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ABSTRACT 

 

Ahmed M. Effects of Vitamin D on Oxidative Stress. Near East University, 

Graduate School of Health Sciences, Graduation Project in Medical 

Biochemistry Program, Nicosia, 2017.  

 

Vitamins are crucial supplements for human-being, assuming that they are the 

precursors of coenzymes which are required for the enzymes for the survival of an 

organism. Currently it has gotten to be obvious that vitamins are of great importance 

in health and human disease. Vitamin D is a supplement and considered as a key for 

skeletal health, but currently several studies show that vitamin D plays an important 

role in preventing numerous serious diseases such as osteoporosis, cardiovascular 

diseases and some types of cancer. Nowadays it is known that vitamins have a 

critical relationship with oxidative stress. Previous studies reported that vitamin D 

has both antiperoxidative and anti-inflammatory action. In this assay we aim to 

provision a prologue to the idea of oxidative stress as a major participant in tissue 

harm and the relationship between oxidative stress and vitamin D. 

 

Key words: Vitamin D, oxidative stress, disease 
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ÖZET 

 

Ahmed M. Vitamin D’nin Oksidatif Stres Üzerine Etkisi. Yakın Doğu 

Üniversitesi, Sağlık Bilimleri Enstitüsü, Tıbbi Biyokimya Programı, Mezuniyet 

Projesi, Lefkoşa, 2017. 

 

Vitaminler, enzimlerin işlevlerini gerçekleştirmesi için gereksinim duydukları 

koenzimlerin öncül molekülleri olduklarından organizmanın yaşamını devam 

ettirmesinde hayati öneme sahiptir. Vitaminlerin insan sağlığı ve hastalıklarındaki 

önemi son yıllarda daha belirgin hale gelmiştir. Vitamin D iskelet sistemi sağlığı için 

kilit rol üstlenmektedir. Ayrıca birçok çalışma vitamin D’nin osteoporoz, 

kardiyovasküler hastalıklar ve bazı kanser türleri gibi hastalıkların önlenmesinde 

önemli rol oynadığını da göstermektedir. Günümüzde vitaminler ile oksidatif stres 

arasındaki ilişki bilinmektedir. Yapılan çalışmalar vitamin D’nin antiperoksidatif ve 

anti-inflamatuvar etkileri olduğunu göstermektedir. Bu projede doku hasarına neden 

olan oksidatif stres ile vitamin D arasındaki ilişkinin gösterilmesi amaçlanmıştır. 

 

Anahtar kelimeler: Vitamin D, oksidatif stres, hastalıklar 
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1. INTRODUCTION 

The inability of the body to maintain the mechanism to protect and remove the 

potential oxidative intermediates and to balance the formation of reactive oxygen species 

(ROS) leads to the oxidative damage. The oxidation and reduction instability in the cell 

may lead to harmful influences by the formation of free radicals and peroxides which in 

consequence leads to cellular destruction of proteins, lipids and hereditary material 

(DNA). Oxidative stress causes base harm and as well as DNA breaks due to ROS 

formation, e.g. H2O2 (hydrogen peroxide), O2
−· 

(superoxide radical) and OH
.
 (hydroxyl 

radical). Moreover, several ROS work as cellular emissaries in oxidation signal. As a 

result, oxidative stress can bring about problem in ordinary process of cellular signal 

(Chandra et al., 2015). Oxidative stress may be the result of dietary nutrients imbalance, 

exposure to chemical or physical factors in surrounding, genetic diseases, injury and 

vigorous physical activity. Numerous compounds provide a shield against oxidative 

stress to avoid unfavorable effects of free radicals, vitamin E has a basic and new 

position in antioxidant resistance (Singh et al., 2005). 

In humans, oxidative stress is involved in the development of cancer, 

atherosclerosis, Asperger syndrome, chronic fatigue syndrome, Parkinson's disease, 

heart failure, myocardial infarction and attention deficit hyperactivity disorder (ADHD) 

(Ramalingam and Kim, 2012). In spite of it, ROS are utilized by the immune system as 

an approach to attack and eliminate pathogens (Vlassara et al., 1994). Oxidative stress 

may work to prevent aging for short a time by stimulating a procedure called 

mitohormesis (Gems and Partridge, 2008). 

Antioxidant defense systems (either central or local stress limiting systems) are 

involved in defending the organism at the cell level or at systemic level. The 

improvement of stress, regardless of its nature (external, physical, aging, cardiovascular 

and ischemic pathologies, immobilization, diseases of the gastrointestinal tract, burns, 

hypobaric hypoxia, hyperoxia, radiation, ischemia etc.) prompts a weakening of the 

vitamin condition. The deficiency in the vitamins C, A, E, B1 or B6 has an effect on the 

antioxidant defense system of the body. Replacement of the missing vitamins in diet 

restores the action of antioxidant system. Accordingly, the part of vitamins in adjustment 
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to stressors is apparent. Notwithstanding, vitamins C, E and beta-carotene in high 

dosages, much higher than the physiological needs of the living being, might not be just 

antioxidants, as well as pro-oxidants. Maybe this clarifies the absence of beneficial 

outcomes of antioxidant vitamins used in higher doses for a long period of time 

(Kodentsova et al., 2013). 

Food naturally contains Vitamin D; after absorption, needs exposure of skin to 

UVB radiation (290–315 nm) followed by a group of biochemical interactions to change 

7-dehydrocholesterol to the active type of vitamin D, named calcitriol (1,25-

dihydroxycholecalciferol) or vitamin D3 (Chun-Yen et al., 2016). 
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2. GENERAL INFORMATION 

2.1. Oxidative Stress 

The instability in the antioxidant defense system and the formation of the 

reactive oxygen species in the body which may damage tissues, may be correlated with 

the Diabetes mellitus in which there is a destruction of the tissue (Halliwell, 1994; 

Betteridge, 2000). Numerous biochemical processes cause formation of the free radicals 

for example, stimulated neutrophils and macrophages during inflammation. Likewise, 

free radicals might be produced in the tissues because of electromagnetic irradiation 

from the environment. Unavailability of the antioxidant defense may lead to destruction 

of various tissues (Betteridge, 2000). 

 

2.2. Free Radicals 

The chemical that contains unpaired electron is termed as free radical (Figure 

2.1). Unpaired electrons raise the chemical reactions of a particle or an atom. A simple 

example could be nitric oxide (NO), hydroxyl radical (OH
.
), transition iron (Fe) or 

copper (Cu), peroxynitrite (ONOO
 -
), superoxide anion (O2

-.
), nitrogen dioxide (NO2•), 

and peroxyl (ROO•). Also, hydrogen peroxide (H2O2), ozone (O3), nitrous acid (HNO2), 

dinitrogen trioxide (N2O3) and lipid peroxide (LOOH) are not free radicals and generally 

named oxidants, but can lead to free radical reactions in living organisms (Genestra, 

2007). Biological free radicals are thus highly unstable molecules that have electrons 

available to react with various organic substrates such as lipids, proteins and DNA.   

 

 

Figure 2.1. Free radical formation (http://blog.optihealthproducts.com/free-radicals-

101/). 

http://blog.optihealthproducts.com/free-radicals-101/
http://blog.optihealthproducts.com/free-radicals-101/
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The hydroxyl radical is the most strong oxidant agent known, its half-life is 

greatly short. Oxygen takes an electron and forms a superoxide which is very reactive. It 

works as a poorly oxidizing agent, but has a great reducing ability of iron compounds for 

example cytochrome c. It is prone to be more essential as an origin of peroxides and 

hydroxyl radicals. While nitric oxide (NO), a physiological radical, is of great benefit as 

a mediator of vascular tone (Halliwell, 1994). There are two ways for the formation of 

ROS in cells: enzymatic reactions and non-enzymatic mechanisms. As enzymatic 

mechanisms prostaglandin synthesis, phagocytosis, respiratory chain and cytochrome 

P450 system involve in the formation of ROS. As well as they can be generated by non-

enzymatic reactions of oxygen with organic molecules also by ionizing radiation and by 

reduction of molecular oxygen during oxidative phosphorylation (aerobic respiration) to 

hydroxyl radical and superoxide (Figure 2.2) (Lien et al., 2008).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2. Endogenous and exogenous production of reactive oxygen species 

(Finkel and Holbrook, 2000).   
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2.3. Consequences of Tissue Injury Caused by Free Radicals 

Free radicals are excited particles due to their unpaired electrons. Subsequently, 

they can be very reactive, in spite of the fact that this change from radical to radical, 

responding to acknowledge or give electrons to different atoms to accomplish a more 

stable status. Where a large part of reactants are commonly not free radicals, reaction 

mostly includes non-radicals. Response to a radical with a non-radical (e.g. nucleic 

acids, lipids, proteins and starch) generates a free radical chain response with new 

species of radicals that may further reach other molecules generating more radicals and 

harm. The main examples are lipid peroxidation and protein cleavage, e.g., addition of 

carbonyl group or cross linking, this attachment makes the protein easy to be loss its 

function (Birben et al., 2012), DNA base modifications (e.g., transformation of guanine 

to 8-hydroxyguanine and different components) and protein/DNA crosslinks (Halliwell 

and Aruoma, 1991; Spear and Aust, 1995; Hal et al., 1996) (Figure 2.3).  

The free radical attacks to the polyunsaturated fats especially due to the fact that 

two double bonds make the carbon-hydrogen ligation at the adjoining carbon molecule 

weaker and susceptible to break. The rest carbon-centered radicals undergo molecular 

rearrangement leading to a conjugated diene. Conjugated dienes can combine with 

oxygen forming a peroxyl radical which can readily digest more hydrogen molecules 

and start a chain response which proceeds either to the substrate is expended or the 

response is ended. The subsequent lipid peroxides are sensibly stable compounds, 

however their decomposition can be stimulated by transition metals and metal 

compounds, creating peroxyl and alkoxyl radicals that can invigorate more lipid 

peroxidation. Interestingly interrupted tissue is further defenseless to lipid peroxidation. 

Lipid peroxidation can effectively affect cell capacity. Broad peroxidation in cell layers 

will bring about alterations in ease, expanded penetrability, a lessening in membrane 

potential and in long term membrane to burst (Witztum, 1993). 

 

2.4. Measurement of the Oxidative Stress  

The oxidative stress can be examined by the protein oxidation, DNA oxidation 

and lipid peroxidation. A reciprocal methodology is the measure of exhaustion of 
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antioxidants, for example, vitamin C and tocopherol. Lipid peroxidation is assessed with 

techniques such as thiobarbituric acid-response substance tests, conjugated dienes, 

hydroperoxides, F2 isoprostanes and nitroxides. Visioli and Galli studied the procedure 

for oxidative assessment in connection to cardiovascular disease (Visoli and Galli, 

1997). 

 

Figure 2.3. Synopsis of free radical formation, oxidative stress and pathogenesis of 

chronic diseases (Kalam et al., 2015).  

 

2.5. Overview of Vitamins 

Vitamins are vital precursors of the coenzymes. There is a correlation between 

vitamins and the prevention / improvement of certain diseases. In addition, the vitamins 

have important roles in protecting body against the damaging effects of oxidative stress 
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(Mamede et al., 2011). Several vitamins act as antioxidants. This study summarizes the 

relationship between vitamin D and oxidative stress. 

 

2.5.1. Vitamin A  

The retinoids are a category that includes natural derivatives and artificial 

analogues of vitamin A (Smith and Saba, 2005). They participate in numerous 

physiological functions, including apoptosis, embryogenesis, development, vision, bone 

arrangement, digestion, hematopoiesis and immunological processes (Sun and Lotan, 

2002). Vitamin A and retinoids have a key role in the early tumor therapy. Since the 

exploration developed by Wolbach and Howe (Wolbach and Howe, 1925) and then by 

Lasnitzki (Lasnitzki, 1955), a few researches exhibited the importance of retinoids and 

vitamin A in the oncogenesis of numerous tissues (Trump, 1994). Soon after it was 

shown in vitro and in vivo that these compounds affected abnormal cell development in 

various ways, by blocking the development, apoptosis and dedifferentiation in an 

assortment of cell lines (Lotan, 1995). 

Retinoids and vitamin A have a well-known equilibrium which is adjusted in 

numerous type of cancers like skin, breast, cervix, oral, leukemia and prostate (Zhang et 

al., 2000). The diminished transformation of retinol to retinoic acid has been found in 

breast cancer cell lines, the similar outcomes were obtained in ovary tumor cells 

(Williams et al., 2009). These outcomes support the hypothesis that a defect in the 

metabolism of vitamin A contributes to the formation of ovarian tumor. 

 

2.5.2. Vitamin B 

Vitamin B complex is composed of many water-soluble vitamins namely: B1 

(thiamine), B2 (riboflavin), B3 (niacin), B5 (pantothenic acid), B6 (pyridoxine), B7 

(biotin), B9 (folic acid) and B12 (cobalamin). They commonly exist in oats, rice, liver, 

dairy, nuts, meat, brewer's yeast, whole-grains, eggs, natural products, fish, verdant 

green vegetables and numerous different nourishments. The B vitamins keep up and 

expand the metabolism rate, protect muscle tone, advance development and cell 

partition, improve the action of the immune and nervous systems (Mamede et al., 2011). 
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No evidence has been found regarding vitamin B in the prevention of cancer (Mamede 

et al., 2011). Pyridoxine, folic acid and cobalamin have been extensively studied to 

clarify their possible roles in the treatment of cancer. Regarding folate, Glynn and 

Albanes were among those who early reviewed its role in cancer. Although a few 

researchers propose that reduced vitamin B6, B9 and B12 levels cause the development of 

many cancers, the confirmation emerging from epidemics, animal samples and clinical 

studies still do not explain the role of these supplements in growth and aggravation of 

tumor (Glynn and Albanes, 1994). 

Cobalamin and folic acid are essential in methylation reactions in the body. 

Methyl group is transferred from methyltetrahydrofolate to homocysteine to make 

methionine by methionine synthase. It is a cobalamin-dependent catalyst to provide S-

adenosylmethionine (SAM). Low concentration of folic acid and cobalamin will lead to 

a decrease in the availability of SAM and block DNA methylation (Kim, 2005). Thus, 

gene expression, formation of DNA and also ordinary controls in the outflow of proto-

oncogenes are affected (Mason and Levesque, 1996). 

 

2.5.3. Vitamin C 

Vitamin C is a water-soluble, cancer prevention agent and enzyme cofactor 

present in plants and a few organisms. It is not produced endogenously so must be taken 

from oral route. It has two chemical forms; the reduced state (ascorbic acid; AA) and the 

oxidized state (dehydroascorbic acid; DHA). The support of vital convergences of 

vitamin C to typical cell metabolism includes two groups of vitamin C transporters: 

glucose transporters (GLUTs) and sodium-dependent vitamin C transporters (SVCTs). 

The transport of DHA is achieved by the GLUTs, principally by GLUT1, 3 and 4, while 

the admission of AA is accomplished by SVCT1 and 2. AA is a powerful reducing agent 

that efficiently prevents potential damage by free radicals. Most cancer cells are not able 

to transfer AA specifically, that is the reason these cells obtain vitamin C in its oxidized 

form (Rivas et al., 2008).  
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Vitamin C functions as an antioxidant. In cancer treatment, it reverses the 

therapeutical benefit of anti-neoplastic agents which use free radicals to destroy cancer 

cells (Heaney et al., 2008). 

 

2.5.4. Vitamin D 

In the twentieth century, the vitamin D was correlated to the bone health and was 

recognized as the therapy for rickets. Also there are many target tissues because steroid 

hormones act like chemical messengers (Norman and Bouillon, 2010). Amassing 

information demonstrate that vitamin D level is decidedly corresponded with healthful 

situations, for example, immune disturbance, tumors, cardiovascular infection and 

diabetes (Holick and Chen, 2008).  

The plasma level of the metabolite 25-hydroxyvitamin D (25(OH)D) is specific 

by the dermal tissue synthesis during sunlight presentation and/or nutrition admission. 

The metabolite 25-hydroxyvitamin D is the marker of vitamin D level. Vitamin D 

synthesis is correlated with the presentation of the skin to the sunlight, for example, 

dress, staying inside and the worry about skin tumor influence the synthesis of Vitamin 

D (Holick and Chen, 2008).  

 

Vitamin D Metabolism 

The UVB irradiation (290–315 nm) causes the conversion of the 7-

dehydrocholesterol (DHC), which is present in the dermis and the epidermis, to 

previtamin D3. Previtamin D3 is changed into lumisterol and tachysterol by 

photoisomerization. Both products are naturally inoperative. As a result of this, 

cholecalciferol levels are up to about 10–15% of the first DHC content. Once produced, 

cholecalciferol is specially bound to the vitamin D-binding protein (DBP), permitting its 

transportation in the blood circulation (Holick and Chen, 2008). The production of 

vitamin in the skin is affected by different factors, including age, pigmentation, apex 

point of the sunlight, bad air quality and the surface of skin exposed to the sunlight. 

Recent investigations have shown that the methods of protection of the skin from 

the sun in the United States like wearing long sleeved clothes and staying in the shade 
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lessened vitamin D levels (Linos et al., 2011). Shockingly sunscreen utilization, even 

those which have safeguard elements of sunlight, does not essentially influence vitamin 

D levels. There have been different researches considered the skin pigmentation as a 

transcendent component for lessening the synthesis of vitamin D (Hall et al., 2010). 

Notwithstanding it consists in the skin, vitamin D can be acquired from the eating 

routine as vitamin D3 (cholecalciferol) or sometimes as vitamin D2 (ergocalciferol). 

Though cholecalciferol is obtained from animal sources, human body can make vitamin 

D3, so it is the most “natural” form, but body can not synthesis vitamin D2, 

ergocalciferol is available in mushrooms irradiated with UVB. Ergocalciferol is 

considered as abnormal type of vitamin D, and vitamin D represents D3 or D2, or both of 

them (Nair and maseeh, 2012). 

After absorption vitamin D is transported in chylomicrons, it binds to DBP until 

it is discharged in hepatic tissue where it undergoes hydroxylation of the carbon in the 

25th position by one of four hepatic cytochrome P-450 compounds. Three of these are 

microsomal structures, CYP2R1, CYP2J2 and CYP3A4. The fourth protein, CYP27A1 

is mitochondrial and is an important structure as it leads commonly to rachitis when it is 

nonfunctional (Whiting et al., 2008). 

The proximal tubule of the kidney is the fundamental location for CYP27B1 (1-

alpha-hydroxylase) activity which is regulated by calcium, parathyroid hormone, 1α ,25 

dihydroxycholecalciferol (1,25(OH)2D3) and phosphorus (Chanakul et al. 2013). This 

compound is in charge of the transformation of 25(OH)D to the active form 

1,25(OH)2D3 (calcitriol) (Figure 2.4). Once made in the kidney, this dynamic 

metabolite enters circulation, permitting it to act in cells and organs in a hormone-like 

way. The functions of vitamin D are to increase the absorption of calcium and 

phosphorus and to stimulate pre-osteoclasts to turn into mature osteoclasts. Different 

parts may incorporate renin production in the kidney and also incitement of insulin 

excretion by pancreas (Holick, 2007). 
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Figure 2.4. Conversion of 7-dehydrocholesterol to the active form 1,25 

dihydroxycholecalciferol (calcitriol) (Brown et al., 1999) 

 

Regulation of Vitamin D Metabolism 

Exposure to UVB leads to vitamin D production and also expansion in epidermal 

melanin content. Including both a transcriptional and posttranscriptional regulations, this 

increment is caused by the raise in the quantity of melanocytes (Hall et al., 1996).  

Other factor that influences the skin productivity is the photoisomerization of 

previtamin D3 to two inactive forms, tachysterol or lumisterol, which constrain thermal 

isomerization to vitamin D3 (Holick et al., 1981). When the level of calcium in blood is 

low, the parathyroid hormone (PTH) stimulates the increase in 1-alpha-hydroxylase 

action by increasing CYP27B1 expression in kidney (Henry, 2011). 

 

Mechanism of Action 

The 1,25(OH)2D3 metabolite acts through the vitamin D receptor (VDR), which 

is in the nuclear receptor family. When it is activated via 1,25(OH)2D3, this receptor 

reacts with the retinoid X receptor (RXR) and after that the 1,25(OH)2D3VDR-RXR 

complex binds to the vitamin D-response elements (VDREs) directing the transcription 
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of different genes in the cells (Figure 2.5) (Whitfield et al., 1995). There are more than 

2,700 human genome locales participate in VDR binding and 1,25(OH)2D3 could 

influence the expression of more than 229 genes (Mizwicki and Norman, 2009; 

Ramagopalan et al., 2010).  

Membrane-bound VDR, through second messenger, could stimulate the fast 

intestinal ingestion of calcium (transcaltachia), the discharge of insulin by β cells in the 

pancreas, Ca
+2

 flow in muscle cells and the fast migration of epithelial cells. The 

membrane mediated fast signalling procedure remains inadequately comprehended and a 

few models are still under discussion (Ricardo, 2011). An outline of vitamin D digestion 

system and its physiological activity are introduced in Figure 2.6. 

 

 

Figure 2.5. Action mechanism of Vitamin D (Al Mheid et al., 2013). 
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Figure 2.6. Vitamin D digestion and physiological activity (Claire and Adrian, 2015) 

 

Physiopathology 

Individuals with extreme hypovitaminosis are susceptible to rickets (particularly 

in newborn children and youngsters) or osteomalacia (particularly in grown-ups) (Figure 

2.7). Shortage of exposure to the sunlight and malnutrition cause vitamin D deficiency. 

There are also genetic disorders prevent the metabolism of vitamin D (Ebert et al., 

2006). Osteomalacia is known as impaired mineralization of osteoid, leading to a 

formation of non-mineralized bone (Ebert et al., 2006). These bones are weak and they 
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could bend or break under pressure (Sultan and Vitale, 2003). Vitamin D deficiency 

paves way to osteopenia which can bring about osteoporosis. Osteoporosis due to an 

imbalance between rebuilding and resorption, is a loss of mineral density of bones, 

leading to increased risk for cracks and falls. It occurs in older adults, where the aging 

diminishes the absorption of calcium and vitamin D. Rickets occur in young children, 

but aetiology is the same as osteomalacia. If not treated it leads to serious changes in the 

growth of the skeleton and troubles in respiratory system (Whiting et al., 2008). 

Vitamin D-dependent rickets sort I (VDDR-1) is genetic disturbance, caused by a 

mutation in the 1-hydroxylase gene (Ebert et al., 2006). Thus, it leads to a decreased 

1-hydroxylase action and lower dynamic metabolite production. Characteristic 

biochemical anomalies are hypocalcaemia and ordinary plasma 25(OH)D levels whereas 

the 1,25(OH)2D3 plasma level is clearly low (Sultan and Vitale, 2003) Accordingly, the 

treatment comprises 1,25(OH)2D3 supplementation to address the defect.  

Vitamin D-dependent rickets sort II (VDDR-2), occasionally termed ''vitamin D-

renitent rickets'', is also a hereditary disturbance characterized by insensitivity of the 

target cell and organ to 1,25(OH)2D3. It is caused by changes in the VDR gene (Sultan 

and Vitale, 2003). VDDR-2 can differentiate from VDDR-1 by increased plasma levels 

of 1,25(OH)2D3. Medication includes crucial dosages of 1,25(OH)2D3 as well as 

calcium (Sultan and Vitale, 2003). 

 

Impacts on the Skeletal System 

1,25(OH)2D3 improves calcium assimilation in the intestine by nuclear VDR 

that controls the expression of the epithelial calcium channel (TRPV6) and a calcium-

restricting protein (calbindin 9K). 1,25(OH)2D3 is likewise required in the fast 

intestinal ingestion of calcium (transcaltachia) and improves the capacity of intestinal 

phosphate assimilation. Active form of vitamin D can regulate renal phosphate 

assimilation as well as catalyzes the production of fibroblast growth factor 23 (FGF 23), 

a protein which acts to elevate renal phosphate secretion. Without a doubt, FGF 23 
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diminishes articulation of the renal sodium–phosphate cotransporters NaPi-IIa and NaPi-

IIc in the proximal tubule (Battault et al., 2013).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7. Rickets and osteomalacia. Rickets, bone deformities in children; 

osteomalacia, fractures in adults (https://ghr.nlm.nih.gov/condition/vitamin-d-

dependent-rickets) 

 

2.5.5. Vitamin E 

There are various types of vitamin E: Four tocotrienols (α, β, γ, and δ) and four 

tocopherols (α, β, γ, and δ). The α-tocopherol is the main form that is present in human 

serum, tissues of human body and nature. Vitamin E, a lipophilic antioxidant, is 

absorbed from the upper part of the intestine and reaches circulation by the lymphatics. 

It is brought together with fats, accumulated into chylomicrons and carried to the hepatic 

tissue. Vitamin E, a key element in membranes of cell, has particular functions in the 

regulation of gene expression, signalling, proliferation and cell growth. Also vitamin E 

is a powerful antioxidant thus it can be useful in the protection and treatment of diseases 

caused by free radicals. After crossing to the hepatic tissue, only α-tocopherol appears in 

the plasma because of its hepatic α-tocopherol transport protein (α-TTP). Non-α-

tocopherols are ineffective and not recognized by α-TTP. The α-TTP and plasma 
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phospholipid transport protein have a very much significance in cytosol since they are in 

charge of the homeostasis of vitamin E in the body (Klein et al., 2000). 

 

2.5.6. Vitamin K 

There are three common structures of vitamin K. Vitamin K1 (phylloquinone) is 

a natural type of the vitamin K and is generally present in leafy vegetables. Vitamin K2 

(menaquinone) is likewise a natural and is produced by the intestinal bacteria. Vitamin 

K3 (menadione) is a manufactured analog. Physiologically, natural vitamin K acts as an 

assistant of γ-glutamylcarboxylase, thus, stimulates the carboxylation of glutamate to γ-

carboxyglutamate in the prothrombin and the vitamin K-dependent coagulation agents x, 

vii and ix, and in addition others. The research of the anti-tumor activity of vitamin K 

began in 1947. Vitamin K1 has been found to show anti-cancer property on various 

organs, including stomach, lungs, liver, colon, leukemia, breast, nasopharynx and oral 

epidermoid cancer (Wu et al., 1993).  

 

2.6. Relationship Between Vitamin D and Oxidative Stress  

Exercise prevents number of diseases like cardiovascular disease, respiratory 

disease, obesity, hemodynamic disorder and hypertension (Reimers et al., 2012). Studies 

have shown the inflammation and oxidative stress occur during strenuous exercise until 

exhaustion (Radak et al., 2013). This leads to a damage to kidney, heart and respiratory 

system (Ogura and Shimosawa, 2014). Researchers used many antioxidants in the 

exercise (Aguiló et al., 2005). Vitamin D is included in natural diet; after admission, it 

needs skin presentation to UVB irradiation (290–315 nm) and many biochemical 

interactions to convert 7-DHC into an active type of vitamin D, that is named calcitriol 

(1,25-dihydroxycholecalciferol) (Borel et al., 2015).  

Vitamin D3 is vital in calcium uptake, adjustment of blood-calcium levels and 

bone-intensity control. Studies have exhibited that vitamin D insufficiency was 

discovered in exercisers between 2008 and 2010 (Lovell, 2008). If vitamin D improves 

harm which is caused by exercise, thus taking a suitable amount of vitamin D for 
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exercise provides different advantages: it eases problems in bone-density and calcium 

equilibrium created by vitamin D insufficiency. 

It was shown that vitamin D has an antioxidant property. It can a terminate iron-

dependent lipid peroxidation in the membrane of cell (Wiseman, 1993). The combined 

effect of vitamin D and calcium has been observed in the gestational diabetes mellitus 

(GDM) (Asemi et al., 2014). Vitamin D and calcium have been hypothesized to act 

together more efficiently, thus a lack of vitamin D and calcium during pregnancy 

increases the risk of gestational diabetes (Harinarayan et al., 2013). Harinarayan et al. 

marked an improvement in pancreatic beta cell work (HOMA-B) after supplementation 

with 10,000 U/day vitamin D and 1,000 mg/day calcium in vitamin D-insufficient non-

diabetic subjects following eight weeks (Harinarayan et al., 2013). Vitamin D and 

calcium supplementation may influence metabolic profiles and redox stress. It may also 

have a role in repression of parathyroid hormone (PTH) and activation of antioxidant 

compounds (Kallay et al., 2002). 

The reactive oxygen species produced by the relatively hypoxic placenta are 

transferred to the maternal circulation and they subsequently cause endothelial 

dysfunction. Moreover oxidative stress might be an essential mediator in regulating 

angiogenic pathway in trophoblasts. The pathogenesis of pre-eclampsia includes various 

natural processes that might be directly or indirectly influenced by vitamin D, including 

immune defect, implantation of placenta, insulin resistance, unnatural blood vessels, 

appendicitis and hypertension. Vitamin D levels affect immune function and risk of 

preeclampsia during conception (Pourghassem et al., 2005). Vitamin D level is disturbed 

in pregnant women with preeclampsia and negatively linked with oxidative stress 

biomarkers, thus those mothers with vitamin D inadequacy have a high risk for pre-

eclampsia (Pourghassem et al., 2005). Lin et al. reported that vitamin D plays a vital 

role in reducing redox stress via ending the lipid peroxidation chain reaction (Lin et al., 

2005).  
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2.7. Role of Vitamin D in the Protection of Human Endothelial Cells from 

Oxidative Stress 

Hormonally, dynamic type of vitamin D, 1,25(OH)2D3, does not only affect the 

control of calcium and phosphate homeostasis but on the other hand it can interact with 

an extensive variety of organs and target tissues including the heart and the vasculature 

(Martinesi et al., 2006). Vitamin D may reduce cardiovascular mortality and morbidity 

and regression of cardiac hypertrophy within patient populations who frequently suffer 

from atherosclerosis (Shoji et al., 2004) and it may improve cardiac structure and 

function. Vitamin D exerts its physiological effects principally through the binding with 

the nuclear vitamin D receptor (VDR), regulating the expression of genes responsible for 

cellular proliferation, apoptosis, differentiation and angiogenesis in local tissues 

(Thompson et al., 2012). The role of endothelium as a target of vitamin D is 

demonstrated by the study published by Zehnder et al. (Zehnder et al., 2002), in which 

the expression of mRNA and protein for l α-hydroxylase in human endothelium was 

shown for the first time. Altogether these findings demonstrated the direct effects of 

vitamin D on endothelial function which plays a critical role in the formation of 

atherosclerosis. Xiang et al. showed the ability of vitamin D to stimulate endothelial cell 

proliferation and lead to inhibition of apoptosis by increasing endothelial nitric oxide 

synthase (eNOS) expression and NO production (Xiang et al., 2011). NO plays a critical 

role in cardiovascular physiology and its production in the heart by eNOS 

phosphorylation represents an important regulator of both myocardial perfusion after 

ischemia and myocardial contractility with its crucial effects on cardiac cell functions 

e.g. oxygen consumption, myocardial regeneration, apoptosis and hypertrophic 

remodeling (Mount et al., 2007). On the other hand, ROS, along with NO, show anti-

apoptotic effects involving several signaling pathways. For example, the increase in 

cytosolic-free Ca
2+

 concentration not only activates pro-apoptotic signals (Rizzuto and 

Pozzan, 2006) but also potently induces autophagy by activating calmodulin-dependent 

kinase (Høyer et al., 2007). Autophagy can be instigated by starvation, hypoxia or 

chemical and organic factors. Autophagy has a substantial function in the heart, it is 

important for the turnover of organelles at low basal levels under natural case. In the 
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heart, autophagy level change not only in reaction to stress as ischemia/reperfusion, 

however, also to stress triggered by cardiovascular illnesses like heart failure and cardiac 

hypertrophy (Nishida et al., 2009). In human cells, vitamin D is able to induce 

autophagy. The signaling pathways regulated by vitamin D include Bcl–2, beclin 1 and 

mammalian target of rapamycin (mTOR) (Wu and Sun, 2011). Recycling process is 

done during autophagy, in which intracellular contents are enveloped in double-layered 

membrane vesicles that fuse with lysosomes. The interaction among apoptotic and 

autophagic pathways determines the initiation of apoptosis and beclin l and Bcl–2 family 

are involved. Beclin l directly interacts not only with Bcl–2 as well as with other 

antiapoptotic Bcl–2 family proteins for example Bcl-xl and Bcl–2 are able to inhibit the 

beclin l-dependent autophagy (Hamacher-Brady et al., 2006). It shows the intracellular 

pathways activated by vitamin D in oxidative stress in human endothelial cell. The 

antioxidant effect of vitamin D in human coronary artery endothelial cells may be 

through the inhibition of the expression of NADPH oxidase enzyme (Hirata et al., 2013). 

The protective role of vitamin D is partially attributed to suppression of the 

accumulation of AGEs in the aortic tissue. This inhibition may be caused by enhanced 

systemic antioxidant capacity and attenuated the production of oxidative stress in the 

liver, the crucial organ in the circulation and metabolism of vitamin D (Salum et al., 

2013). 

Although, lack of sufficient information about the molecular mechanisms of 

antioxidant vitamin D action, the Ras-mitogen activated protein kinases (MAPKs) have 

a major work in controlling apoptosis following oxidative stress (Martindale and 

Holbrook, 2002). MAPKs signaling pathway regulates cellular response to the oxidative 

stress by controlling the expression of some transcription factors, for example silent 

mating type information regulation 2 homolog 1 (SIRT1). SIRT1 has been shown to 

participate in the vascular endothelial homeostasis and to inhibit endothelial cell aging 

and death which is caused by oxidative stress (Mokhtari et al., 2017). In a study 

conducted on human endothelial cells, Polidoro et al. found that vitamin D was able to 

reduce the impairment after H2O2 mediated stress by the mitigation of superoxide anion 

yield and apoptosis. As well, they reported that vitamin D was added to endothelium 
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before the oxidative stress can induce cell survival (Polidoro et al., 2013). These 

mechanisms include the suppression of ROS release and the regulation of the interaction 

between autophagy and apoptosis. This result is achieved by preventing superoxide 

anion production, protecting the function of mitochondria and cell survival and 

stimulating extracellular signal regulated kinase 1 (ERK) (Uberti et al., 2013). 

Therefore, vitamin D may have influences on signaling and survival by improving 

oxidative stress system of endothelial cells. 

 

2.8. Vitamin D Treatment Protects Against and Reverses Oxidative Stress Induced 

Muscle Proteolysis 

Lack of vitamin D causes an increase in protein oxidation as it can be seen 

through the rise of protein carbonyls in the muscle (Bhat and Ismail, 2015). Recent 

reports prove that vitamin D deficiency lead to increased protein deterioration and 

reduction in protein synthesis (Bhat et al., 2013). Moreover, oxidative stress induced 

protein oxidation is blocked by therapy with 1,25(OH)2D3 in muscle cells. The 

effectiveness of the glutathione-dependent antioxidant enzymes namely glutathione 

peroxidase (GPx) and glutathione reductase (GR) is increased, while the activities of 

catalase (CAT) and superoxide dismutase (SOD) are reduced in the muscle, which is an 

indicator of an alteration in antioxidant status. All enzyme activities are normal with 

vitamin D supplementation. SOD stimulates the dismutation of superoxide to oxygen 

and hydrogen peroxide thus it is the first line of antioxidant defence in body tissues. A 

recent study showed that SOD is a transcriptional target of vitamin D thus its expression 

rises with vitamin D therapy. An imbalance between antioxidant system and ROS 

formation causes atrophy of muscles. Vitamin D acts as an antioxidant and protects 

proteins and membranes against oxidative harm (Bhat and Ismail, 2015). 

 

2.9. Complications of Vitamin D Deficiency 

Vitamin D and the vitamin D receptors (VDR) play an important role in skeletal 

health by controlling the metabolism and absorption of phosphorus and calcium. 

Vitamin D is not only responsible for this function, VDR is found in many other tissues 
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suggesting that vitamin D has other roles. Vitamin D deficiency perceived to be an 

overall concern. Vitamin D inadequacy is linked with the abnormal metabolism which is 

called the 'metabolic syndrome' and includes obesity, insulin resistance, dyslipidemia, 

and cardiovascular disease and/or type II diabetes (Nishida et. al., 2009). Vitamin D 

deficiency causes low calcium absorption which affects not only the bone density but 

also most of the metabolic functions. The increase in PTH re-establishes calcium 

balance by raising the tubular assimilation of calcium in the kidney, increasing bone 

calcium mobilization and improving 1,25(OH)2D3 formation (Alshahrani and Ajohani, 

2013). 

 

2.9.1. Vitamin D and Oxidative Stress in Diabetes 

Diabetes mellitus is linked with the reduced antioxidant capacity and increased 

ROS production through increased lipid, protein and DNA oxidation products, glycated 

biomolecules, such as advanced glycation end products (AGEs) and advanced oxidation 

protein products (Mokhtari et al., 2017). Oxidative stress has a role in diabetes 

complications (Giacco and Brownlee, 2010). The outcomes in some experimental 

studies showed that vitamin D can decrease the ROS formation in diabetes by preventing 

the expression of NADPH oxidase (Mokhtari et al., 2017). NADPH oxidase is a major 

source of ROS and its activation is considered as a positive marker for oxidative stress.  

Vitamin D reduces the lipid peroxidation and improves the superoxide dismutase 

(SOD) activity (Hamden et al., 2008; Zhong et al., 2014). The antioxidant enzymes are 

crucial in defense against free radical attack. They protect membrane and cytosolic 

components against ROS mediated harm. The most important enzymes are SOD, 

catalase and glutathione peroxidase (Finkel and Holbrook, 2000).  

Also, calcitriol could stimulate the pathway of ROS removal by increasing the 

intracellular pool of reduced glutathione (GSH), partially by upstream regulation of 

glutamate-cysteine ligase (GCL) and glutathione reductase (GR) gene expression 

(Kanikarla and Jain, 2016). GCL is a key enzyme that participates in the synthesis of 

GSH. A positive relationship between vitamin D and GSH concentration has been 

reported (Mokhtari et al., 2017). Furthermore, Sardar et al. suggested that this vitamin 
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was an antioxidant as an outcome of an increase in hepatic GSH concentration after 

taking cholecalciferol (Sardar et al., 1996). Clinical tests showed that combination of 

vitamin D and calcium supplementation made a great increase in plasma total 

antioxidant capacity and GSH concentration compared with calcium and vitamin D 

separately (Foroozanfard et al., 2015). Several biological activities of the 1,25(OH)2D3 

are achieved by binding to a nuclear receptor, the vitamin D receptor (VDR) (Reis et al., 

2005). Control of oxidative metabolism by vitamin D involves interactions between 

many nuclear coactivators or corepressors which mediate the regulation of gene 

transcription at the level of their interaction with receptors of cholecalciferol (VDR). 

Upon binding its receptor, vitamin D leads to an increase in signaling and efficiently 

controls the level of free radical formation in liver cells (Bouillon et al., 2008; Zhong et 

al., 2014; Kanikarla and Jain, 2016). 

 

2.9.2. Vitamin D and Oxidative Stress in Chronic Kidney Disease 

Oxidative stress accelerates renal damage by inducing cytotoxicity. ROS causes 

the oxidation of proteins and DNA and lipid peroxidation which leads to an 

inflammatory cascade by inflammatory cytokines, containing TNF-α and the activation 

of NF-κB. Activated NF-κB initiates signalling pathways and participates in renal 

fibrosis (Greiber et al., 2002). The damage of functional renal tissue in chronic renal 

disease (CKD) leads to a decline in the production of 1α-hydroxylase, causes to 

diminution of vitamin D levels (Christakos et al., 2012). Patients with CKD have the 

great diminution in serum 25(OH)D levels, leading to an increased requirement for 

vitamin D in the CKD patients. Supplementation of calcitriol in CKD subjects reduces 

the risk of morbidity and mortality (Mokhtari et al., 2017). Active vitamin D could 

reduce glomerular injury and renal fibrosis through the inhibition of NADPH oxidase 

expression and enhancement in cytosolic SOD enzyme (Finch et al., 2012). After 

paricalcitol (VDR activators) treatment in hemodialysis patient, levels of the oxidative 

stress markers including MDA, nitric oxide and protein carbonyl groups were 

significantly decreased in serum and the level of antioxidant defenses containing GSH, 

catalase and SOD activity were increased (Izquierdo et al., 2012). One possible 
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mechanism was proposed for protecting against oxidative stress in nephropathy by 

calcitriol is the Nrf2– Keap1 pathway (Nakai et al., 2014). Nuclear factor erythroid 2-

related factor 2 (Nrf2) controls the expression of ROS detoxifying and antioxidant 

agents by the antioxidant response element (ARE/EpRE). In physiological conditions, 

Nrf2 is sequestered in the cytoplasm by Kelch-like erythroid cell-derived protein with 

CNC homology (ECH)-associated protein 1 (Keap1), an actin binding repressor protein. 

Owing to this mechanism, Keap1 contributes to augmented oxidative stress due to 

negative regulation of Nrf2 and ARE/EpRE activity (Kobayashi and Yamamoto, 2005). 

Vitamin D could increase the expression of Nrf2 and also leads to a reduced expression 

of Keap1 that decreases the development of nephropathy by the inhibition of oxidative 

stress (Nakai et al., 2014). 

 

2.10. Prevalence of Vitamin D Deficiency 

Vitamin D plays several roles in muscle and skeletal health. The state of vitamin 

D is determined by several factors that affect its synthesis in the skin, such as skin 

pigmentation, and dietary intake, for example food fortification and taking supplements. 

The adiposity, demographic and genetic factors and diseases can also play a role 

(Edwards et al., 2014)  

Vitamin D deficiency (VDD) is diagnosed by the measurement of serum 25 

hydroxyvitamin D. To date, many specialists concur that 25(OH)D of < 20 ng/mL is 

thought to be vitamin D deficiency, while a 25(OH)D of < 30 ng/mL is thought to be 

vitamin D insufficiency (Holick, 2009).   

In any case, serious deficiency appears in the Middle East and South Asia, so 

increased prevalence of rickets in these places is of particular worry. Also deficiency of 

vitamin D is particularly prevalent in regions with less UV irradiation such as 

Scandinavia, so the dietary supplements seem to be effective in decreasing the 

prevalence of deficiency, also the food fortification that increases the serum levels of 

vitamin D (Edwards et al.,2014). 

It has been reported to be prevalent in greater part of the population in spite of the 

availability of sunlight, as in Vietnam. In adults, prevalence of VDD has increased from 
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7% in 2009 to 30% in 2012 in females living in Northern areas and to 57% in 19 

provinces nationwide in 2013. These data from Vietnam are relatively high compared to 

those from nearby countries in Southeast Asia which vary from 60–70% (Nimitphong 

and Holick, 2013) The prevalence is lower in South than Northern areas. In females 

living in Ho Chi Minh City in 2013 was about 21.5%. It may be due to sunlight being 

more available in Southern than in Northern areas, also there was a trend toward a 

higher prevalence of VDD in females than in males. The prevalence of VDD was 30% 

in females, while it was 16% in males. Moreover, the percentage of vitamin D 

insufficiency was 46% in females, while it was only 20% in males. It has been 

demonstrated that the prevalence increased from 19% in 2009 to 36.2% in 2013 in North 

areas. Similarly, the prevalence of vitamin D inadequacy also rose from 52% in 2009 to 

74.2% in 2012. No data exists on VDD in pregnant women from Southern areas. 

However, this picture raises an alarming problem in Vietnam, because VDD in pregnant 

women has serious effects on the growth of fetuses and children. The information about 

VDD status in children is similar to the data for adults, the percentage of VDD in 

children has been increasing over time. The prevalence of VDD and vitamin D 

insufficiency rose quickly from 22.8% and 43.1% in 2012 to 61.3% and 86.6% in 2015 

among children under 6 months old in urban capital of Hanoi. There was the same trend 

in youngster’s aged 6–11 y old for the prevalence of vitamin D insufficiency to increase 

from 66.7% in 2012 to calcium and VDD 70.5% in 2014 in Northern regions. The 

prevalence was also lower in the South which accounted for only 37.5% in the same age 

children. Considering the differences between urban and rural areas, the percentage of 

VDD in rural areas (23.6%) was higher than that in urban (22.8%) but the prevalence of 

vitamin D insufficiency in rural areas (40.7%) was lower than that in urban areas 

(43.1%). It may be due to differences in vitamin D storage in pregnant women, vitamin 

D concentration in lactating mothers and especially the custom of exposing children to 

sunshine between the two areas. Although it is not really big difference, confirming the 

phenomenon and identifying the reasons behind it are necessary for future nutrition 

intervention strategies. Nationwide, the prevalence of VDD in children under 5 y was 

58% and in children aged 6–11 y old was 48.1%. Compared to other countries, the 
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prevalence in Vietnamese children is relatively high, since it was 23% in American 

children aged 1–5 y and 57.8% in Chinese children aged 6–11 y (Tuyen et al., 2016). 

 

2.11. Vitamin D Toxicity 

Vitamin D is soluble in fats so excessive intake of vitamin D supplements may 

increase concerns about toxicity. Hypercalcemia is accountable for the production of 

most of the markers of vitamin D toxicity which involve the gastrointestinal disturbance 

such as diarrhea, anorexia, nausea, constipation, vomiting, diarrhea, anorexia, nausea, 

drowsiness, headache, irregularity in heartbeat and joints pain. Also there are different 

side effects that show up during the couple of days or weeks such as urination, 

particularly around evening time, severe thirst, impairment, anxiety and kidney stones 

(Alshahrani and Aljohani, 2013). There are three theories for vitamin D toxicity: (1) 

raised plasma 1,25(OH)2D3 level leads to an increase in intracellular 1,25(OH)2D3 

levels. This theory is not generally accepted since many studies have found that vitamin 

D toxicity is linked with the moderate or slightly higher levels of 1,25(OH)2D3. (2) 

Vitamin D consumption raises plasma 25(OH)D levels to the concentrations which 

surpass DBP bound capability and when free 25(OH)D enters target cells, it affects gene 

expression. Lower affinity of 1,25(OH)2D3 for the transportation protein DBP and its 

high affinity for VDR predominate normal physiology. In vitamin D toxicity, other 

metabolites can enter to the nucleus of the cell. From all the inactive products of 

metabolism, 25(OH)D has the high affinity for the VDR and consequently at adequately 

great concentrations could catalyze transcription. (3) Vitamin D intake raises the 

concentrations of numerous vitamin D metabolites, including vitamin D itself and 

25(OH)D and these molecules surpass the DBP bound capability and release free 

1,25(OH)2D3 that access target cells (Jones, 2008).  

The Minimal Erythemal Dose (MED) can be defined as the amount of time 

needed to cause skin to turn pink. The timeframe varies with geographic site, 

pigmentation of skin, age and percentage of human body fat. Inordinate exposure to 

daylight does not give rise to vitamin D intoxication because it lowers any surplus 

vitamin D (Alshahrani and Aljohani, 2013). 
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2.12. Recommendations for Intervention Strategy 

The exposure to sunlight (generally 5–10 min of exposure of the legs and arms or 

the arms, face and hands, 2 or 3 times, every seven days) and taking vitamin D 

supplements are sensible ways to ensuring vitamin D adequacy (Holick, 2004). Children 

have greater capacity to produce vitamin D than older thus they need less sunlight 

exposure. Children with dark skins need three times more than recommended quantities 

of sunlight exposure to keep up the vitamin D levels (Joiner et al., 2000). Diet rich with 

vitamin D is a proper decision to enhance the intake. Fortification of dairy products is 

safe and effective way to enhance the consumption. Fortification of grain powders and 

salt also required (Balasubramanian et al., 2013). In several countries, the requirement 

for fortification program for vitamin D has been highlighted. At the point when 

satisfactory exposure to sunlight is not attained due to modernization and the winter 

season, supplementation and fortification may help in averting vitamin D deficiency 

(Balasubramanian et al., 2013). 

The strategy to prevent vitamin D deficiency and its passive healthful 

consequences includes food fortification with vitamin D, reasonable sunlight exposure 

and support the consumption of a vitamin D supplementation when it is required 

(Wacker and Hollick, 2013). The need for vitamin D can be specified by group of the 

endogenous (hormonal, genetic) and exogenous (physical activity, nutritional) factors. 

However, nutrition plays an essential role in bone health and can potentially be 

controlled. Controlling vitamin D deficiency and along with calcium intake has been 

paid particular attention as a strategy to maintain “good bone health” (Gennari, 2001). In 

some areas, there is wide availability of sunlight and calcium-rich foods, but the 

concentration of vitamin D is low in children and pregnant women as recommended 

(Hien, et al., 2012). Thus they should follow a strategy to control this problem, such as 

food fortification, supplementation of vitamin D, sun exposure and follow the nutritional 

recommendations.   
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3. CONCLUSION 

The vitamins and other micronutrients have a critical importance in the etiology 

of cancer, Parkinson’s disease, Lafora disease, Alzheimer’s disease and other numerous 

diseases. Thus they have attracted attention of researchers in the last years. The 

comprehensive and precise information to the idea of oxidative stress has been 

illustrated in this project. There is a vibrant correlation among the vitamin D and 

oxidative stress. Obviously vitamin D has a defensive role in lessening oxidative stress 

by terminating the lipid peroxidation chain reaction. There is a space for more research 

to understand the mechanism of oxidative stress and vitamin D along with other 

micronutrients. 

 

 

 

 

 

 

 



28 
 

REFERENCES 

Aguiló, A., Tauler, P., Fuentespina, E., Tur, J.A., Córdova, A., Pons, A. (2005). 

Antioxidant response to oxidative stress induced by exhaustive exercise. Physiol Behav. 

84(1):1-7. 

Al Mheid, I., Patel, R.S., Tangpricha, V., Quyyumi, A.A. (2013). Vitamin D and 

cardiovascular disease: Is the evidence solid. Eur Heart J. 34(48):3691-3698. 

Alshahrani, F., Naji, A. (2013). Vitamin D: Deficiency, sufficiency and toxicity. 

Nutrients. 5(9):3605–3616. 

Asemi, Z., Karamali, M., Esmaillzadeh, A. (2014). Effects of calcium-vitamin D co-

supplementation on glycaemic control, inflammation and oxidative stress in gestational 

diabetes: a randomised placebo-controlled trial. Diabetologia. 57(9):1798-1806. 

Balasubramanian, S., Dhanalakshmi, K., Amperayani, S. (2013). Vitamin D deficiency 

in childhood. A review of current guidelines on diagnosis. Indian Pediatr. 50(7):669-

675. 

Battault, S.1., Whiting S.J., Peltier, S.L., Sadrin S., Gerber, G., Maixent, J.M. (2013). 

Vitamin D metabolism, functions and needs: from science to health claims. Eur J Nutr. 

52(2):429-441. 

Betteridge D.J. (2000). What is oxidative stress. Metabolism. 49(2-1):3-8. 

Bhat, M., Ismail, A. (2015). Vitamin D treatment protects a gainst and revers. Oxidative 

stress induced muscle proteolysis. J Steroid Biochem Mol Biol. 152:171–179. 

Bhat, M., Kalam, R., Qadri, S.S., Madabushi, S., Ismail A. (2013). Vitamin D 

deficiency-induced muscle wasting occurs through the ubiquitin proteasome pathway 

and is partially corrected by calcium in male rats. Endocrinology. 154(11):4018-29. 

Birben, E., Sahiner, U.M., Sackesen, C., Erzurum, S., Kalayci O. (2012). Oxidative 

stress and antioxidant defense. World Allergy Organ J. 5(1):9–19. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhanalakshmi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23942432
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amperayani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23942432


29 
 

Borel, P., Caillaud, D., Cano, N.J. (2015). Vitamin D bioavailability: state of the art. Crit 

Rev Food Sci Nutr. 55(9):1193-1205. 

Bouillon, R., Carmeliet, G., Verlinden, L., Etten, E., Verstuyf, A., Luderer, H.F., et al. 

(2008).Vitamin D and human health: lessons from vitamin D receptor null mice. Endocr 

Rev. 29:726-76. 

Brown, A.J, Dusso, A., Slatopolsky E. (1999). Vitamin D. American Journal of 

Physiology. 277(2):157-175. 

Chanakul, A., Zhang, M.Y., Louw, A., Armbrecht, H.J., Miller, W.L., Portale, A.A., et 

al. (2013). FGF-23 regulates CYP27B1 transcription in the kidney and in extra-renal 

tissues. PLoS One. 8(9):e72816. 

Chandra, K., Syed, S.A., Mohd, A., Sweety R., Najam, A.K. (2015). Protection against 

FCA induced oxidative stress induced DNA damage as a model of arthritis and in vitro 

anti-arthritic potential of costus speciosus Rhizome extract. International Journal of 

Pharmacognosy and Phytochemical Research. 7 (2):383–389. 

Christakos, S., Ajibade, D.V., Dhawan, P., Fechner, A.J., Mady, L.J. (2012). Vitamin D: 

metabolism. Rheum Dis Clin North Am. 38:1-11. 

Chun-Yen, Ke., Fwu-Lin, Yang., Wen-Tien, Wu., Chen-Han, Chung., Ru-Ping, Lee., 

Wan-Ting, Yang., et al. (2016). Vitamin D3 reduces tissue damage and oxidative stress 

caused by exhaustive exercise. Int J Med Sci. 13(2):147–153.  

Claire, L.G., Adrian, R.M. (2015). Modulation of immune response to respiratory 

viruses by Vitamin D. Nutrients. 7(6):4240-4270. 

Ebert, R., Schutze, N., Adamski, J., Jakob F. (2006). Vitamin D signaling is modulated 

on multiple levels in health and disease. Mol Cell Endocrinol. 248(1–2):149–159.  

Edwards, M.H., Cole, Z.A., Harvey, N.C. (2014). The global epidemiology of vitamin D 

status. Journal of Aging Research & Clinical Practice. 3:148-158. 



30 
 

Finch, J.L., Suarez, E.B., Husain, K., Ferder, L., Cardema, M.C., Glenn, D.J., et al. 

(2012). Effect of combining an ACE inhibitor and a VDR activator on 

glomerulosclerosis, proteinuria, and renal oxidative stress in uremic rats. Am J Physiol 

Renal Physiol. 302:141-9. 

Finkel, T., Holbrook, NJ. (2000). Oxidants, oxidative stress and the biology of ageing. 

Nature. 408:239-47. 

Foroozanfard, F., Jamilian, M., Bahmani, F., Talaee, R., Talaee, N., Hashemi, T., et al. 

(2015). Calcium plus vitamin D supplementation influences biomarkers of inflammation 

and oxidative stress in overweight and vitamin D-deficient women with polycystic ovary 

syndrome: a randomized double-blind placebo-controlled clinical trial. Clin Endocrinol. 

83:888-94.  

Gems, D., Partridge, L. (2008). Stress-response hormesis and aging: that which does not 

kill us makes us stronger. Cell Metab. 7(3): 200–3. 

Genestra, M., (2007). Oxyl radicals. Redox-sensitive signalling cascades and 

antioxidants. Cell Signal. 19:1807–1819. 

Gennari, C. (2001). Calcium and vitamin D nutrition and bone disease of the elderly. 

Public Health Nutr. 4 (2B):547–559. 

Giacco, F., Brownlee, M. (2010). Oxidative stress and diabetic complications. Circ Res. 

107:1058-70. 

Glynn, S.A., Albanes, D. (1994). Folate and cancer: a review of the literature. Nutr 

Cancer. 22(2):101–119. 

Greiber, S., Muller, B., Daemisch, P., Pavenstadt, H. (2002). Reactive oxygen species 

alter gene expression in podocytes: induction of granulocyte macrophage-colony-

stimulating factor. J Am Soc Nephrol. 13:86-95.  

Hall, D.B., Holmlin, R.E., Barton, J.K. (1996). Oxidative DNA damage through long-

range electron transfer. Nature. 382(6593):731-735. 



31 
 

Hall, L.M., Kimlin, M.G., Aronov, P.A., Hammock, B.D., Slusser, J.R., Woodhouse, 

L.R., et al. (2010). Vitamin D intake needed to maintain target serum 25-hydroxyvitamin 

D concentrations in participants with low sun exposure and dark skin pigmentation is 

substantially higher than current recommendations. J Nutr. 140(3):542–550. 

Halliwell, B. (1994). Free radicals, antioxidants and human disease: Curiosity, cause or 

consequence. Lancet. 344:721-724. 

Halliwell, B., Aruoma, O.I. (1991). DNA damage by oxygen-derived species. Its 

mechanism and measurement in mammalian systems. FEBS Lett. 281(1-2):9-19. 

Hamacher-Brady, A., Brady, N.R., Gottlieb, R.A. (2006). The interplay between pro-

death and pro-survival signaling pathways in myocardial ischemia/ reperfusion injury: 

apoptosis meets autophagy. Cardiovasc Drugs Ther. 20(6):445–462. 

Hamden, K., Carreau, S., Jamoussi, K., Ayadi, F., Garmazi, F., Mezgenni, N., et al. 

(2008). Inhibitory effects of 1alpha, 25dihydroxyvitamin D3 and Ajuga iva extract on 

oxidative stress, toxicity and hypo-fertility in diabetic rat testes. J Physiol Biochem. 

64:231-9.  

Harinarayan, C.V., Arvind S, Joshi, S., Thennarasu, K., Vedavyas, V., Baindur, A. 

(2013). Improvement in pancreatic beta cell function with vitamin D and calcium 

supplementation in vitamin D deficient nondiabetic subjects. Endocr Pract. 20(2):129-

38.  

Heaney, M.L., Gardner, J.R., Karasavvas, N., Golde, D.W., Scheinberg, D.A., Smith, 

E.A. (2008). Vitamin C antagonizes the cytotoxic effects of antineoplastic drugs. Cancer 

Res. 68(19):8031–8038. 

Henry, H.L. (2011). Regulation of vitamin D metabolism. Best Pract Res Clin 

Endocrinol Metab. 25(4):531-41. 



32 
 

Hien, V.T., Lam, N.T., Skeaff,  C.M. (2012). Vitamin D status of pregnant and non-

pregnant women of reproductive age living in Hanoi City and the Hai Duong province 

of Vietnam. Matern Child Nutr. 8(4):533–539. 

Hirata, M., Serizawa, K., Aizawa, K., Yogo, K., Tashiro, Y., Takeda, S., et al. (2013). 

Oxacalcitriol prevents progression of endothelial dysfunction through antioxidative 

effects in rats with type 2 diabetes and early-stage nephropathy. Nephrol Dial 

Transplant. 28:1166-74. 

Holick, M.F. (2004). Sunlight and vitamin D for bone health and prevention of 

autoimmune diseases, cancers, and cardiovascular disease. Am J Clin Nutr. 80 

(Suppl):1678S–1688S. 

Holick, M.F. (2007). Vitamin D deficiency. New Engl J Med. 357(3):266–281.  

Holick, M.F. (2009). Vitamin D status: measurement, inter-pretation and clinical 

application. Ann Epidemiol. 19(2):73–78. 

Holick, M.F., Chen TC. (2008). Vitamin D deficiency: a worldwide problem with health 

consequences. Am J Clin Nutr. 87(4):1080S–1086S. 

Holick, M.F., MacLaughlin J.A., Doppelt S.H. (1981). Regulation of cutaneous 

previtamin D3 photosynthesis in man: skin pigment is not an essential regulator. 

Science. 211(4482):590–593. 

Høyer-Hansen, M., Bastholm, L., Szyniarowski, P., Campanella, M., Szabadkai, G., 

Farkas, T., et al. (2007). Control of macroautophagy by calcium, calmodulin-dependent 

kinase kinase-beta, and Bc1–2. Mol Cell. 25(2):193–205. 

Izquierdo, M.J., Cavia, M., Muniz, P., deFrancisco, A.L., Arias, M., Santos, J., et al. 

(2012). Paricalcitol reduces oxidative stress and inflammation in hemodialysis patients. 

BMC Nephrol. 13:159. 

Joiner, T.A., Foster, C., Shope, T. (2000). The many faces of  vitamin D deficiency 

rickets. Pediatr Rev. 21(9):296–302. 



33 
 

Jones, G. (2008). Pharmacokinetics of vitamin D toxicity. Am. J. Clin. Nutr. 

88(2):5825–5865. 

Kalam, S., Gul, MZ., Singh, R., Ankati, S. (2015). Free radicals: Implications in etiology 

of chronic diseases and their amelioration through nutraceuticals. Pharmacologia. 

6(1):11-20. 

Kállay, E., Bareis, P., Bajna, E., Kriwanek, S., Bonner, E., Toyokuni, S., et al. (2002). 

Vitamin D receptor activity and prevention of colonic hyperproliferation and oxidative 

stress. Food Chem Toxicol. 40(8):1191–1196. 

Kanikarla-Marie, P., Jain, S.K. (2016). 1,25(OH)2D3 inhibits oxidative stress and 

monocyte adhesion by mediating the upregulation of GCLC and GSH in endothelial 

cells treated with acetoacetate (ketosis). J Steroid Biochem Mol Biol. 159:94-101.  

Kim, Y.I. (2005). Nutritional epigenetics: impact of folate deficiency on DNA 

methylation and colon cancer susceptibility. J Nutr. 135(11):2703–2709. 

Klein, E.A., Thompson, I.M., Lippman, S.M., Goodman, P.J., Albanes, D., Taylor, P.R., 

et al. (2000). SELECT: The Selenium and Vitamin E Cancer Prevention Trial: rationale 

and design. Prostate Cancer Prostatic Dis. 3(3):145–151. 

Kobayashi, M., Yamamoto, M. (2005). Molecular mechanisms activating the Nrf2-

Keap1 pathway of antioxidant gene regulation. Antioxid Redox Signal. 7:385-94. 

Kodentsova V.M., Vrzhesinskaia O.A., Mazo V.K. (2013). Vitamins and oxidative 

stress. Vopr Pitan. 82(3):11-8. 

Lasnitzki, I. (1955). The influence of a hypervitaminosis on the effect of 20-

methylcholanthrene on mouse prostate glands grown in vitro. Br J Cancer. 9(3):434–

441. 

Pham-Huy L.A., He, H., Pham-Huy, C. (2008). Free radicals, antioxidant in disease and 

health. Int J Biomed Sci. 4(2):89–96. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3614697/


34 
 

Lin, A.M., Chen, K.B., Chao, P.L. (2005). Antioxidative effect of vitamin D3 on zinc-

induced oxidative stress in CNS. Ann N Y Acad Sci.1053:319–329. 

Linos, E., Keiser, E., Kanzler, M., Sainani, K., Lee, W., Vittinghoff, E., et al. (2011). 

Sun protective behaviors and vitamin D levels in the US population: NHANES 2003–

2006. Cancer Causes Control. 23(1):133-40. 

Lotan, R. (1995). Retinoids and apoptosis: implications for cancer chemoprevention and 

therapy. J Natl Cancer Inst. 87(22):1655–1657. 

Lovell, G. (2008). Vitamin D status of females in an elite gymnastics program. Clin J 

Sport Med. 18(2):159-161. 

Mamede, A.C., Tavares, S.D., Abrante, A.M., Trindade, J., Maia, J.M., Botelho, M.F. 

(2011). The Role of Vitamins in Cancer. Nutr Cancer. 63(4):479-94. 

Martindale JL., Holbrook NJ. (2002). Cellular response to oxidative stress: signaling for 

suicide and survival. J Cell Physiol. 192:1-15. 

Martinesi, M., Bruni, S., Stio, M., Treves, C. (2006). 1,25-DihydroxyvitaminD3 inhibits 

tumor necrosis factor-induced adhesion molecule expression in endothelial cell. Cell 

Biol Int. 30(4):365–375. 

Mason, J.B., Levesque, T. (1996). Folate: effects on carcinogenesis and the potential for 

cancer chemoprevention. Oncology (Williston Park). 10(11):1727–1736. 

Mizwicki, M.T., Norman, A.W. (2009). The vitamin D sterol-vitamin D receptor 

ensemble model offers unique insights into both genomic and rapid-response signaling. 

Sci Signal. 2(75):4. 

Mokhtari, Z.,  Hekmatdoost, A., Nourian, M. (2017). Antioxidant efficacy of vitamin D. 

Journal of Parathyroid Disease. 5(1):11-16. 

Mount, P.F., Kemp, B.E., Power, D.A. (2007). Regulation of endothelial and myocardial 

NO synthesis by multi-site eNOS phosphorylation. J Mol Cell Cardiol. 42(2):271–279. 

https://www.ncbi.nlm.nih.gov/pubmed/21541902


35 
 

Nakai, K., Fujii, H., Kono, K., Goto, S., Kitazawa, R., Kitazawa, S., et al. (2014). 

Vitamin D activates the Nrf2-Keap1 antioxidant pathway and ameliorates nephropathy 

in diabetic rats. Am J Hypertens. 27:586-95.  

Nimitphong H., Holick M.F. (2013). Vitamin D status and sun exposure in Southeast 

Asia. Dermato-Endocrinology. 5(1):34–37. 

Nishida, K., Kyoi, S., Yamaguchi, O., Sadoshima, J., Otsu, K. (2009). The role of 

autophagy in the heart. Cell Death Differ. 16(1):31–38. 

Norman, A.W., Bouillon, R. (2010). Vitamin D nutritional policy needs a vision for the 

future. Exp Biol Med. 235(9):1034–1045. 

Ogura, S., Shimosawa, T. (2014). Oxidative stress and organ damages. Curr Hypertens 

Rep. 16(8):452. 

Opti Health products. (2015). Free radical. 2017 January 17, 

http://blog.optihealthproducts.com/free-radicals-101. 

Polidoro, L., Properzi, G., Marampon, F., Gravina, G.L., Festuccia, C., Di Cesare, E., et 

al. (2013). Vitamin D protects human endothelial cells from H(2)O(2) oxidant injury 

through the Mek/Erk- Sirt1 axis activation. J Cardiovasc Transl Res. 6:221- 31. 

Pourghassem, G.B., Pourteymour, F.T., Sadien, B., Asghari, J.M., Farzadi, L. (2005). 

Vitamin D status is related to oxidative stress but not high-sensitive C-reactive protein in 

women with pre-eclampsia. Gynecol Obstet Invest. 81(4):308-314. 

Radak Z., Zhao, Z., Koltai, E., Ohno, H., Atalay, M. (2013). Oxygen consumption and 

usage during physical exercise: the balance between oxidative stress and ROS-

dependent adaptive signaling. Antioxid Redox Signal. 18(10):1208-46. 

Ramagopalan, S.V., Heger, A., Berlanga, A.J., Maugeri, N.J., Lincoln, M.R., Burrell, A., 

et al. (2010). A ChIP-seq defined genome-wide map of vitamin D receptor binding: 

associations with disease and evolution. Genome Res. 20(10):1352–1360.  

https://www.ncbi.nlm.nih.gov/pubmed/26587898


36 
 

Ramalingam, M., Kim, S.J. (2012). Reactive oxygen/nitrogen species and their 

functional correlations in neurodegenerative diseases. Journal of Neural Transmission. 

119 (8):891–910. 

Nair, R., Maseeh, A. (2012). Vitamin D: The sunshine vitamin. J Pharmacol 

Pharmacother. 3(2):118–126. 

Reimers, C.D., Knapp G., Reimers, A.K. (2012). Does physical activity increase life 

expectancy? A review of the literature. J Aging Res. 2012(11):1-9. 

Reis, AF., Hauache, O.M., Velho, G. (2005). Vitamin D endocrine system and the 

genetic susceptibility to diabetes, obesity and vascular disease. A review of evidence. 

Diabetes Metab. 31:318-25.  

Ricardo, L.B. (2011). VDR activation of intracellular signaling pathways in skeletal 

muscle. Mol Cell Endocrinol. 347(1–2):11–16.  

Rivas, C.I., Zuniga, F.A., Salas-Burgos, A., Mardones, L., Ormazabal, V., Vera, J.C. 

(2008). Vitamin C transporters. J Physiol Biochem 64(4):357–375. 

Rizzuto, R., Pozzan, T. (2006). Microdomains of intracellular Ca2: molecular 

determinants and functional consequences. Physiol Rev. 86(1):369–408. 

Salum, E., Kals, J., Kampus, P., Salum, T., Zilmer, K., Aunapuu, M., et al. (2013). 

Vitamin D reduces deposition of advanced glycation end-products in the aortic wall and 

systemic oxidative stress in diabetic rats. Diabetes Res Clin Pract. 100:243-9. 

Sardar, S., Chakraborty, A., Chatterjee, M. (1996). Comparative effectiveness of vitamin 

D3 and dietary vitamin E on peroxidation of lipids and enzymes of the hepatic 

antioxidant system in Sprague-Dawley rats. Int J Vitam Nutr Res. 66:39-45. 

Shoji, T., Shinohara, K., Kimoto, E., Tahara, H., Koyama, H., Inaba, M., et al. (2004). 

Lower risk for cardiovascular mortality in oral 1 alpha hydroxy vitamin D3 users in a 

haemodialysis population. Nephrol Dial Transplant. 19(1):179–184. 



37 
 

Singh, U., Devaraj, S., Jialal, I. (2005). Vitamin E, oxidative stress, and inflammation. 

Annu Rev Nutr. 25:151-74. 

Smith, W., Saba, N. (2005).  Retinoids as chemoprevention for head and neck cancer: 

where do we go from here. Critical Rev Oncol Hematol. 55(2):143–152. 

Spear, N., Aust, S.D. (1995). Hydroxylation of deoxyguanosine in DNA by copper and 

thiols. Arch Biochem Biophys. 317(1):142-148. 

Sultan, A.K., Vitale, P. (2003). Vitamin D-dependent rickets type II with alopecia: two 

case reports and review of the literature. Int J Dermatol. 42(9):682–685. 

Sun, S.Y., Lotan, R. (2002). Retinoids and their receptors in cancer development and 

chemoprevention. Critical Rev Oncol Hematol. 41(1):41–55. 

Thompson, L., Wang, A., Tawfik, O., Templeton, K., Tancabelic, J., Pinson, D., et al. 

(2012). Effects of 25-hydroxyvitamin D3 and 1,25 dihydroxyvitamin D3 on 

differentiation and apoptosis of human osteosarcoma cell lines. J Orthop Res. 

30(5):831–844. 

Trump, D.L. (1994). Retinoids in bladder, testis and prostate cancer: epidemiologic, pre-

clinical and clinical observations. Leukemia. 8(3):S50–S54. 

Tuyen, le D., Hien, VT., Binh, P.T., Yamamoto, S. (2016). Calcium and vitamin D 

deficiency in vietnamese: recommendations for an intervention strategy. J Nutr Sci 

Vitaminol (Tokyo). 62(1):1-5. 

Uberti. F., Lattuada. D., Morsanuto. V., Nava. U., Bolis. G., Vacca. G., et al. (2013). 

Vitamin D protects human endothelial cells from oxidative stress through the autophagic 

and survival pathways. J Clin Endocrinol Metab. 99(4):1367-74. 

U.S. National Library of Medicine: genetics home references. Vitamin D dependent 

rickets. 2016 december 20, https://ghr.nlm.nih.gov/condition/vitamin-d-dependent-

rickets. 



38 
 

Visoli, F., Galli, C. (1997). Evaluating oxidation processes in relation to cardiovascular 

disease: A current review of oxidant/antioxidant methodology. Nutr Metab Cardiovasc 

Dis. 7:459-466. 

Vlassara, H., Bucala, R., Striker, L. (1994). Pathogenetic effects of advanced 

glycosylation: Biochemical, biologic, and clinical implications of diabetes and ageing. 

Lab Invest. 70(2):138-151. 

Wacker, M., Holick, M.F. (2013). Sunlight and vitamin D. A global perspective for 

health. Dermato-Endocrinology. 5(1):51–108. 

Whitfield, GK., Hsieh, J-C., Jurutka, PW., Selznick, SH, Haussler, CA., Macdonald, 

PN., Haussler, M.R. (1995). Genomic actions of 1, 25-dihydroxyvitamin D3. J Nutr. 

125(6-l):1690S–1694S. 

Whiting, S.J., Calvo, M.S., Stephensen, C.B. (2008). Current understanding of vitamin 

D, metabolism, nutritional status, and role in disease prevention. In: Coulston AM, 

Boushey C (eds) Nutrition in the prevention and treatment of disease. Academic Press, 

San Diego.43:807–832. 

Williams, S.J., Cvetkovic, D., Hamilton, T.C. (2009).Vitamin A metabolism is impaired 

in human ovarian cancer. Gynecol Oncol. 112(3):637–645. 

Wiseman, H. (1993). Vitamin D is a membrane antioxidant ability to inhibit iron-

dependent lipid peroxidation in liposomes compared to cholesterol, ergosterol and 

tamoxifen and relevance to anticancer action. FEBS Lett. 326(1-3): 285-288. 

Witztum, J.L. (1993). Role of oxidized low density lipoprotein in atherogenesis. Br 

Heart J. 69(1):S12-S18. 

Wolbach, S.B., Howe, P.R. (1925).Tissue changes following deprivation of fat soluble A 

vitamin. J Experimental Med. 42(6): 753–777. 



39 
 

Wu, F.Y., Liao, W.C., Chang, H.M. (1993). Comparison of antitumor activity of 

vitamins K1, K2 and K3 on human tumor cells by two (MTT and SRB) cell viability 

assays. Life Sci. 52(22):1797–1804. 

Wu, S., Sun, J. (2011). Vitamin D, vitamin D receptor, and macroauthopagy in 

inflammation and infection. Discov Med. 11(59):325–335. 

Xiang, W., He, X.J., Ma, Y.L., Yi, Z.W., Cao, Y., Zhao, S.P., et al. (2011). 

1,25(OH)2D3 influences endothelial cell proliferation, apoptosis and endothelial nitric 

oxide synthase expression of aorta in apolipoprotein E-deficient mice. Zhonghua Er Ke 

Za Zhi. 49(11):829–833. 

Zehnder, D., Bland, R., Chana, R.S., Wheeler, D.C., Howie, A.J., Williams, M.C., et al. 

(2002). Synthesis of 1,25-dihydroxyvitamin D3 by human endothelial cells is regulated 

by inflammatory cytokines: a novel autocrine determinant of vascular cell adhesion. J 

Am Soc Nephrol. 13(3):621–629. 

Zhang, D., Holmes, W.F., Wu, S., Soprano, D.R., Soprano, K.J. (2000). Retinoids and 

ovarian cancer. J Cell Physiol. 185(1):1–20. 

Zhong, W., Gu, B., Gu, Y., Groome, L.J., Sun, J., Wang, Y. (2014). Activation of 

vitamin D receptor promotes VEGF and CuZn-SOD expression in endothelial cells. J 

Steroid Biochem Mol Biol. 140:56-62. 

 


	Mohamed Cover Pages (1).pdf (p.1-2)
	final-Mohamed-Front pages-16022017.pdf (p.3-11)
	final project-VIT D AND OXIDATIVE  STRESS    (PROJECT)...M. AHMED-16022017.pdf (p.12-50)

