS containing 02% bovine serum albumin 

(BSA), 02% Goat serum and 01% Tween-20. This was also used for diluting 

primary antibodies. 

 

- Dilution of Primary antibodies 
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Using Blocking agent as the medium, the primary antibodies were diluted 1:50 

and the isotype control antibodies were diluted 1:200 

-  Isolated CD34+-derived EPCs were washed with 250 µl of IX PBS twice. Cells 

were then detached with 0.25% Trypsin-EDTA by incubating at 370 C for 5 

minutes. Once the cells were detached, cell suspension was transferred from the 

well into a 15 ml falcon tube. Centrifugation of the tube was done at 1000 rpm 

for 08 minutes and supernatant was discarded and cell pellet was resuspended in 

1 ml of fresh DMEM containing erythroid expansion supplement. A 24-well 

culture plate was taken and an autoclaved coverslip was placed in each of the 

well with the help of sterile forceps. EPCs in suspension were added on to each 

coverslip. Cells were allowed to seed for two days so that they could attach to the 

coverslips. On Day 3, medium was removed and discarded. After washing the 

cells twice with 1 ml IX PBS, these were fixed by adding 250 µl of 04% 

paraformaldehyde in each well for 10 minutes. Cells were then washed 3 times 

with IX PBS and then 0.1% Triton X-100 (250 µl) was added for 10 minutes to 

increase the permeability of cells. Cells were again washed with IX PBS for 3 to 

5 times. Blocking solution (250 µl) was added onto the slide for 01 hour at 370C. 

Primary antibody (250 µl, 1:50 dilution) was added to each well and incubated 

overnight at 040C. On Day 2, primary antibodies were removed by washing cells 

5 times with IX PBS for 05 minutes each time. This was followed by addition of 

isotype control antibodies in dilution of 1:200 in the blocking solution to each 

well. Culture plate was then incubated for 02 hours at 370C in humidified 

incubator. Slides were washed 5 times with 1X PBS for 05 minutes each time. 

Fresh working 4, 6-diamidino-2-phenylinode (DAPI) solution (0.5 µg/ml) in a 

volume of 250 µl was added into each well to stain cell nuclei and incubated at 

room temperature for 10 minutes. After that each well was washed 5 times with 
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IX PBS for 05 minutes. Cover slip was placed on slides. The cells were then 

examined under the fluorescence microscope. The above mentioned procedure 

was needed to confirm that the isolated cells were CD34+-derived EPCs positive 

for Glycophorin A and CD71, while negative for CD3 and CD14. The desirable 

purity of isolated CD34+-derived EPCs was more than 95%. 

 

2.5.4.0 In vitro culture (expansion) of isolated CD34+-derived EPCs obtained 

from human PBMNCs 

2.5.4.1 Procedure 

The isolated and purified CD34+-derived EPCs were cultured from day zero to 

day 7th up to a density of 2 - 4 x 105 cells/ml in DMEM supplemented with 10% FBS, 

100 unit/ml penicillin, 100 µg/ml streptomycin, and 100X StemSpanTM erythroid 

expansion supplement at 37oC in a high-humidity, 05% CO2, 95% air incubator 

(Kheansaard et al., 2011; Tanyong et al., 2015; Xio et al., 2002; Yu et al., 2007). 

Cultured cells were observed daily for any phenotypic (morphological) change and 

any change in cell count using an inverted microscope. Cells were nourished every 

alternate day with fresh DMEM supplemented with 10% FBS, 100 unit/ml penicillin, 

100 µg/ml streptomycin and 100X StemSpanTM erythroid expansion supplement and 

the culture was maintained till Day 7. On day 7, cultured cells were again examined 

for any phenotypic (morphological) change or any change in cell count in an inverted 

microscope. During the culturing of cells, the culture medium and the erythroid 

growth factors were replaced every 2-3 days and the density of the cells was 

maintained at 2 - 4 x 105 cells/ml. Total numbers of cells and the numbers of viable 

cells were counted in hemocytometer under the inverted microscope. As soon as the 

cell culture flask was confluent, the cells were proceeded for the treatment with TNF-

α, vitamin E and EPO.  
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2.5.5.0 Treatment of isolated and cultured CD34+-derived EPCs obtained from 

human PBMNCs with or without TNF-α, vitamin E and EPO 

           TNF-α is a known human erythroid progenitor cell apoptosis-inducing drug 

(Secchiero et al., 2004; Tanyong et al., 2015), while EPO is an established human 

EPCs’ apoptosis-preventing agent (Drean et al., 2005). These two agents having 

influence on apoptosis were used in our in vitro study.  

• CD34+-derived EPCs were isolated from human peripheral whole blood samples 

obtained from apparently healthy human donor (s) and then cultured in serum free 

DMEM to examine the effects of treatment with TNF-α, vitamin E and EPO on 

apoptosis of these cells.  

• Isolated CD34+-derived EPCs were cultured in a well (three independent 

experiments) in serum-free DMEM with or without erythroid expansion 

supplement and other erythroid growth factors in presence of TNF-α, vitamin E or 

erythropoietin. The percent apoptosis of treated EPCs was measured using 

annexin V and PI staining by flow cytometry. 

• As double labeling was applied to stain CD34+-derived EPCs, compensation 

between channel 1 of flow cytometer (FL-1) and channel 2 of flow cytometer (FL-

2) was carried out to decrease the effects of spectral overlap (Koopman et al., 

1994). 

The following chemicals and reagents were used in these experiments as shown in the 

table given on the next page: 

 

Chemical/Reagent Catalog 

number 

Manufacturer 

Recombinant human TNF-α PHC3015 Thermo Fisher Scientific, USA 

 

Recombinant human EPO, Epokine; 10000 IU/ml) 023632 RG Pharmaceutica PVT, LTD,  

Pakistan 
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Vitamin E (α-tocopherol type VI, from vegetable oil) T1539 Sigma-Aldrich, USA  

Annexin V FITC apoptosis detection kit 556419 Becton Dickinson Holdings, PTE, 

LTD, USA 

Propidium iodide (PI) 11348639001 Sigma-Aldrich, USA 

 

10 X Annexin V binding buffer (contains 0.1 M  

Hepes at pH 7.4, 1.4 M NaCl, 25 mM CaCl2) 

556454 Becton Dickinson Holdings, PTE,  

LTD, USA 

 

The following pieces of equipment were used: 

-  Epics elite ESP flow cytometer [Coulter Co., Miami FL/BD Biosciences, USA: 

It detects green fluorescence (530 nm) emitted by annexin V-FITC at FL-1 

channel and orange-red fluorescence (585 nm) emitted by PI at FL-2 channel 

-  BD CellQUEST Prosoftware (BD Bioscience, USA: It is a data acquisition and 

analysis program used for FACS Calibur flow cytometer). 

 

2.5.5.1 Procedure 

-  Cultured CD34+-derived EPCs (2 - 4 x 105 cells/ml) were incubated at 370 C in 

05% CO2 in DMEM along with TNF-α at concentrations- zero, 10, 50 and 100 

ng/ml in DMEM supplemented with 10% FBS, 100 unit/ml penicillin, 100 µg/ml 

streptomycin, and 100X StemSpanTM erythroid expansion supplement for 24-

hours. Percent early and late apoptosis of CD34+-derived EPCs induced by zero, 

10, 50 and 100 ng/ml of TNF-α were determined after 24-hour of incubation. After 

this preliminary experiment, the maximum % apoptosis of CD34+-derived EPCs 

induced by TNF-α was observed at a dose of 100 ng/ml.  

-  The CD34+-derived EPCs were then incubated with vitamin E at various 

concentrations (zero, 10, 50 and 100 µg/ml) or EPO (zero, 10, 50 and 100 IU/ml) 

to determine the maximum concentrations of drug (vitamin E or EPO) producing 

maximum inhibition of apoptosis of treated EPCs. 
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-  The CD34+-derived EPCs were incubated at 370C in 05% CO2 in DMEM with 100 

µg/ml of vitamin E (Asadi et al., 2012; Bichay et al., 1986; Geisser et al., 1994; 

Sing et al., 2011) in three separate wells for 4 hours before adding 100 ng/ml of 

TNF-α in each of the respective wells.  

-  Similarly CD34+-derived EPCs were incubated at 370C in 05% CO2 in DMEM 

with 100 IU/ml of EPO (Johnson et al., 1990) in three separate wells for 4 hours 

before adding 100 ng/ml of TNF-α in each of the respective wells. The CD34+-

derived-EPCs treated with vitamin E or EPO and TNF-α were incubated for 24-

hours. 

 

2.5.6.0 Determination of apoptosis of CD34+-derived EPCs treated with               

vitamin E or EPO using flow cytometry 

 Apoptosis of CD34+-derived EPCs treated with vitamin E or was assessed by 

using FITC-annexin V and PI-according to the manufacturer’s instructions using flow  

cytometer and CellQUEST software (Raynal et al., 1994; Van England et al., 1996).  

For this, CD34+-derived EPCs were washed twice with cold PBS and then  

resuspended in 200 µl of 1X annexin V binding buffer for 30 minutes at room  

temperature at a concentration of 1 - 2 x 106 cells/ml. Five μl of FITC-conjugated  

annexin V was added to 100 µl of cell suspension in a culture tube along  

with 05 μl PI (from a 250 µl stock solution). Cells were vortexed gently and  

incubated for 15 minutes in darkness at room temperature. Annexin V FITC/PI  

stained fraction of CD34+-derived EPCs were analyzed immediately by flow  

cytometry on a FACS Calibur instrument. Results were analyzed using the  

CellQUEST software.  
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2.5.6.1 Quantification of percent apoptotic CD34+-derived EPCs  

- Quantification of percentage of CD34+-derived EPCs that were induced to 

undergo apoptosis under the influence of TNF-α was done by subtracting the 

percentage of apoptotic CD34+-derived EPCs in the untreated population from the 

percentage in the treated population. For one single analysis, the fluorescence 

properties of 10,000 events within gates were recorded. It is to be noted that viable 

cells were annexin V–ve/PI–ve, early apoptotic cells were annexin V+ve/ PI–ve, 

while annexin V+ve/ PI+ve cells were in late apoptosis. Cells which were PI+ve 

only were just random dead cells.  

-  Positioning of quadrants (based on biological control) on annexin V/PI plots was 

performed to distinguish healthy viable CD34+-derived EPCs, early apoptotic  

CD34+-derived EPCs, late apoptotic CD34+-derived EPCs and dead CD34+-

derived EPCs. 

Upper right quadrant 

(cells in late apoptosis) 

Upper left 

quadrant 

(dead cells) 

Lower right quadrant 

(cells in early apoptosis) 

Lower left 
quadrant          
(viable cells) 

Upper right quadrant 

(cells in late apoptosis) 

P
I 

Annexin V 
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Cells in the: 

- lower right (LR) quadrant are in early (pro) apoptosis and thus, annexin V+ve/ 

PI–ve 

- upper right (UR) quadrant are in late apoptosis and thus, annexin V+ve/ PI+ve 

- upper left quadrant are dead and thus, annexin V-ve/ PI+ve 

- lower left (LL) quadrant are healthy alive (viable) cells and thus, annexin V-

ve/ PI-ve 

 

2.6.0 Statistical analysis 

The statistical analysis of our data was done using the Statistical Package for 

Social Sciences (SPSS) software, version 19 (Apache Software Foundation, USA). 

Two-way Analysis of Variance (Two-way ANOVA) with replacement was used to 

find out the mean difference of the effects of treatment with EPO and vitamin E on 

TNF-α-induced early and late apoptosis and the interaction of these drugs/ 

physiological compounds and apoptotic status of CD34+-derived EPCs isolated from 

PBMNCs from apparently healthy adult volunteers. The results are expressed as 

means ± SD. A value of p < 0.05 was considered statistically significant. 

F statistic and p value were obtained by using Two-way ANOVA with 

replacement to study the effect of increasing concentrations of drugs/ physiological 

compounds (EPO or vitamin E) on early and late apoptosis. 

 

 

 

  



75 

 

2.7.0 Results 

2.7.1 Isolation, purification and apoptosis of CD34+-derived EPCs 

-   The cultured CD34+-derived EPCs were isolated and observed under the 

microscope. They appeared as numerous mononuclear cells having regular 

complete cell membrane and round nuclei (Figure 2.1). These CD34+-derived 

EPCs were found to be positive for erythroid-specific markers such as CD34, 

CD71 and CD235a (Glycophorin A, GPA) (Figures 2.2, 2.3 and 2.4). Average 

number of cells positive for CD34, CD71 and GPA were 96%, 78% and 84% 

respectively (Figures 2.2, 2.3 and 2.4). In addition, we found these cells to be 

negative for non-erythroid markers such as CD3 and CD14 (Figures 2.5 a and 2.5 

b). Based on these data, the purity of CD34+-derived EPCs was found to be 95-

98% and more than 80% of these cells were expressing CD71 and GPA while all 

were negative for CD3 and CD14. Thus, we used CD34+-derived EPCs for 

furthure analysis.  

         We tested the effect of TNF-α with and without growth factors. Less numerous 

EPCs can be seen when cultured witout growth factors in the presence of 20 

ng/ml TNF-α (Figure 2.6 a) and 100 ng/ml TNF-α (Figure 2.7 a). In contrast, we 

found heavy growth of EPCs in the presence of growth factors and 20 ng/ml 

TNF-α (Figure 2.6 b) and 100 ng/ml TNF-α (Figure 2.7 b). 

 

2.7.2 Effect of increasing concentrations of vitamin E and EPO 

2.7.2 Effect of increasing concentrations of vitamin E and EPO on TNF-α-

induced apoptosis of CD34+-derived EPCs 

• Table 2.1 shows the effect of in vitro treatment (24 hours) of cultured CD34+-

derived EPCs with increasing doses (zero, 10, 50 and 100 ng/ml TNF-α) alone on 

the early and late apoptosis of EPCs. In a dose-dependent manner TNF-α 
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increased percent early apoptosis of treated EPCs from 4.5% to 58.7%. However, 

treatment of cultured EPCs resulted in an increased percent late apoptosis from 

2.3% to 8.9%. Since, the maximum percent apoptosis of CD34+-derived EPCs 

was at TNF-α concentration of 100 ng/ml, this concentration was chosen to study 

any protective effect of vitamin E on apoptosis of CD34+-derived EPCs.  

 

• Table 2.2 shows the effect of increasing concentrations of vitamin E or EPO on 

TNF-α-induced mean percent cell apoptosis of CD34+-derived EPCs isolated 

from human PBMNCs. As shown in Table 2.2, vitamin E decreased the TNF-α-

induced apoptosis of CD34+-derived EPCs with maximum effect at a 

concentration of 100 µg/ml. The mean percentage of early apoptosis decreased 

from 58.7% to 25.2% at that concentration of vitamin E, while mean percentage 

of late apoptosis dropped from 8.9% to 2.7%. Since EPO is a known anti-

apoptotic agent, it was used as a positive control. At its maximum concentration 

of 100 IU/ml in this study, the mean percentage of early apoptosis decreased 

from 58.7% to 5.3%, while mean percentage of late apoptosis dropped from 8.9% 

to 0.8%. As evident from Table 2.2: 

- There is a marginal difference in the mean percentage of TNF-α-induced 

apoptotic CD34+-derived EPCs isolated in early and late apoptosis by EPO 

treatment (p value= 0.050), which is slightly higher in early as compared to 

late apoptosis. However, there is a significant difference in the mean 

percentage of TNF-α-induced apoptotic CD34+-derived EPCs in early and 

late apoptosis by vitamin E treatment (p value= 0.008), which is higher in 

early apoptosis as compared to late apoptosis. 
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- There is no significant difference in the mean percentage of TNF-α-induced 

apoptotic CD34+-derived EPCs in a concentration-dependent manner after 

their treatment either with vitamin E (p value= 0.303) or EPO (p value= 

0.363)  

- There is a significant difference in the mean percentage of TNF-α-induced 

apoptotic CD34+-derived EPCs by vitamin E treatment or EPO treatment, 

when analyzed for a statistical interactive effect on early and late apoptotic 

phases and drug/ physiological compound concentration (p value < 0.001). 

 

 

2.7.3 Effect of vitamin E (100 µg/ml) and EPO (100 IU/ml) on mean absolute 

counts of CD34+-derived EPCs undergoing TNF-α-mediated apoptosis 

Table 2.3 shows the effect of vitamin E (100 µg/ml) or EPO (100 IU/ml) on 

mean absolute counts of CD34+-derived EPCs undergoing TNF-α-mediated apoptosis. 

Results indicate that vitamin E and EPO decreased the mean absolute cell counts of 

CD34+-derived EPCs in both early and late apoptosis. Decrease was more prominent 

in early apoptosis as compared to late apoptosis. EPO decreased the mean absolute 

counts of apoptotic CD34+-derived EPCs relatively more than vitamin E in both early 

and late apoptosis.  

 

2.7.4 Effect of vitamin E (100 µg/ml) and EPO (100 IU/ml) on TNF-α (100 

ng/ml)-induced apoptosis of CD34+-derived EPCs  

In order to study the interactive effect of vitamin E or EPO on early and late 

apoptosis of CD34+-derived EPCs using their mean absolute cell counts, a Two-way 

ANOVA with replacement was applied. Table 2.4 shows the effect of EPO (100 
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IU/ml) and vitamin E (100 µg/ml) on mean absolute cell count of CD34+-derived 

EPCs and interactive effect of early and late apoptosis and drug type. There is a 

difference in absolute cell counts of TNF-α-induced apoptotic CD34+-derived EPCs in 

early and late apoptosis (p value= 0.042), which is higher in early as compared to late 

apoptosis. Moreover, there is no significant difference in mean absolute cell counts of 

TNF-α-induced apoptotic CD34+-derived EPCs in early and late apoptosis by drug 

type  which is having a little higher mean among vitamin E group as compared to 

EPO group (p value= 0.131). No significant difference in mean absolute cell counts 

of TNF-α-induced apoptotic CD34+-derived EPCs was found when analyzed for a 

statistical interactive effect of early and late apoptotic phases and drug type (p value= 

0.711).  

 

2.7.5 Effect of vitamin E (100 µg/ ml) and EPO (100 IU/ml) on TNF-α (100 

ng/ml)-induced apoptosis on CD34+-derived EPCs (reconfirmation of previous 

results) 

In order to further confirm our results, the experiment was repeated using 

CD34+-derived EPCs from a different donor and employing dosages of vitamin E and 

EPO which were found to give maximum protective effects and studying the early 

and late apoptosis using flow cytometry. This experiment was done in the presence of 

erythroid expansion medium which also contains some EPO. Figure 2.8 illustrates the 

effects of vitamin E (100 µg/ ml) and EPO (100 IU/ml) on TNF-α (100 ng/ml)-

induced apoptosis on CD34+-derived EPCs isolated from human PBMNCs. The main 

findings include: 
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-  The percentage of early apoptotic CD34+-derived EPCs after treatment with 

TNF-α alone was 23.8%, while the percentage of late apoptotic CD34+ cells was 

9.9% 

-  Treatment of human CD34+-derived EPCs with EPO (100 IU/ml) resulted in a 

decrease in the percent cell early apoptosis to 1.25% ± 0.30% (mean ± SD from 

three independent experiments) and a decrease in percent cell late apoptosis to 

2.4% ± 0.22% (mean ± SD from three independent experiments) 

-  Treatment of human CD34+-derived EPCs with vitamin E (100 µg/ml) resulted in 

a significant decrease in the percent cell early apoptosis to 1.60% ± 0.18% (mean 

± SD from three independent experiments) and another significant decrease in 

percent cell late apoptosis to 2.6% ± 0.26% (mean ± SD from three independent 

experiments).  
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2.8.0 Discussion  

In the present study, we were able to show that vitamin E in an in vitro culture 

inhibited the TNF-α induced apoptosis of CD34+-derived EPCs and that could be one 

of the probable mechanisms by which this vitamin increases hemoglobin levels in 

supplemented subjects. Although various concentrations of vitamin E were used in this 

study, yet the inhibition of apoptosis was observable even at a small concentration of 

10 µg/ml (Table 2.2). The normal plasma/serum concentration of vitamin E in healthy 

human adults ranges from 5.0 µg/ml to 15.0 µg/ml (Farrell et al., 1978). This is 

suggestive that inhibition of apoptosis could be taking place in humans even at the 

normal plasma levels of this antioxidant vitamin.  

A number of studies have shown TNF-α, an inflammatory cytokine, as an 

inducer of apoptosis of EPCs (Tanyong et al., 2015; Papadaki et al., 2002), while 

erythropoietin is an effective anti-apoptotic biomolecule (Lui et al., 2006; Choi et al., 

2000). It is for this reason that TNF-α was used as an inducer of apoptosis  in CD34+-

derived EPCs and EPO was used as an anti-apoptotic drug/agent (positive control) in 

our experiments to find out the anti-apoptotic role of vitamin E on CD34+-derived 

EPCs. 

Inhibition of early apoptosis of EPCs was most pronounced at a dose of 100 

µg/ml of vitamin E (a decrease from 58.7% to 25.2%) when the cells were pre-

incubated for 4 hours before the addition of TNF-α. Similar results were obtained by 

Yano et al who showed that pre-incubation of human monocytic  U937  cells with 

vitamin E (0.5 mmol/l) for 24 hours reduced TNF-α (0.5 µg/l, 2 µg/l and 100 µg/l)-

induced percent cell apoptosis from 20.9%± 1.2% to 13.5%± 2.6% at 0.5 µg/l, 28.8.%± 

1.0% to 22.2%± 1.6% at 2 µg/l and 15.3%±1.7% to 8.5%± 1.2% at 100 µg/l (Yano et 

al., 2000). However, the results of a study by Bergman et al which was carried out to 
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examine the effect of in vitro treatment of vitamin E (0.125 mg/ml) for 24 hours on 

apoptosis in peripheral blood  mononuclear cells (PBMNCs) from healthy volunteers 

failed to show any significant change in the percent apoptosis of treated cells (Bergman 

et al., 2004). This could be because of the reason that these investigators examined the 

anti-apoptotic effect of vitamin E on PBMNCs, while we investigated the anti-apoptotic 

effect of vitamin E on relatively well-defined CD34+- derived EPCs (that were found 

to be CD71+, GPA+, CD3- and CD14-). 

Our results pertaining to increasing concentrations of erythropoietin on TNF-α 

treated CD34+-derived EPCs are in accordance with the findings of a recent study 

carried out by Tanyong et al (2015) on CD34+-derived EPCs isolated from PBMNCs 

from both β-thalassemia patients and healthy subjects which showed that in vitro 

culturing of EPCs with erythropoietin (zero, 0.2, 2, 20 and 40 IU/ml) for 14 days 

reduced the percent cell apoptosis from 20% to 10% in EPCs from thalassemia patients 

and from 35% to 15% in healthy subjects (Tanyong et al., 2015). Similarly, another 

study showed that treatment of erythropoietin (10 IU/ml) alone for 16 hours 

significantly decreased the percentage of early and late apoptotic erythroid colony 

forming cells (ECFCs; identified on the basis of morphological features) isolated from 

PBMNCs from healthy Japanese volunteers from 47.6% and 13.9%  to 8.4% and 5.1%, 

respectively (Choi et al., 2000). 

Anti-apoptotic effect of vitamin E on CD34+-derived EPCs demonstrated in our 

study  is further supported by a couple of animal studies which showed that vitamin E 

decreased radiation-induced apoptosis of peripheral blood hematopoietic stem cells by 

inhibiting the activation of pro-apoptotic caspases (Satyamitra et al., 2012; Wambi et 

al., 2008). Moreover, pre-treatment of jejunal tissue slices with vitamin E was found to 

protect these cells against radiation-induced apoptosis (Singh et al., 2013). All these 
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reports lend credence to our findings and vitamin E does appear to have a protective 

effect against apoptosis of EPCs, which could explain the increased levels of 

hemoglobin in humans supplemented with vitamin E.  

The mechanism by which vitamin E could be attenuating TNF-α induced 

apoptosis in CD34+ derived EPCs can be explained on the basis of the proposed 

mechanism by Yano et al in their study on human monocytic U937 cells (Yano et al., 

2000). Vitamin E being lipophilic and an antioxidant vitamin would get into the EPCs 

during the 4-hour pre-incubation phase and suppress lipid peroxidation in these cells. 

Addition of TNF-α would stimulate the generation of reactive oxygen species which 

could then be scavenged by vitamin E, a well-known scavenger of oxygen free radicals. 

Therefore, these two major biological effects of vitamin E are, perhaps, responsible for 

attenuation of TNF-α induced apoptosis in EPCs.  

 

There are certain limitations of this study as well. Relatively limited number of 

absolute cell counts of viable CD34+-derived EPCs were observed in in vitro tissue 

culture at the time of drug treatment. However, the purity of these CD34+-derived EPCs 

(as determined by immunofluorescence microscopy) was greater than 95%. We did not 

specifically select for CD34+ CD38- cells, instead used MACS enriched CD34+ cells to 

derive EPCs. Therefore some of the selected CD34+ cells might be CD38+ (relatively 

less committed hematopoietic progenitor cells) which can affect the number of CD34+-

derived EPCs in our in vitro culture system. We think that this is a possible explanation 

for an increase in variability of the number of cells rescued from undergoing apoptosis 

by vitamin E in various independent experiments.  
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One of the limitations of this study was the focus only on TNF-α and EPO as 

pro- and anti-apoptotic factors. As discussed earlier, some of the human and animal 

studies had suggested that pre-treatment with vitamin E resulted in decreased gene 

expression of Bax, release of Cytochrome c from the mitochondria and the activation 

of some of the pro-apoptotic caspases in the studied apoptotic cells (An et al., 2014; 

Asadi et al., 2012; Chein et al., 2011; Makpol et al., 2012; Ramanathan et al., 2005; 

Singh et al., 2013). Thus, one of the ways forward in relation to our present study is to 

find out the underlying molecular mechanism(s) of this decrease in apoptosis of 

human CD34+-derived EPCs by vitamin E treatment by further exploring the effect of 

vitamin E on the other pro- and/ or anti-apoptotic proteins which are known to 

regulate apoptosis in EPCs.  
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Conclusion 

The study showed a positive role of vitamin E supplementation in improving 

blood hemoglobin levels in apparently healthy mildly anemic Pakistani adults and the 

probable mechanism of this action of vitamin E seems to be through inhibition of 

apoptosis of the CD34+-derived EPCs. 
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List of Tables 

 

Table 1.1: Biomarkers, kit numbers and the manufacturers 

Biomarker Kit number Manufacturers 

Folate 04476433190 Roche Diagnostics, USA 

Ferritin 03737551190 Roche Diagnostics, USA 

sTfR* 12148315122 Roche Diagnostics, USA 

Total cholesterol 04718417190 Roche Diagnostics, USA 

LDL-cholesterol 05401682190 Roche Diagnostics, USA 

HDL-cholesterol 05401488190 Roche Diagnostics, USA 

Triglycerides 04657594190 Roche Diagnostics, USA 

Creatinine 05401755190 Roche Diagnostics, USA 

Glucose 04657527190 Roche Diagnostics, USA 

Total antioxidant status NX2332 RANDOX Laboratory, 

UK 

Erythropoietin DEPOO R&D Systems, 

Minneapolis, USA 

* sTfR: Soluble Transferrin Receptor 
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Table 1.2: Baseline demographic characteristics of participants who completed 

the trial  

Variable  Frequency (%) Mean±SD* 

 Control 

Group 

(Placebo) 

Intervention 

Group 

(Vitamin E) 

Control 

Group 

(Placebo) 

Intervention 

Group 

(Vitamin E) 

Gender      

- Males 26(83.9) 42(76.4)   

- Females 5(16.1) 13(23.6)   

- Total 31(100) 55(100)   

Age (years)     

- Males   31.31±6.22 32.36±7.97 

- Females   28.40±2.3 36.31±6.66** 

- Overall   30.84±5.84 33.29±7.81 

BMI (kg/m2)     

- Males    27.80±1.41 28.32±1.86 

- Females   28.10±2.72 27.96±3.20 

- Overall   27.90±1.63 28.23±2.22 

*Mean values of the two groups were compared using Independent samples t-test 

**p value = 0.02     
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Table 1.3: Baseline demographic characteristics of the adults who dropped out 

Variable  Frequency (%) Mean±SD* 

 Control 

Group 

(Placebo) 

Intervention 

Group 

(Vitamin E) 

Control 

Group 

(Placebo) 

Intervention 

Group 

(Vitamin E) 

Gender      

- Males 05 (45.5) 11 (40.8)   

- Females 06 (54.5) 16 (59.2)   

- Total 11 (100) 27 (100)   

Age (years)     

- Males   30.80±7.30 31.74±8.62 

- Females   27.96±1.50 34.62±0.30** 

     

BMI (kg/m2)     

- Males    28.04±0.14 28.16±1.34 

- Females   28.18±0.02 28.10±1.20 

     

* Mean values of the two groups were compared using Independent samples t-test 

** p value = 0.02 
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Table 1.4: Normal blood levels of various parameters in healthy adults as per 

AKUH Clinical Laboratory reference criteria  

Blood parameter Normal adult human blood level 

Ferritin (ng/ml)                                                                     

Male:                                                                                          

Female: 

                                                                                     

28-365                                                                             

5-148 

 

Folate (ng/ml)  2.6-12.2 

Vitamin B12 (pg/ml)  > 200 

sTfR (µg/ml)  < 10 

Erythropoietin (IU/ml)                                  4.1-19.5  

Creatinine (mg/dl)                                                                       

Male:                                                                                             

Female: 

                                                                                             

0.9-1.3                                                                                 

0.6-1.1 

 

Total cholesterol (mg/dl) < 200 

HDL-cholesterol (mg/dl) > 50 (females), > 40 (males) 

LDL-cholesterol (mg/dl) < 130 

Triglyceride (mg/dl) < 150 

Fasting glucose (mg/dl) < 100 
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Table 1.5: Concentrations of various biomarkers in serum/blood of adults with mild anemia before and after supplementation with vitamin 

E 

Biomarker 

Control Group (n=31) Intervention Group (n=55)    

 

Baseline             

      

End line 

Before 

supplementation 

After 

supplementation 

P value* 

     Timea Groupb Time x 

Groupc 

Vitamin E (µg/ml) 13.1±5.5 12.7±6.7 11.7±5.9 15.3±8.1 0.045 0.643 0.01 

Hemoglobin (g/dl) 12.78±1.32 12.38±1.4 12.49±1.43 13.09±1.49 0.049 0.516 <0.001 

Folate (ng/ml) 5.30±3.15 5.88±3.32 6.1±3.48 8.37±11.1 0.183 0.026 0.429 

Vitamin B12 (pg/ml) 303±133 284±112 269±140 310±129 0.330 0.870 0.011 

Ferritin (ng/ml) 51±54 56±59 48±49 55±56 0.396 0.612 0.747 

sTfR (µg/ml) 5.5±3.8 4.9±3.6 5.6±4.9 4.8±2.7 0.066 0.980 0.799 

sTfR/Ferritin 450±610 534±960 1162±5417 635±1848 0.512 0.537 0.367 

Erythropoietin (mIU/ml) 10.72±7.13 12.54±14.55 14.8±13.6 13.7±10.1 0.902 0.263 0.129 

TAS (mmol/l) 0.787±0.32 1.02±0.46 0.947±0.32 0.99±0.37 0.001 0.344 0.033 

Cholesterol (mg/dl) 144±37 144±36 150±40 146±35 0.501 0.61 0.457 

Triglycerides (mg/dl) 111±68 104±48 139±86 125±68 0.169 0.093 0.608 

HDL-cholesterol (mg/dl) 41.2±12.3 37.7±11.2 35.9±9.7 33.1±8.5 0.04 0.013 0.683 
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LDL-cholesterol (mg/dl) 90±34 9.2±33 95±33 90±31 0.523 0.785 0.151 

Creatinine (mg/dl) 0.7±0.17 0.78±0.15 0.63±0.22 0.79±0.2 <0.001 0.326 0.128 

Glucose (mg/dl) 85±10 83±12.4 96±30 95±39.9 0.568 0.025 0.300 

Timea: Within subject change in both intervention subjects and controls 

Groupb: Between subjects of Intervention group and Control group 

Time x Groupc: Interaction between Time and Group 

*p value compares the pre-and post-supplementation values by repeated measures ANOVA for within subjects, between subjects and 

their interaction.  A p value < 0.05 was considered significant 
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Table 1.6: Effect of different factors particularly vitamin E supplementation on 

post-supplemental blood hemoglobin levels using multiple linear regression   

Variable 
Crude 

β[SE(β)]* 

Adjusted1 

β[SE(β)]* 

Vitamin E supplemented  0.702[0.263] 0.983[0.095] 

Placebo (Ref)**   

Gender   

- Female 

- Male (Ref) 

-2.922[0.239] -0.656[0.244] 

Erythropoietin -0.04[0.013] -0.004[0.005] 

sTfR2 -0.235[0.048] -0.060[0.020] 

Hb level (at baseline) 0.965[0.051] 0.768[0.077] 

Constant  3.022[1.071] 

R2  0.923 

1. The model has been adjusted for post-supplemental vitamin E levels, gender, 

serum concentrations of erythropoietin and sTfR and baseline hemoglobin levels. 

2. sTfR: Soluble transferrin receptor 

* β[SE(β)] refers to regression coefficient with its standard error 

** Ref. indicates the reference group category in regression 
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Table 2.1: Effect of increasing concentrations of TNF-α alone on mean percent cell 

apoptosis of CD34+-derived EPCs isolated from human PBMNCs 

 

TNF-α (ng/ml)                Apoptosis (%± SD) 

 Early                                       Late 

0  4.5± 2.30 2.3± 1.80 

10  32.4± 5.34 1.8± 1.60 

50  44.5± 1.38 1.3± 1.42 

100  58.7± 4.87 8.9± 3.43 
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Table 2.2: Effect of increasing concentrations of vitamin E and EPO on TNF-α-induced mean percent cell apoptosis of CD34+-derived 

EPCs isolated from human PBMNCs 

Drug/ 

Physiological 

compound 

Concentration Apoptosis (%± SD)                            F statistic (p value)* 

  Early  Late Concentration  Apoptosis 

status 

Concentration 

* Apoptosis 

status 

EPO 0 (IU/ml) 58.7± 4.87 8.9± 3.43 1.55 (0.363) 10.1 (0.050) 73.2 (< 0.001) 

10 (IU/ml) 55.3± 5.80 3.5± 0.88  

50 (IU/ml) 35.9± 1.94 3.5± 0.79 

100 (IU/ml) 5.3± 1.81 0.8± 0.70 

Vitamin E 0 (µg/ml) 58.7± 4.87 8.9± 3.43 1.91 (0.303) 38.3 (0.008) 17.6 (< 0.001) 

10 (µg/ml) 47.1± 1.25 5.3± 1.10 

50 (µg/ml) 38.3± 3.33 6.8± 1.49 

100 (µg/ml) 25.2± 4.70 2.7± 1.93 

* F statistic and p value were obtained by using Two-way analysis of variance (Two-way ANOVA) with replacement to study the effect of 

increasing concentrations of drugs/ physiological compounds (EPO or vitamin E) on early and late apoptosis and statistical interaction between 

increasing concentrations of drugs/ physiological compounds and early or late apoptosis
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Table 2.3: Effect of vitamin E (100 µg/ml) and EPO (100 IU/ml) on mean absolute 

counts of CD34+-derived EPCs undergoing TNF-α-mediated apoptosis 

 

Condition Absolute counts 

(number) of cells 

undergoing early 

apoptosis (Mean ± SD) 

Absolute counts 

(number) of cells 

undergoing late 

apoptosis (Mean ± SD) 

TNF-α            966 398 

EPO (Experiment 1) 40 107 

EPO (Experiment 2) 73 107 

EPO (Experiment 3) 53 120 

EPO (Mean) 55 (± 16) 111 (± 07) 

Vitamin E (Experiment 1) 67 134 

Vitamin E (Experiment 2) 68 100 

Vitamin E(Experiment 3)  92 140 

Vitamin E (Mean)  75 (± 14) 124 (± 21) 
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Table 2.4: Effect of vitamin E (100 µg/ml) and EPO (100 IU/ml) on mean absolute 

cell counts of CD34+-derived EPCs undergoing TNF-α (100 ng/ml)-induced 

apoptosis 

Drug/ 

Physiological 

compound 

Absolute cell count 

(Mean ± SD) 

F statistic (p value)* 

 Early 

Apoptosis 

Late 

Apoptosis 

Drug type/ 

Physiological 

compounds 

Apoptosis 

status 

Drug type/ 

Physiological 

compounds * 

Apoptosis 

status 

23.13 (0.131) 225.00 

(0.042) 

0.147 (0.711) 

Erythropoietin 55± 16 111± 7 

Vitamin E 75± 14 124± 21 

 

* F statistic and p value were obtained by using Two-way analysis of variance (Two-

way ANOVA) with replacement to study the effect of Drug type/ Physiological 

compounds (EPO or vitamin E) on early and late apoptosis and statistical interaction 

between Drug type/ Physiological compounds and early or late apoptosis. 
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List of Figures 

Figure 2.1: Image of cultured CD34+-derived EPCs with erythroid expansion 

supplement under inverted microscope at magnification of 20 X 

 

The image above is showing numerous mononuclear cells having regular complete  

cell membrane and round nuclei. 
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Figure 2.2: Image of CD34+-derived EPCs. Purification was carried out using anti-

human CD34+ PE antibody using fluorescence microscope at magnification of 20 

X  

 

CD34+-derived EPCs can be seen as emitting bright fluorescence signals after binding 

with their counter antibody.  
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Figure 2.3: Image of purified CD71+ EPCs using anti-human CD71+ PE antibody 

under fluorescence microscope at magnification of 20 X 

 

 CD71+ EPCs are visualized as bright fluorescent cells after binding with their 

corresponding anti-human CD71+ antibody. 
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Figure 2.4: Image of Glycophorin A+ EPCs using anti-human CD235a  

(Glycophorin A, GPA)+ PE antibody using fluorescence microscope at  

magnification of 20 X      

   

Glycophorin A+ EPCs are identified as bright fluorescent cells after binding with  

anti-human CD235a (Glycophorin A, GPA)+ antibody. 
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Figure 2.5:  

a) Image of EPCs stained with anti-human CD3 PE antibody (nucleus stained in  

blue color) using fluorescence microscope at magnification of 20 X      

 

EPCs donot emit fluorescence signal as they donot bind to anti-human CD3 antibody. 

This also excludes the contamination with CD3+ cells. 

b) Image of EPCs stained with anti-human CD14 PE antibody (nucleus stained 

in blue color) using fluorescence microscope at magnification of 20 X 

 

EPCs cannot be visualized as they fail to bind with anti-human CD14 antibody, also 

excluding the presence of any other CD14+ cells. 
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Figure 2.6: Effect of TNF-α (20 ng/ml) on viability of CD34+-derived EPCs in the 

presence or absence of erythroid growth factors (erythroid expansion 

supplement) using inverted microscope at magnification of 40 X 

 

a) Image of EPCs incubated with 20 ng/ml TNF-α without growth factors  

 

Less numerous EPCs can be seen when cultured without growth factors in the 

presence of TNF-α (20 ng/ml). 

 

b) Image of EPCs incubated with 20 ng/ml TNF-α with growth factors 

 

The culture shows heavy growth of EPCs when grown in the presence of growth 

factors and TNF-α (20 ng/ml). 
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Figure 2.7: Effect of TNF-α (100 ng/ml) on viability of CD34+-derived EPCs in 

the presence or absence of erythroid growth factors (erythroid expansion 

supplement) using inverted microscope at magnification of 40 X 

                                                                                                                                                 

a) Image of EPCs incubated with 100 ng/ml TNF-α without growth factors  

 
 

Excessive dead and dying EPCs can be seen in the culture without growth factors in 

the presence of TNF-α (100 ng/ml). 

 

b) Image of EPCs incubated with 100 ng/ml TNF-α with growth factors 

 

 

Optimum cell viability is seen when EPCs are cultured in the presence of growth 

factors and TNF-α (100 ng/ml). 
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Figure 2.8: Effect of vitamin E (100 µg/ ml) and EPO (100 IU/ml) on TNF-α (100 

ng/ml)-induced apoptosis on CD34+-derived EPCs (reconfirmation of previous 

results) 

 

Human CD34+-derived EPCs cells isolated from human PBMNCs were treated with 

vitamin E and/or EPO for 4 hours followed by the addition of TNF-α (100 ng/ml) in 

three independent experiments. Cells were then stained with annexin V-FITC and 

propidium iodide (PI) followed by analysis for early and late apoptotic cells by flow 

cytometry.  
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                               Consent form (Chapter 1) 
 

Project Information              S.No:        Gender: Male/ female 

Project Title: Role of vitamin E in enhancing erythropoiesis and the molecular 

mechanism of the action of vitamin E on erythropoietin-secreting cells 

Principal Investigator: Dr. Tanveer Jilani 

Assistant Professor, Dept. of BBS, Aga Khan University, 

Karachi. 

Research Supervisor: Prof. Dr. Mohammad Perwaiz Iqbal    

Dept. of BBS, Aga Khan University, Karachi.  

Organization:   Aga Khan University (Department of BBS), Karachi 

Location of research: Aga Khan University, Karachi. 

Telephone # (Principal Investigator): 1) 34864494 (AKU) 

                    2) 36687274 (Res) 

PURPOSE OF THIS RESEARCH STUDY: To see whether vitamin E enhances 

hemoglobin levels in apparently healthy and mildly anemic adults with basal borderline 

levels of hemoglobin. 

PERSONAL INFORMATION ABOUT STUDY SUBJECT: 

Name:                                                                           Age: 

Father’s/ Husband’s Name:        

Present Address: 

Telephone #. (if any), is asked to get himself to participate in the research study. 
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1. PROCEDURE OF THE STUDY: 

You will be asked to fill up a ‘research performa’ before the start of present study 

related to personal information. A history related to any of your previous disease, 

allergies (etc) will be taken. Your clinical examination will be carried out and recorded 

on the performa. 

Just before the start of the supplementation, a ten milliliter blood sample will be taken 

through a sterilized disposal syringe from your superficial vein. This blood sample will 

be stored in a deep freezer to be tested later for finding out your pre-supplemental blood 

levels of red blood cells, hemoglobin, vitamin E, vitamin B12, folic acid and 

erythropoietin. You will then be asked to ingest a capsule of 400 mg of vitamin E (for 

test group subjects) /or a placebo capsule (for control group subjects) each day, for a 

total of 12 weeks starting from day 1st of supplementation. You will be asked to come 

to the ‘MDL Laboratory’ of Department of BBS at Aga Khan University, Karachi in 

the 12th post-supplemental week, for providing a ten milliliter sample of your venous 

blood. After the analysis of pre-and post-supplemental blood samples, the principal 

investigator will inform you about the results of the present study through the contact 

telephone number/ present postal address as provided by you on the filled performa. 

During and after the study the principal investigator and the included study subjects 

will continuously remain in contact with each other on telephone or through the letter 

for assessment of the progress of study/ reporting and managing any extremely remote 

side effect of the given supplementation / or for treatment of any major illness to the 

subject occurring during the whole course of the present study. 

The total required dose of vitamin E / Placebo capsules and the transport expenses for 

coming to AKU each time for giving the blood samples will be provided by the 
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principal investigator to the included subject through the URC research funding granted 

by Research office, AKU, Karachi. 

2. POSSIBLE RISKS OF ADVERSE EFFECTS OF THE PRESENT STUDY: 

Studies carried out in the past suggest that the like hood of any serious adverse effects 

from such a routinely used daily dose (400 mg) of vitamin E and that too for a short 

period of time in apparently healthy subjects seems extremely remote. Thus, the 

possible risks of the present study are very low. 

3. POSSIBLE BENEFITS: 

Vitamin E is a known strong antioxidant for the defense of human body. As this vitamin 

is not routinely taken in an appreciable/ balanced amount in our usual diet, therefore 

vitamin E supplementation whenever given, will not only boost up your resistance 

against diseases but it may also prove to become effective for enhancing erythropoietin-

mediated red blood cell production. 

4. FINANCIAL CONSIDERATION: 

Other than performing the blood analysis of the included subjects and giving the 

transportation charges for coming to AKU for the blood samples, no other financial 

compensation will be provided to the study subjects by the principal investigator or 

AKU. 

5. AVAILABLE MEDICAL TREATMENT FOR ADVERSE EXPERIENCES: 

If unluckily any of the major side effects of the studied supplementation or any serious 

illness occur during or immediately after the end of supplementation it will be the moral 

and financial responsibility of the principal investigator for managing such incidences 

medically, at Aga Khan Hospital, Karachi.  
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6. CONFIDENTIALITY OF THE RESULTS: 

Your identity in this study will be treated as confidential. The results of the study, 

including laboratory or any other data, may be published for scientific purpose but will 

not give your name or include any identifiable references to you. However, any records 

or data obtained as a result of participation of yours in this study may be inspected by 

AKU ERC members. 

7. TERMINATION OF RESEARCH STUDY: 

You are free to choose whether or not to participate in this study. There will be no 

penalty if you choose not to get yourself to participate. You will be provided with any 

significant new findings during the course of this study that may relate to or influence 

your willingness to continue your participation in this event. If you decide to 

discontinue your participation in the study, please notify Dr. Tanveer Jilani (Principal 

investigator) on Telephone #. 34864494 (AKU) / 36687274 (Res), so that your 

participation can be orderly terminated. 

8. AVAILABLE SOURCES OF INFORMATION: 

Any further questions you have about this study will be answered by: Dr. Tanveer Jilani 

(Principal investigator) Phone #. Same as mentioned above. 

Questions you may have about your rights as a research subject will be answered by:  

Name: Dr. Tanveer Jilani 

Phone #. Same as mentioned above.  

In case of a research-related emergency, call:  

Day Emergency Number: 34864494 (office) 

Night Emergency Number: 36687274 (residence) 

Mobile number: 03002278114 
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9. AUTHORIZATION: 

I have read and understand this consent form, and I volunteer to get myself to participate 

in this research study. I understand that I will receive a copy of this form. I voluntarily 

choose my participation, but I understand that my consent does not take away any legal 

rights in the case of negligence or other legal fault of anyone who is involved in this 

study. I further understand that nothing in this consent form is intended to replace any 

applicable Federal, State or Local laws. 

Participant Name:      Principal Investigator 

Name:    

Dr. Tanveer Jilani 

Signature of participation     Principal Investigator 

Signature 

Date:        Date: 
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Proforma (Questionnaire) 

Name:              

S. No:             

Father’s/Husband name:          

Age/Date of Birth:            

Gender:             

Address:            

            

Telephone (Res/ mobile):             

Ethnic Origin:           

Education level:           

Monthly income per person in house  

(Total income/ No of persons in household):      

  

Note:  

The PI will remain in regular follow up contact with the study subjects throughout the 

study period. Telephonic contact will be made every week to ensure compliance. Thus, 

the diets of all of the subjects will be continuously closely monitored by cross checking 

during the weekly contacts of the PI with the study subjects. It will be ensured by the 

PI that both the test and control group subjects do not take any iron, vitamin E, any 

other erythropoiesis stimulant during this study period. It will also be made sure that 

there is no sudden increase in dietary iron or vitamin E in the form of iron or any other 

food.  
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History 

Diabetes mellitus      

High Blood Pressure      

Heart disease      

Parent’s history of any heart disease (If yes, at what age)      

Hyperlipidemia      

Obesity      

Sedentary life-style      

Any other major disease/ injury during last 5 years      

Weight (Kg)      

Height (meters)      

BMI (Kg/ m2)      

Any relevant parental history of any hematological disorder      

Cigarette/ Beedi Smoking      

Alcohol Consumption      

(No. of cigarettes/ Beedi per day)      

History of any drug of abuse      

(If yes, nature of drug and How many times per week)      

Vegetarian/Non-vegetarian      

Tobacco Chewing      

Niswar/ Gutka, if yes, how many times per week)      

Beetle nut chewing      

Liver Disease      

(If yes, how many times per week)      

Uremia      
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Cancer      

Psychiatric Illness      

Tuberculosis       

Folate, vitamin B12 & vitamin E supplementation during the last 6 months    

Use of any other vitamin during the last 6 months      

Regular use of any medication during the last 6 months      

 

(I) Pre-supplemental examination and Lab findings: 

a) Clinical Data 

Any symptoms of breathlessness, fatigue, dizziness etc. at rest/ or on physical 

Hemoglobin (g/ dl)      

Reticulocyte count (%)     

Hematocrit (%)   

b) Biochemical Data 

Blood glucose      

Serum erythropoietin      Serum Ferritin     

Serum vitamin E      

Lipid profile (if required)      

c) Red blood cell-related parameters 

RBC count       

Reticulocyte count      

PCV/ HCT      

e) Tests for exclusion of parasitic infestation (if required) 

Thick & Thin blood smear for malarial parasite (M.P, if required)     

Stool detail report (D/R, if required)      
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(II) Post-supplemental examination and Lab findings 

a) Clinical Data 

Any symptoms of breathlessness, fatigue, dizziness etc. at rest/ or on physical 

exertion       

Hemoglobin (g/ dl)      

Reticulocyte count (%)     

Hematocrit (%)     

b) Biochemical Data 

Blood glucose     

Serum erythropoietin      Serum Ferritin     

Serum vitamin E      

Lipid profile (if required)      

c) Red blood cell-related parameters 

RBC count      

Reticulocyte count      

Hematocrit      

e) Tests for exclusion of parasitic infestation (if required) 

Thick & Thin blood smear for malaria parasite (M.P, if required)     

f) Stool detail report (D/R, if required)      
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Consent form (Chapter 2) 

Project Information 

Project Title: EFFECT OF VITAMIN E ON APOPTOSIS OF ERYTHROID 

PROGENITOR CELLS (EPCs) ISOLATED FROM HUMAN PERIPHERAL 

BLOOD MONONUCLEAR CELLS (PBMNCs) OF APPARENTLY HEALTHY 

ADULTS. 

Principal Investigator: Dr. Tanveer Jilani 

Organization: Aga Khan University, Karachi 

Location: Departments of Biological & Biomedical Sciences, Aga Khan University, 

Karachi 

Phone: 34864494 (office), 03002278114 (mobile) 

Other Investigators: 

1.  Dr Mohammad Perwaiz Iqbal 

Professor and Interim Chair, Department of Biological & Biomedical Sciences, 

Aga Khan University, Karachi 

2.  Dr. Bushra Moiz, 

Associate Professor, Department of Pathology & Laboratory Medicine, Aga 

Khan University, Karachi  

Organization: Aga Khan University, Karachi 

Location: Departments of Biological & Biomedical Sciences and Pathology & 

Laboratory Medicine, Aga Khan University, Karachi 

Phone: 34864463 (office); 34861302 (office) 
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1.  PURPOSE OF THIS RESEARCH STUDY 

You are being asked to voluntarily participate in a research study designed to 

find out the effect of vitamin E on the apoptosis of the precursors of red blood cells 

obtained from human peripheral whole blood. 

2.  PROCEDURES 

You will be asked to voluntarily allow us to draw 10-15 cc of your peripheral 

whole blood by the principal investigator (PI) after reading, understanding and signing 

this written informed consent form. The expected duration of subject's participation is 

about 5 min while providing blood sample. If you wish, results of the study will be 

communicated to you by e-mail or post. 

3.  POSSIBLE RISKS OR DISCOMFORT 

None as blood will be collected by a routine procedure. 

4.  POSSIBLE BENEFITS 

Participants will be contributing in answering a scientific question 

5.  FINANCIAL CONSIDERATIONS 

Aga Khan University Hospital (AKUH) and/ or the Principal investigator will 

not provide any financial compensation for your participation in this research. 

6.  AVAILABLE TREATMENT ALTERNATIVES 

N/A 

7.  AVAILABLE MEDICAL TREATMENT FOR ADVERSE 

EXPERIENCES 

This study involves no risk to the apparently healthy adult human subject who 

will be asked to give a 10-20 cc of their peripheral whole blood sample for this study. 

No side effects/adverse reactions/risks are expected as the blood will be collected by a 

routine procedure. 
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8.  CONFIDENTIALITY 

Your identity in this study will be treated as confidential. The results of the 

study, including laboratory or any other data, may be published for scientific purposes 

but will not give your name. However, any records or data obtained as a result of your 

participation in this study may be inspected by the sponsor or by AKU ERC members. 

9.  TERMINATION OF RESEARCH STUDY 

You are free to choose whether or not to participate in this study. There will be 

no penalty or loss of benefits to which you are otherwise entitled if you choose not to 

participate. 

10.  AVAILABLE SOURCES OF INFORMATION 

Any further questions you have about this study will be answered by the 

Principal 

Principal Investigator: Dr. Tanveer Jilani 

Phone Number: 34864494 (office), 030022781124 (mobile) 

Any questions you may have about your rights as a research subject will be answered 

by Dr. Tanveer Jilani 

Phone Number: 34864494 (office), 03002278114 (mobile) 

In case of a research-related emergency, call: 

Day Emergency Number: 34864494 (office), 03002278114 (mobile) 

Night Emergency Number: 36687274 (home), 03002278114 (mobile) 
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11.  AUTHORIZATION 

I have read and understand this consent form, and I volunteer to participate in 

this research study. I understand that my consent does not take away any legal rights in 

the case of negligence or other legal fault of anyone who is involved in this study. 

 

Name of participant: 

Date: 

 

Signature of participant: 

Date: 

 

Signature of Principal Investigator: 

Date: 

Signature of person obtaining consent: 

Date: 

 

 

  



163 
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Academic qualifications 
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