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ABSTRACT 

Introduction  
Background. Prostate cancer is a major health problem worldwide and ranks as the second most 

common cause of cancer related death in men.Tumour markers are substances that aid in the 

detection, diagnosis and management of malignant growth. Prostate specific antigen (PSA) is 

one of the most widely used tumour marker and currently used for detection of prostate cancer 

(Pca). There is lack of consensus among researchers with respect to the benefits of PSA test. 

Evaluation of new biomarkers is therefore desirable for the diagnosis of prostate cancer. 

Aim.This study evaluated the diagnostic potentials of some tumour markers in patients with 

prostate disorders in Nnamdi Azikiwe University Teaching Hospital, Nnewi, Nigeria. 

Methodology.The is a prospective study involving 60 male subjects with prostate cancer, 60 

male subjects with benign prostate hyperplasia (BPH) and 60 male control subjects between the 

ages of 50 and 90 years. Sarcosine, total antioxidant capacity (TAC), superoxide dismutase 

(SOD) and creatinine were assayed using colorimetric methods.  Engrailed -2 gene proteins (EN- 

2), 5-alpha reductase (5ARD), total PSA (TPSA) and free PSA (FPSA) were assayed using 

enzyme linked immunosorbent assay technique (ELISA). Vitamins C, D and E were assayed 

using gas chromatography mass spectroscopy (GC-MS), while Zn, Se and Mg were assayed 

using atomic absorption spectrophotometric (AAS) method. Statistical package for Social 

Sciences (SPSS) version 20 was used for data analysis. 

Results. Sarcosine level (5.36±1.6nmol/l) in Pca group was statistically higher (p=0.0001) than 

in control (3±0.52 nmol/l). Sarcosine level in BPH (3.09±0.34nmol/l) did not differ significantly 

(p>0.05) from the controls. Sarcosine level was also significantly higher in the pca patients with 

metastasis than those without metastasis. The activity of 5ARD in BPH (6.55±1.9) and Pca 

(7.10±1.31ng/ml) was significantly higher than in in control (3.7±1.02ng/ml). Compared with 

control (15.23±7.3), the TAC was significantly lower (p=0.0001) in both BPH (7.40±2.60) and 

Pca (7.2±2.2nmol/l). The TPSA and FPSA (104±49.05 and 9.41±7.83 respectively) in Pca and 

BPH (42.80±49.15, 2.99±5.21 respectively) were significantly (p=0.0001) lower than in controls 

(5.24±4.97, 0.84±0.98). The SOD activity for Pca (1.41±0.63U/l) was significantly (P=0.0001) 

lower than the BPH (2.18±1.1) and control (2.11±0.96). The mean level of vitamin D for BPH 

and Pca were 10.91±13.49 and 8.82±14.66, these were significantly lower than the mean level of 

control (23.33±29.75mg/dl). Vitamin E level in controls (10.71±0.44mg/dl) was significantly 

higher than in BPH and Pca (6.17±7.87 and 6.07±0.48g/dl). There was no significant difference 

in the engrailed- 2 gene protein in Pca and BPH subjects compared with the controls. Selenium 

was significantly lower (p=0.02) in BPH (27.53±9.49) and in Pca (20.81±8.80) compared with 

control. Zinc was significantly lower in BPH (20.01±15.28) and in Pca (18.99±18.29) compared 

with control. Likewise, Mg was significantly lower (P=0.002) in BPH (3.18±0.22) and in Pca 

(1.89±1.79) compared (p=0.001) with control (5.17±1.06).  The sensitivity (75%) and specificity 

(71%) of sarcosine as calculated using Bradley‘s formula was higher than that of SOD (68%, 

65%), 5ARD (58%, 68%), TPSA (38%, 45%) and TAC (31%, 61%) respectively.  

Conclusion. This study showed that sarcosine was a more reliable biomarker for the diagnosis of 

prostate cancer than all the other biomarkers studied. 
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CHAPTER ONE 

1.0         INTRODUCTION 

1.1 Background of the Study  

 Prostate cancer is a major health challenge throughout the world. It is the most common solid 

organ malignancy affecting men and a freqeuent cause of morbidity and mortality and in fact the 

second leading cause of cancer death in men. Globally, prostate cancer accounts for 9.7% of all 

cancers (Parkin et al, 2001). Early diagnosis remains a major problem. Precise diagnosis is based 

largely on the use of biomarkers called tumour markers. Tumour markers are substances that are 

produced by tumour cells themself or by the normal body cells in response to growth. These 

substances are produced at much higher levels in malignant conditions. They help to detect, 

diagnose and manage malignant growth. The prostate is an organ linked inextricably with the 

endocrine system. It is part of the male sex organ. During the development of the prostate, 

epithelium and mesenchyme are under the control of testicular androgens, and interact to form an 

organized secretory organ. Thus many of the disease processes affecting the prostate gland are 

attributed to, and therapies aimed at manipulation of endocrine system.  Prostate gland is the 

male organ most commonly afflicted with benign or malignant neoplasms (Nathan and Mark, 

2008). A man‘s risk of developing prostate disorders is related to his age, genetics, race, diet and 

lifestyle (Kathryn et al, 2012). The primary risk factor is age. In Nigeria, Osegbe (1997) reported 

prostate cancer hospital incidence rate of 127 per 100000 cases. More recent studies (Ejike, 

2006) showed that 4% of apparently healthy Nigerian male population, aged 40 years and above, 

living in Nsukka (South East) exhibited prostate specific antigen (PSA) levels elevated beyond 

the normal range.  
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Prostate cancer is best diagnosed with tumour markers. However, prostate cancer is usually 

multifocal and more difficult to detect (Halpern, 2006) when compared with other cancers that 

present as a single mass. In addition prostate cancer symptoms do not typically present until the 

cancer has reached advance stage (Fuchsjager, 2008). Hence Surgeons have consistently relied 

on tumour markers as indicator of the presence and progression of cancer. An ideal biomarker 

would allow early and easy detection of cancerous tissues.  

Various biomarkers used in the detection of prostate disorders include the established ones such 

as prostate specific antigen and the ones suspected to be potentially useful for diagnosis of 

prostate disorders such as sarcosine and engrailed 2 gene proteins (Brimelow, 2011: Lucarelli et 

al, 2012). Futhermore, some considered to be indirect biomarkers may be useful in the detection 

of prostate disorders, this include 5- alpha reductase enzyme. Several years, the use of 

biomarkers for prostate cancer screening, diagnosis and prognosis has revolutionized its clinical 

management. (Prensner et al, 2012). The first prostate cancer biomarker, prostatic acid 

phosphatase (PAP), was described in the 1930s and has since then been used as a clinical marker 

for prostate cancer progression, since serum PAP levels were found to be elevated in metastatic 

cases (Prensner et al, 2012 : ). This biomarker was replaced by prostate-specific antigen (PSA) in 

the 1980s (Ercole et al, 1987) . Sarcosine is an amino acid derivative of N-methylglycine and is 

involved in the amino acid metabolism and methylation processes which are enriched during 

prostate cancer progression. Sarcosine is formed by the enzyme glycine N-methyl transferase 

(GNMT) or dimethylglycine dehydrogenase (DMGDH) and converted back to glycine via 

sarcosine dehydrogenase (SARDH). As prostate cancer progresses toward the metastatic disease, 

amino acid metabolism along nitrogen breakdown pathway increases (Sreekumar, et al 2009) 

Hence sarcosine may increase with increasing severity of disease. 
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Gene and protein expression have been extensively profiled in human tumors, little is known 

about the global metabolic alterations that characterize neoplastic progression. This test has been 

postulated to correlate with high probability of prostate cancer. It is a non- invasive test looking 

for the presence of the protein EN2 in blood or urine which may be more reliable and accurate 

than the existing biomarkers. The prostate gland is under androgenic control. The cells of the 

prostate require the androgen testosterone and its more potent reduced form dihydrotestosterone 

(DHT) for proper growth, differentiation. The key enzyme that converts testosterone to 

dihydrotetosterone is 5- alpha reductase (Gann et al, 1996). Inhibition of this enzyme results in 

decreased production of DHT, increased levels of testosterone; hence the elevation of this 

enzyme has been implicated in the pathogenesis of both benign prostate hyperplasia and prostate 

cancer (Andriole et al. 2004: Jason et al 2005). 

Vitamin E functions as the lipid phase antioxidant in biological systems. Alpha tocopherols carry 

out this function by combining directly with radical species especially reactive oxygen and 

reactive nitrogen species (ROS/RNS). Nitrosamines are implicated in the etiology of cancers 

(Gupta et al, 2012). Nitrate radical produced in free radical mediated reactions may be quenched 

by alpha tocopherol resulting in the formation of tocopheryl radicals. Furthermore, report from 

Helzlsouer et al (2000) showed that vitamin E may also be protective against cancers by 

enhancing immune function. 

 Data relating to current biomarkers with respect to the detection and progression of prostate 

disorders appear sparse and available reports from various authors seem inconclusive. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4647137/#bibr3-1756287215597633
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1.2 Statement of the Problem 

Prostate disorders are becoming an increasingly important public health problem Worldwide it 

has been estimated that men die of prostate cancer at the rate of 1 person every 18 minutes 

(Moya, 2010). In Nigeria, two percent of men have been reported to develop prostate cancer one 

of the common prostate disorders and 64% of them die after two years (Osegbe, 1997). This may 

be due to lack of screening facilities for diagnosis and poor management of the patients or even 

late reporting to hospital. It could also be as a result of inherent unreliability and limitations of 

the current markers, hence the intensive search for beter and more reliable markers for diagnosis 

of prostate cancer.  

Among prostate disorders, prostate specific antigen is used currently for the diagnosis of prostate 

cancer. However, high PSA level may not be indicative of prostate cancer and it has been 

reported that some men with established cancer exhibit PSA levels lower than 4ng/ml (the upper 

limit of the reference range) which suggests that PSA exhibits low specificity (Bickers and 

Aukim 2009). Because owing to this limitation, there has been considerable debate over what 

PSA level demand concern and if PSA should be used at all (Mac Donald 2011). Between 2-

10ng/ml described as the grey area, it is difficult to separate patient with prostate cancer from 

those without (Sreekumar, et al 2009). Despite the increasing current medical and surgical 

therapies available, the debate continues. It is in line with this current global problem that this 

study was designed to assess plasma sarcosine, engrailed -2 gene protein, 5- alpha reducatse, 

total antioxidant capacity, vitamin C, D and E  in prostate disorders, in an attempt to improve 

understanding, early diagnosis and prognosis of these disorders. 
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1.3 Justification of the Study 

The key limitations with PSA currently used as the standard detection test for prostate cancer 

stated above suggest the need for the evaluation of new tumour markers for prostate disorders. 

1.4 Aim of the Study 

This study was designed to explore for more sensitivity, specific and reliable panel of biomarkers 

of protate disorders (cancer). 

1.5 Specific Objectives 

1.  To measure plasma sarcosine and engrailed-2 gen as a potential biomarkers in individuals 

with prostate disorders and controls.     

 2.  To determine the activity of 5 alpha reductase, the plasma concentration of prostate specific 

antigen in prostate disorders and non-prostate diseased individuals. 

 3.  To determine the levels of the antioxidants, vitamin E, C, D, selenium, Superoxide 

dismutase and total antioxidant capacity.         

 4. To assess zinc, magnesium in prostate disorders. 
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CHAPTER TWO 

2.0             LITERATURE REVIEW 

2.1 Prostates 

The prostate is a part of the male reproductive system that helps make and store seminal fluid. In 

adult men a typical prostate is about three centimeters long . The prostate is a small gland usually 

described as ‗‘walnut-sized‘‘ that together with the seminal vesicles, produces the fluid that form 

part of the semen. It is located in the pelvis, under the urinary bladder and in front of the rectum. 

The prostate gland surrounds part of the urethra, the tube that carries urine from the bladder 

during urination and semen during ejaculation (Moore and Dalley, 1999). Due to its location 

prostate diseases often affect urination, ejaculation, and rarely defecation. The prostate gland 

contains many small glands which make about twenty percent of the fluid constituting semen 

(Steive, 1930). 

Prostate disorders are usually connected to age of the individual. Young men are rarely affected 

by these disorders. The most common prostate problem in men under 50 years is inflammation or 

infection, which is called prostatitis. Prostate enlargement also called benign prostate hyperplasia 

(BPH) is another prostate problem that is common in men over 50 years; this is as a result of 

constant growth of the gland as a man matures. Older men are at risk of Prostate cancer as well, 

but it is less common than benign prostate hyperplasia (NKUDIC, 2006). In other words the 

prostate can be afflicted with three major diseases, namely prostate cancer, benign prostatic 

hyperplasia, and prostatitis. In prostate cancer, the cells of this gland transform into cancer cells.  

Apart from age, other factors including genetics and diet (lifestyle) have been implicated in the 

development of prostate disorders (Kathryn et al, 2012).. There is a significant relationship 

between lifestyle (including food consumption) and prostate disorders. Exercise  (physical 
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activity) may help. Observational studies (Kenfield et al, 2011) suggest that moderate to 

vigorous physical activity is associated with reduced risk of biochemical recurrence and 

mortality in men with prostate cancer. For example 3 hours of moderate to vigorous physical 

activity per week was associated with a 61 % decrease in prostate cancer mortality compared 

with less than 1 hour . Brisk walking is a potential alternative, as it provides exposure to 

moderate-intensity activity, and has been associated with anti-cancer cellular behaviour 

(Studenski et al, 2011). A higher body mass index has been associated with poorer prostate 

cancer survival suggesting that promotion of physical activity may reduce cancer progression 

through weight control. 

 The prostate glands require male hormones known as androgens to function properly. 

Androgens includes testosterone, which is made in the testes; dehydroepiandrosterone produced 

in the adrenal glands and dihydrotestosterone which is converted from testosterone within the 

prostate itself.                                        

The prostate is from a Greek word which literally means ‗‘one who stands before‘‘, ‗‘protector‘‘, 

‗‘guardian‘‘. It is a compound tubule-alveolar exocrine gland of the male reproductive system in 

most mammals. The prostate was first described by Venetian anatomist in 1536 and illustrated 

by Flemish anatomist Andreas Vesalius in 1538. In 2002, the female paraurethral glands, or 

Skene‘s glands were officially renamed the female prostate by the Federative International 

Committee on Anatomical Terminology (Flam, 2006). The paraurethral gland found in females 

is homologous to the prostate gland in male. However, evolutionarily, the uterus is in the same 

position as the prostate gland. The female prostate gland, like the male prostate gland secretes 

prostate specific antigen (PSA) and the levels of this antigen rise in the presence of carcinoma of 

the gland. The gland also expels fluid, like the male prostate gland during orgasm (Kratochvil, 

1994). 
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              Myers, 2000 

Fig 2.1 Anatomy of the Prostate Gland 
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2.2 Function of the Prostate gland   

The function of the prostate is to secrete a slightly alkaline milky fluid, or white in appearance 

that usually constitutes 20-30% of the volume of the semen along with spermatozoa and seminal 

vesicle fluid. The alkalinity of semen helps neutralize the acidity of the vaginal tract, prolonging 

the life span of the sperm. The alkalinization of the semen is primarily accomplished through 

secretion from the seminal vesicles. The prostatic fluid is expelled in the first ejaculate fractions, 

together with most of the spermatozoa. In comparison with the few spermatozoa expelled 

together with mainly seminal vesicular fluid, those expelled in prostatic fluid have better 

motility, longer survival and better protection. The prostate also contains some smooth muscles 

that help expel semen during ejaculation. During male orgasm, sperm is transmitted from the 

ductus deferens into the male urethra via the ejaculatory ducts, which lie within the prostate 

gland. It is possible for men to achieve orgasm solely through stimulation of prostate gland such 

as prostate massage or receptive anal intercourse. Prostatic secretions vary among species. They 

are generally composed of simple sugars. In human prostatic secretions, the protein content is 

less than 1% and includes proteolytic enzymes, prostatic acid phosphate and prostate specific 

antigen. The secretion also contains zinc with the concentration 500-1000 times the 

concentration in the blood (Radhika 
 
and Ajay, 2016). Zinc in the body plays an important role in 

normal testicular development, spermatogenesis, and sperm motility (Madding et al 1986). Zinc 

in seminal plasma stabilizes the cell membrane and nuclear chromatin of spermatozoa ( Lin et al, 

2000). Zinc copes up with excessive amount of superoxide anions, thus adequate amount of zinc 

in seminal plasma exerts protective effect by virtue of this antioxidant activity (Gavella et al, 

1998). It appears to protect sperm from bacteria and chromosomal damage (O‘Connor, 2001) 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kothari%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=27437207
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudhari%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=27437207
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2.3 Types of Prostate Gland  

The prostate can be classified by two ways: by zones or by lobes 

Zones 

The zone classification is more often used in pathology. The idea for zones was first proposed by 

Mc Neal in 1968 cited in Meyer (2000). The prostate gland has four distinct glandular regions, 

two of which arise from different segments of the prostatic urethra: The zones are as follows. 

Peripheral Zone: This is a sub-capsular portion of the posterior aspect of the prostate gland that 

surrounds the distal urethra. It is from this portion of the gland that 70-80% of prostatic cancer 

originate ( Harvey et al, 2012) 

Central Zone: This zone surrounds the circulatory ducts. It accounts for roughly 2.5% of 

prostate cancers although these cancers tend to be more aggressive and more likely to invade the 

seminal vesicles. 

 Transitional Zone: About 10- 20% of prostate cancer originate in this zone. It surrounds the 

proximal urethra and is the region of prostate gland that grows throughout life and is responsible 

for the disease of benign prostatic hyperplasia. 

Anterior Fibro-muscular Zone: This zone is usually devoid of glandular components, and is 

made of muscle and fibrous tissues.  

The lobe classification is more commonly used in anatomy and it is as follows: 

1. The anterior lobe which roughly corresponds to the part of transitional zone,  

2. The posterior lobe which roughly corresponds to peripheral zone, 

3. The lateral lobe that spans all the zones and 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Harvey%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=22844031
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4. The median lobe (middle lobe) which roughly corresponds to part of central zone.   

2.4 General Prostate Disorders 

The three major diseases that afflict the prostate gland are  

I. Prostatitis 

II. Benign prostatic hyperplasia and 

III. Prostate cancer.  

Most experts agree that there is little men can do to prevent the big three prostate problems. 

However what one can do is to beware of the problems when they first develop and try to treat 

them before they get out of hand.   

I. The symptoms of these disorders include:  

II. Burning sensation while urinating  

III. Pelvic pain  

IV. Frequent urination 

V. Dribbling or incontinence 

VI. Impotence 

VII. A sudden inability to urinate 

VIII. Urinary tract infection, 

IX. Haematuria and  

X. Nocturia. 
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2.5 Prostatitis 

 Prostatitis refers to inflammation of the prostate gland. It could also mean that the prostate is 

irritated. In this type of disorder the patient feels burning sensation when urinating and may 

urinate more often, the patient may also have fever or just feel tired. Inflammation in any part of 

the body is usually a sign that the body is fighting infections or repairing an injury. Some kind of 

prostatitis is caused by bacteria.  

There are primarily four different forms of prostatitis, each with different causes and outcomes. 

Two relatively uncommon forms, acute prostatitis and chronic bacterial postatitis, that are treated 

with antibiotics (categories I and II, respectively). Chronic non- bacterial prostatic or male 

chronic pelvic syndrome (category III), which comprises  about 95% prostatitis diagnosis, is 

treated by a large variety of modalities including alpha blocker. The category IV is relatively 

uncommon in the general population; a type of leukocytosis. Patients with this type of disorder 

have to work with their physician to find a treatment that is good for them.  

2.6 Benign Prostatic Hyperplasia  

 Benign prostatic hyperplasia is a condition in which the prostate gland becomes enlarged. 

However, the actual size of the gland does not necessarily predict symptom severity. Some men 

with minimally enlarged prostate glands may experience symptoms while other men with much 

larger glands may have few symptoms. It occurs in older men (Verhamme, et al 2002). The 

symptoms associated with BPH are collectively called lower urinary tract symptoms (LUTS). 

Benign prostatic hyperplasia is prostate disorder noncancerous cell growth of the prostate gland. 

It is the most common noncancerous form of cell growth in men and usually begins with 

microscopic nodules in younger men. Benign prostate hyperplasia is not a precancerous 

condition and does not lead to prostate cancer. 
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Although there is no precise reason for enlargement, many investigators think that the 

stimulation produced by male sex hormones play a key role (Jason et al, 2015). As a man 

advance toward middle age his prostate grows. It continues to grow in size as the man is alive. 

The prostate is a very small gland in young boys. It grows to the size of nickel in diameter as the 

boy turns into adult. Normally it remains stable for the next 25-30 years, and then begins to 

enlarge, sometimes to the size of an orange. This enlargement is believed to be due to hormonal 

effects. The problem with BPH is that the enlarged prostate can press on a man‘s urethra, causing 

difficulty in urination; other symptoms commonly associated with this condition mainly frequent  

urination or taking a while to get started (hesitancy). If the prostate grows too large, it may 

constrict the urethra and impede the flow of urine, making urination too difficult and painful and 

in extreme cases, unable to void urine (retention). Benign prostate hyperplasia is not a serious 

condition, unless the symptoms are so bothersome that it disrupts one from enjoying his life. One 

of the complications of BPH is urinary tract infection. 

Benign prostatic hyperplasia can be treated with medication, a miniamally invasive procedure or 

in extreme cases by surgery that removes the prostate. Minimally invasive procedure include 

transurethral needle ablation of the prostate gland (TUNA) and transurethral microwave 

thermotherapy (TUMT). The surgery most often used is called transurethral resection of the 

prostate (TURP). In TURP, an instrument is inserted through the urethra to remove prostate 

tissues that press against the upper part of the urethra restricting the flow of urine. Transurethral 

resection of the prostate results in the removal of mostly transitional zone tissue in patient with 

BPH. Older men often have corpora amylacea (amyloid), dense accumulations of calcified 

proteinacious material, in the ducts of their prostates. The corpora amylacea may obstruct the 

lumens of the prostatic ducts and may underlie some cases of BPH. It is important to note that in 
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older men also, uninary frequency due to bladder spasm is common, this should not be confused 

with prostatic hyperplasia. Epidermological observations suggest that low in fat and red meat and 

high in protein and vegetables as well as regular alcohol consumption could protect against BPH 

(Kristal et al, 2008) 

Hyperplasia is a common preneoplastic response to stimulus. Microscopically, cells resemble 

normal cells but are increased in numbers. Sometimes cells may also be increased in size 

(hypertrophy). Hyperplasia is different from hypertrophy in that the adaptive cell change in 

hypertrophy is an increase in the size of cells, whereas hyperplasia involves an increase in the 

number of cells.  

Hyperplasia is considered to be a physiological (normal) response to a specific stimulus, and the 

cells of a hyperplastic growth remain subject to normal regulatory control mechanisms. This 

differs from neoplasia (the process underlying cancer and benign tumors), in which genetically 

abnormal cells manage to proliferate in a non-physiological manner which is unresponsive to 

normal stimuli.(
 
MedlinePlus Medical Encyclopedia, 2014) 

Hyperplasia may be due to any number of causes, including increased demand (for example, 

proliferation of basal layer of epidermis to compensate skin loss), chronic inflammatory 

response, hormonal dysfunctions, or compensation for damage or disease elsewhere. Hyperplasia 

may be harmless and occur on a particular tissue. An example of a normal hyperplastic response 

would be the growth and multiplication of milk-secreting glandular cells in the breast as a 

response to pregnancy, thus preparing for future breast feeding.  

Perhaps the most interesting and potent effect of insulin growth factor (IGF) has on the human 

body is its ability to cause hyperplasia, which is an actual splitting of cells. By contrast, 

hypertrophy is what occurs, for example, to skeletal muscle cells during weight training and 

https://en.wikipedia.org/wiki/Hypertrophy
https://en.wikipedia.org/wiki/Cellular_adaptation
https://en.wikipedia.org/wiki/Cell_size
https://en.wikipedia.org/wiki/Physiology
https://en.wikipedia.org/wiki/Cell_cycle#Regulation_of_eukaryotic_cell_cycle
https://en.wikipedia.org/wiki/Neoplasia
https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Carcinogenesis
https://en.wikipedia.org/wiki/Carcinogenesis
https://en.wikipedia.org/wiki/Carcinogenesis
https://en.wikipedia.org/wiki/Cell_proliferation
https://en.wikipedia.org/wiki/Demand_%28disambiguation%29
https://en.wikipedia.org/wiki/Chronic_inflammation
https://en.wikipedia.org/wiki/Chronic_inflammation
https://en.wikipedia.org/wiki/Chronic_inflammation
https://en.wikipedia.org/wiki/Hormone_disorder
https://en.wikipedia.org/wiki/Compensatory_growth_%28organ%29
https://en.wikipedia.org/wiki/Injury
https://en.wikipedia.org/wiki/Disease
https://en.wikipedia.org/wiki/Gland
https://en.wikipedia.org/wiki/Breast
https://en.wikipedia.org/wiki/Pregnancy
https://en.wikipedia.org/wiki/Breast_feeding
https://en.wikipedia.org/wiki/IGF
https://en.wikipedia.org/wiki/Hypertrophy
https://en.wikipedia.org/wiki/Weight_training


 

 

15 

steroid use and is simply an increase in the size of the cells.  With IGF use, one is able to cause 

hyperplasia which actually increases the number of muscle cells present in the tissue. Weight 

training with or without anabolic steroid use enables these new cells to mature in size and 

strength. It is theorized that hyperplasia may also be induced through specific power output 

training for athletic performance, thus increasing the number of muscle fibers instead of 

increasing the size of a single fiber.  

Whereas hypertrophy stems from an increase in cell size, hyperplasia results from an increase in 

cell number. Hyperplasia is increased cell production in a normal tissue or organ. Hyperplasia 

may be a sign of abnormal or precancerous changes. This is called pathologic hyperplasia 

The term benign prostatic hyperplasia (BPH) has different connotations to the pathologist, 

urodynamicist, practicing urologist, and patient. To the pathologist, BPH is a microscopic 

diagnosis characterized by cellular proliferation of the stromal and epithelial elements of the 

prostate (Strandberg, 2000). To the practicing urologist, it represents a constellation of lower 

urinary tract symptoms (LUTS) that develop in the male population in association with aging and 

prostatic enlargement, presumably caused by bladder outlet obstruction (BOO) (Shapiro and 

Lepor, 2000). To the urodynamicist, the hallmark of BPH is the observation of synchronous 

elevated voiding pressure and a low urinary flow rate in the absence of other disease processes 

that cause BOO (Nitti, 2000). The patient is typically concerned about the impact of BPH on 

quality of life rather than the presence of cellular proliferation, prostatic enlargement, or elevated 

voiding pressures. 

Because of the diverse connotations associated with the term, it is necessary to define BPH as 

microscopic BPH or clinical BPH. Microscopic BPH represents histologic evidence of cellular 

proliferation of the prostate. Macroscopic BPH refers to enlargement of the prostate resulting 

https://en.wikipedia.org/wiki/Steroid_use
https://en.wikipedia.org/wiki/Anabolic_steroid
https://en.wikipedia.org/wiki/Hypertrophy
https://en.wikipedia.org/wiki/Cell_size
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from microscopic BPH. Clinical BPH represents the LUTS, bladder dysfunction, hematuria, and 

urinary tract infection (UTI) resulting from macroscopic BPH. Abrams (1994) has suggested 

using the more clinically descriptive terms benign prostatic enlargement (BPE), BOO, and LUTS 

to replace BPH. 

Microscopic BPH describes a proliferative process of the stromal and epithelial elements of the 

prostate (Bartsch et al, 1979). The proliferative process originates in the transition zone and the 

peri-urethral glands (McNeal, 1983). It is rarely identified in men younger than 40 years (Berry, 

1984). The autopsy incidence of BPH is age-dependent, with the proliferative process being 

present in approximately 70% and 90% of men in their seventh and ninth decades of life, 

respectively. The development of microscopic BPH requires aging and the testes as the source of 

androgens (Walsh, 1986). Androgens play a passive role in the proliferative process. The specific 

biochemical event that initiates and promotes microscopic BPH has yet to be identified and 

characterized. Growth factors presumably are involved through autocrine and paracrine stromal 

epithelial interactions (Steiner, 2000).
  

Macroscopic BPH denotes an ―enlarged‖ prostate. Digital rectal examination (DRE) provides a 

relatively crude estimate of prostate size compared with measurements obtained using transrectal 

ultrasonography (TRUS) (Roehrborn et al, 1997). Although knowledge of prostate size may be 

clinically relevant in some cases, justifying the cost of obtaining a precise measurement of gland 

volume in all cases is questionable. A strong correlation exists between serum prostate-specific 

antigen levels and prostate volume (Roehrborn et al, 1999). There is no consensus regarding the 

extent of enlargement required to establish the diagnosis of macroscopic BPH. There is evidence 

that men with prostate volumes exceeding 40 cm
3
 have a greater response to 5-alpa reductase 
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inhibitors (Boyle et al, 1996). Therefore, some experts limit the diagnosis of BPH to men with 

prostate volumes exceeding 40 cm
3
. 

The clinical manifestations of BPH include LUTS, poor bladder emptying, urinary retention, 

detrusor instability, UTI, hematuria, and renal insufficiency (JepsenBru and Skewitz, 2000). The 

overwhelming majority of men present with LUTS only. Historically, the pathophysiology of 

clinical BPH was attributed to BOO secondary to macroscopic enlargement of the prostate gland 

(Lepor, 2000: Roehrborn, 2005). This hypothesis was supported by epidemiologic data 

suggesting that the prevalence of microscopic BPH, macroscopic BPH, and clinical BPH is age-

dependent and, therefore, causally related (Isaacs, 1989). This simplistic concept of the 

pathophysiology of BPH has been challenged by more recent reports demonstrating weak 

relationships among prostate size, severity of BOO, and severity of symptoms (Barry et al 1993, 

Yalla et al 1995).  

2.7 Causes of Benign prostate hyperplasia 

The prostate gland consists of glandular and stromal elements. The stroma contains smooth 

muscle and connective tissue. BPH involves an increase of all elements of the gland, but with a 

relatively greater increase of prostatic stroma. The prostate requires male hormones (testosterone 

and dihydrotestosterone) to grow. These hormones do not cause BPH, but are necessary for it to 

develop. 

Aging and male hormones are the only proven risk factors for developing BPH. Any man with 

normal prostate and functioning testes will develop BPH if he lives long enough. 

The testes produce 95% of testosterone found in the body. Testosterone is converted to 

dihydrotestosterone in the prostate gland. The prostate gland is much more sensitive to 
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dihydrotestosterone than testosterone. An enzyme called 5-alpha reductase mediates this 

conversion of testosterone to its active form. 5-Alpha reductase is specific to the prostate gland 

(Feldman and Feldman, 2001) and can be manipulated medically. 

Dihydrotestosterone causes the formation of growth factors within the prostate gland, which in 

turn lead to an imbalance between cell growth and programmed cell death (apotosis). 

The net effect of all this is a slow progressive enlargement of the prostate gland over time. While 

the majority of older men have clinically enlarged prostate glands, this per se does not 

necessarily lead to symptoms or complications. 

BPH can cause symptoms due to its effect on the prostate itself, or due to its obstructive effect on 

the bladder outlet. 

Proven Causes: Age, Hormones (testosterone) 

Probable Causes: Genetics 

 

Possible Causes 

I. Western diet  

II. Hypertension  

III. Diabetes  

IV. Obesity  

V. Industrialised environment  

VI. Increased androgen receptors  

VII. Oestrogen/testosterone imbalance 
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2.8 Diagnosis of Benign prostate hyperplasia 

Diagnosis of BPH is made based on medical history, physical examination and some 

confirmatory special tests. 

History: Symptoms of BPH can be grouped as either obstructive or irritative. Diagnosis cannot 

be made on symptoms alone as many diseases can mimic the symptoms of BPH. A careful 

history will give clues to conditions other than BPH as the cause of symptoms. 

Physical Examination: On physical examination the doctor will assess the patient's general 

health and examine the abdomen for the presence of a full bladder. A digital rectal examination 

will be performed to assess the size, shape and consistency of the prostate gland (Mistry and 

Cable, 2003) 

This examination involves the insertion of a gloved finger into the rectum. The prostate gland is 

situated immediately adjacent to the anterior rectal wall and is easily palpable in this manner. 

The test is mildly uncomfortable, but should not be painful. BPH classically leads to smooth, 

rubbery enlargement, whereas prostate cancer causes hard irregular nodular enlargement of the 

prostate. 

Unfortunately prostate size correlates poorly with symptoms or obstruction (Vesely, 2003). 

Many large prostates cause no symptoms or obstruction at all, and some very small prostates can 

lead to severe obstruction with symptoms and/or complications. An enlarged prostate per se is 

not an indication for treatment. In patients who do need treatment, the size of the gland can 

influence which treatment option is selected. A neurological examination is indicated if the 

history suggests a possible neurological cause for the symptoms. 
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2.9 Special Tests 

Special tests are used to confirm diagnosis, rule out other causes of symptoms, prove or disprove 

obstruction and identify complications related to the obstruction. 

Minimum recommended evaluation for BPH: 

I. Medical history including symptoms index   

II. Physical examination, including digital rectal examination  

III. Urine analysis  

IV. Urine flow rate  

V. Assessment of renal function (serum creatinine) 

VI. Pressure/flow urodynamic testing  

VII. Serum PSA (prostate specific antigen)  

VIII. Abdominal ultrasound of kidneys, ureter and bladder  

IX. Transrectal ultrasound of prostate gland  

Simple urine analysis can be performed in the office with dipstix. If this indicates possible 

infection a urine culture should be obtained. If the urine contains blood this should be further 

investigated to rule out other causes. 

A urine flow rate is performed by asking the patient to pass urine into a machine, which 

measures urine flow rate. Most machines measure the volume of urine, the maximum flow rate 

and the time taken to empty the bladder. For a flow rate test to be of value the patient needs to 

pass at least 125-150 ml of urine at one time. 

Serum creatinine is measured on a blood sample and is a fair reflection of renal function. 

Creatinine is one of the waste products excreted by the kidneys. If serum creatinine level is 
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elevated due to bladder outflow obstruction, it is prudent to drain the bladder with a catheter and 

allow the kidneys to recover prior to embarking on prostate surgery.. 

2.10 Treatment of Benign prostate hyperplasia 

The main treatment options are watchful waiting, medication and surgery. In those patients who 

are totally unfit for surgery and for whom medication has failed, long-term indwelling catheters, 

self-intermittent catheterization or internal urethral stents can be used. The complications of BPH 

are generally regarded as indicators for surgery. Patients who have suffered complications 

related to BPH are not candidates for watchful waiting or medication. 

Watchful waiting is a strategy of no immediate treatment with follow-up medical checks at 

regular intervals (Bill-Axelson et al, 2005) The natural history of BPH is not necessarily 

progressive. Symptoms remain stable or may even get better in many patients. Watchful waiting 

is suitable for patients with minimal symptoms and no complications. The patients can be 

reviewed yearly with symptom scores, physical examination and flow rate analysis. During 

watchful waiting patients should avoid tranquilisers and over-the-counter cold and sinus 

remedies, which can worsen symptoms and may even lead to urinary retention. 

Several simple measures can improve symptoms related to BPH. Alcohol and caffeine should be 

taken in moderation, especially in the evening prior to going to bed. Tranquilisers and anti-

depressants impair bladder muscle function and effective bladder emptying. Cold and flu 

remedies usually contain decongestants, which cause increased tone in smooth muscle fibres in 

the bladder neck and prostate, leading to worsening symptoms. 

Phytotherapy refers to the use of plant extracts for medicinal purposes. These treatments for 

BPH-related symptoms have received attention in the popular press recently. Most widely known 

is the extract of serenoa repens (commonly known as Saw Palmetto). The mechanism of action 



 

 

22 

of these phytotherapies is unknown and their effectiveness unproven. Suggested modes of action 

include an anti-inflammatory effect to reduce prostate swelling and possible inhibition of 

hormones controlling the growth of prostatic cells. It is highly possible that their only action is as 

a result of the placebo effect. 

2.11 Medication of Benign prostrate hyperplasia 

Two types of medication are effective in the treatment of BPH, namely alpha-blockers and 5-

alpha reductase inhibitors. 

Alpha-blockers: The prostate and bladder neck contain large numbers of smooth muscle cells. 

The tone in these muscle cells is under sympathetic (involuntary) nervous system control. The 

receptors at the nerve endings are called alpha-receptors. Alpha-blockers are drugs that block 

these alpha-receptors, thus decreasing the tone in the prostate and bladder neck. The net effect is 

an increase in flow rate and an improvement in prostatic symptoms. Alpha-receptors are found 

elsewhere in the body, especially in blood vessels. The original alpha-blockers were designed to 

treat high blood pressure. Not surprisingly, the most frequent side-effect of alpha-blockers is 

orthostatic hypotension (dizziness upon standing due to a fall in blood pressure). 

Commonly used alpha-blockers are prazosin (Minipress), doxazosin (Cardura), terazosin 

(Hytrin) and tamsulosin (Flomax) (Vincent et al, 1983: Sonders, 1986). Tamsulosin is a selective 

alpha 1A receptor blocker, specifically designed to block the sub-type of alpha-receptor found 

predominantly in the bladder and prostate  

Alpha-blockers are effective in patients without absolute indications for surgery and post void 

residual volumes of less than 300ml. Most studies indicate a 30-60% reduction of symptoms and 
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a moderate increase in flow rate. All four alpha-blockers are effective at therapeutic dosages. The 

maximal effect is obtained within two weeks and the response is durable. Ninety precent of 

patients tolerates the treatment well. The main reasons for discontinuing treatment are dizziness 

due to hypotension and perceived lack of efficacy. No direct comparative studies between the 

various different alpha-blockers have been performed, and claims of relative superiority cannot 

be justified. Treatment usually needs to be life-long. A less common side effect is abnormal or 

retrograde ejaculation, which occurs in 6% of patients taking tamsulosin. 

5-Alpha Reductase Inhibitors: The enzyme 5-alpha reductase converts testosterone to its active 

form, namely dihydrotestosterone within the prostate gland. Finasteride (Proscar) blocks this 

conversion. In some men finasteride can relieve BPH symptoms, increase urinary flow rate and 

shrink the size of the prostate gland. The improvements, however, are usually only modest and 

take up to six months to achieve. Recent studies indicate that finasteride may be more effective 

in men with bigger prostates and have little effect in men with smaller glands. Finasteride does 

reduce the incidence of urinary retention and the need for prostatic surgery by 50% over a four-

year period. 

Due to its cost, moderate efficacy and long time to achieve maximal benefit, finasteride is not 

widely used for BPH treatment in South Africa. Side-effects of finasteride include breast 

enlargement (0.4%), impotence (3-4%), decreased ejaculate volume. 

Surgery (Prostatectomy): Prostatectomy is the most commonly performed urological procedure 

(Oleksandr et al 2016). About 200,000 prostatectomies are performed annually in the USA. A 

prostatectomy for benign disease (BPH) involves removal of only the inner portion of the 

prostate. This operation differs from radical prostatectomy for cancer in which all prostate tissue 
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is removed. Prostatectomy offers the best and fastest chance of improving BPH symptoms, but 

may not alleviate all irritative bladder symptoms. This is especially true for men over 80 years of 

age, where bladder instability is thought to account for a large proportion of symptoms. 

Indications for Prostatectomy 

1. Retention of urine  

2. Renal impairment secondary to obstruction  

3. Recurrent urinary tract infections  

4. Bladder stones  

5. Large residual volumes (relative indication)  

6. Failed medical treatment - ineffective or side-effects  

7. Patient not keen on medical treatment  

2.12 Transurethral Resection of Prostate (TURP) 

This procedure is still considered the 'gold standard' of BPH treatments against which all other 

treatment options are measured. TURP is performed using a resectoscope, which is passed 

through the urethra into the bladder. A wire loop carrying an electrical current cuts the prostatic 

tissue away from the inside. A catheter is left in place for one to two days and hospital stay is 

usually about three days. TURP is associated with little or no pain and full recovery can be 

expected by three weeks after surgery. Marked improvement occurs in 93% of men with severe 

symptoms and 80% of those with moderate symptoms 

 2.13 Prostate Cancer  

 Prostate cancer is a form of cancer that develops in the prostate, a gland in the male reproductive 

system. Prostate cancer is one of the most common cancers affecting older men in developed 
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countries and a significant cause of death for elderly men. Globally, about 9.7% of cancers in 

men are of the prostate. The figure rises to 15.3% in the developed world and drops to 4.3% in 

the under developed world (Parkin et al  2001). The prevalence of prostate cancer is highest in 

United States and Canada, but lowest in Asian countries (Quinn and Babb, 2002). It is the second 

leading cause of cancer death in the United State and United Kingdom after lung cancer.  In 

Nigeria, 2% of men develop prostate cancer, and 64% of them die after two years (Osegbe, 

1997). Moreover, it has been shown recently that 4% of an apparently healthy Nigeria male 

population (south-east) aged 40 years and above had their prostate specific antigen levels 

elevated beyond normal (Ejike, 2006). The specific causes of prostate cancer remain unknown 

(Hsing and Chokkalingam, 2006). The primary risk factors are age and family history. This 

disorder is uncommon in men younger than 45 years, but becomes more common with 

advancing age. Men who have first degree family members with prostate cancer appear to have 

double the risk of getting the disease compared to men without prostate cancer in the family. 

This risk appears to be greater for men with affected brother than for men with an affected father. 

Men with two first degree relatives affected have a fivefold greater risk compared with men with 

no family history.(Steinberg et al, 1990). No single gene is responsible for prostate cancer, many 

different genes have been implicated. Mutations in BRAC 1 and BRAC 2, important risk factors 

for ovarian and breast cancer in women, have also been implicated in proste cancer. (Struewing 

et al, 1997). 

Some men with prostate cancer remain asymptomatic and die from unrelated causes rather than 

as a result of the cancer itself. This may be due to the advanced age of many men at the time of 

diagnosis, slow tumor growth, or response to therapy (Ruijter et al, 1999) The estimated number 

of men with latent prostate carcinoma (i.e., prostate cancer that is present in the prostate gland 
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but never detected or diagnosed during a patient‘s life) is greater than the number of men with 

clinically detected disease. A better understanding is needed of the genetic and biologic 

mechanisms that determine why some prostate carcinomas remain clinically silent, while others 

cause serious, even life-threatening illness. 

Prostate cancer exhibits tremendous differences in incidence among populations worldwide; the 

ratio of countries with high and low rates of prostate cancer ranges from 60-fold to 100-fold 

(Stanford et al, 2014). Asian men typically have a very low incidence of prostate cancer, with 

age-adjusted incidence rates ranging from 2 to 10 cases per 100,000 men. Higher incidence rates 

are generally observed in northern European countries. African American men, however, have 

the highest incidence of prostate cancer in the world; within the United States, African American 

men have a 60% higher incidence rate than white men (Miller et al 1996). 

These differences may be due to the interplay of genetic, diet, environmental, and social 

influences (such as access to health care), which may affect the development and progression of 

the disease. (Haas and Sakr, 1997)  Differences in screening practices have also had a substantial 

influence on prostate cancer incidence, by permitting prostate cancer to be diagnosed in some 

patients before symptoms develop or before abnormalities on physical examination are 

detectable. An analysis of population-based data from Sweden suggested that a diagnosis of 

prostate cancer in one brother leads to an early diagnosis in a second brother using prostate-

specific antigen screening (Hemminki et al, 2005). This may account for an increase in prostate 

cancer diagnosed in younger men that was evident in nationwide incidence data. A genetic 

contribution to prostate cancer risk has been documented, but knowledge of the molecular 

genetics of prostate cancer is still limited. Malignant transformation of prostate epithelial cells 



 

 

27 

and progression of prostate carcinoma are likely to result from a complex series of initiation and 

promotional events under both genetic and environmental influences (Hemminki, 2009). 

2.14 An active Sex Life I s Good ForThe Prostate 

Evidence suggests that ejaculation frequency may be inversely related to the risk of prostate 

cancer (Jennifer et al, 2016). An epidemiological study of 30,000 men (Leitzmann, 2004) 

showed that men who ejaculated 13 to 20 times monthly presented a 14% lower risk of prostate 

cancer than men ejaculating on average of 4 to 7 times monthly during most of their adul;t life. 

Those ejaculating over 21 times a month presented a 33% decreased risk of developing prostate 

cancer. Michael Leitzman, a cancer researcher and the author of the above of this study explains 

that there has been a suggested connction between greater sexual activity and increased incidents 

of prostate cancer in previous scientific data because of the link with the male hormone 

testosterone and its effect on promoting cancer cell growth. He was of the opinion that this 

theory has its shortcomings because testosterone levels alone do not predict prostate cancer risk. 

Ejaculation may protect the prostate through a variety of biological mechanisms which includes 

I. Flushing out cancer-causing substances ie frequent ejaculation may help flush out 

retained chemical carcinogens. 

II. Reducing tension. The release of psychological tension that accompanies ejaculation may 

lower nervous activity associated with stress and slow the growth of potentially 

cancerous cells. 

III. Promoting rapid turnover fluids. Frequent ejaculation may prevent the development of 

mini-crystals that can block ducts within the prostate gland. 
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2.15 Risk Factors for Prostate Cancer  

The three most important recognized risk factors for prostate cancer in the United States are: age, 

race, family history of prostate cancer. 

Age: Age is an important risk factor for prostate cancer. Prostate cancer is rarely seen in men 

younger than 40 years; the incidence rises rapidly with each decade thereafter. For example, the 

probability of being diagnosed with prostate cancer is 1 in 298 for men 49 years or younger, 1 in 

43 for men aged 50 through 59 years, 1 in 16 for men aged 60 through 69 years, and 1 in 9 for 

men aged 70 years and older, with an overall lifetime risk of developing prostate cancer of 1 in 7 

(ACS, 2014) 

 Race: The risk of developing and dying from prostate cancer is dramatically higher among 

blacks, is of intermediate levels among whites, and is lowest among native Japanese (Bunker et 

al 2002, Altekruse et al, 2010) Conflicting data have been published regarding the etiology of 

these outcomes, but some evidence is available that access to health care may play a role in 

disease outcomes (Optenberg et al, 1995) 

2.16 Family History of Prostate Cancer  

As with breast and colon cancer, familial clustering of prostate cancer has been reported 

frequently (Steinberg et al, 1990) From 5% to 10% of prostate cancer cases are believed to be 

primarily caused by high-risk inherited genetic factors or prostate cancer susceptibility genes. 

Results from several large case-control studies and cohort studies representing various 

populations suggest that family history is a major risk factor in prostate cancer (Carter et al 1992) 

A family history of a brother or father with prostate cancer increases the risk of prostate cancer, 

and the risk is inversely related to the age of the affected relative (Ghadirian et al 1997).   

http://www.cancer.gov/cancertopics/pdq/genetics/prostate/HealthProfessional/Page1#Section_1178
http://www.cancer.gov/cancertopics/pdq/genetics/prostate/HealthProfessional/Page1#Section_13
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=460148&version=HealthProfessional&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=460209&version=HealthProfessional&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=302456&version=HealthProfessional&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=460124&version=HealthProfessional&language=English
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Although many of the prostate cancer studies examining risks associated with family history 

have used hospital-based series, several studies described population-based series. The latter are 

thought to provide information that is more generalizable. The Massachusetts Male Aging Study 

of 1,149 Boston-area men found a relative risk (RR) of 3.3 (95% confidence interval [CI], 1.8–

5.9) for prostate cancer among men with a family history of the disease.( Kalish et al 2000). This 

effect was independent of environmental factors, such as smoking, alcohol use, and physical 

activity. Further associations between family history and risk of prostate cancer were 

characterized in an 8-year to 20-year follow-up of 1,557 men aged 40 to 86 years who had been 

randomly selected as controls for a population-based case-control study conducted in Iowa from 

1987 to 1989. At baseline, 4.6% of the cohort reported a family history of prostate cancer in a 

brother or father, and this was positively associated with prostate cancer risk after adjustment for 

age (Cerhan et al 1999). 

The risk of prostate cancer may also increase in men who have a family history of breast cancer. 

Approximately 9.6% of the Iowa cohort had a family history of breast and/or ovarian cancer in a 

mother or sister at baseline, and this was positively associated with prostate cancer risk. Men 

with a family history of both prostate and breast/ovarian cancer were also at increased risk of 

prostate cancer. Other studies, however, did not find an association between family history of 

female breast cancer and risk of prostate cancer. (Damber et al 1998), A family history of 

prostate cancer also increases the risk of breast cancer among female relatives . The association 

between prostate cancer and breast cancer in the same family may be explained, in part, by the 

increased risk of prostate cancer among men with BRCA1/BRCA2 mutations in the setting of 

hereditary breast/ovarian cancer or early-onset prostate cancer. (Agalliu et al 2007) 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46063&version=HealthProfessional&language=English
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Family history has been shown to be a risk factor for men of different races and ethnicities. In a 

population-based case-control study of prostate cancer among African Americans, whites, and 

Asian Americans in the United States (Los Angeles, San Francisco, and Hawaii) and Canada 

(Vancouver and Toronto), (Whittemore  et al 1995), 5% of controls and 13% of all cases 

reported a father, brother, or son with prostate cancer. These prevalence estimates were 

somewhat lower among Asian Americans than among African Americans or whites. A positive 

family history was associated with a twofold to threefold increase in relative risk in each of the 

three ethnic groups.  

2.17 Other Potential Modifiers of Prostate Cancer Risk  

Endogenous hormones, including both androgens and estrogens, likely influence prostate 

carcinogenesis. It has been widely reported that eunuchs and other individuals with castrate 

levels of testosterone prior to puberty do not develop prostate cancer (Wu and Gu, 1991). Some 

investigators have considered the potential role of genetic variation in androgen biosynthesis and 

metabolism in prostate cancer risk, including the potential role of the androgen receptor (AR). 

Some dietary risk factors may be important modulators of prostate cancer risk; these include fat 

and/or meat consumption (Kolonel, 2001), lycopene, and dairy products/calcium/vitamin D. 

(Chan and Giovannucc, 2001).  Phytochemicals are plant-derived nonnutritive compounds, and it 

has been proposed that dietary phytoestrogens may play a role in prostate cancer prevention. 

(Barnes, 2001). For example, Southeast Asian men typically consume soy products that contain a 

significant amount of phytoestrogens; this diet may contribute to the low risk of prostate cancer 

in the Asian population. There is little evidence that alcohol consumption is associated with the 

risk of developing prostate cancer; however, data suggest that smoking increases the risk of fatal 

prostate cancer (Hickey et al, 2001).  Several studies have suggested that vasectomy increases 
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the risk of prostate cancer,( Bernal-Delgado et al 1998) but other studies have not confirmed this 

observation (Stanford et al 1999).  Obesity has also been associated with increased risk of 

advanced stage at diagnosis, prostate cancer metastases, and prostate cancer–specific death. 

Other nutrients have been studied for their potential influence on prostate cancer risk. The effect 

of selenium and vitamin E in preventing prostate cancer was studied in the Selenium and 

Vitamin E Cancer Prevention Trial (SELECT). This randomized placebo-controlled trial of 

selenium and vitamin E among 35,533 healthy men found no evidence of a reduction in prostate 

cancer risk (Lippman et al 2009) 

2.18 Heredity in Prostate Cancer Risk  

Many types of epidemiologic studies (Lichtenstein et al, 2000).   (case-control, cohort, twin, 

family) strongly suggest that prostate cancer susceptibility genes exist in the population. An 

analysis of monozygotic and dizygotic twin pairs in Scandinavia concluded that 42% of prostate 

cancer risk may be accounted for by heritable factors .This is in agreement with a previous U.S. 

study that showed a concordance of 7.1% between dizygotic twin pairs and a 27% concordance 

between monozygotic twin pairs (Page et al, 1997). The first segregation analysis was performed 

in 1992 using families from 740 consecutive probands who had radical prostatectomies between 

1982 and 1989. The study results suggested that familial clustering of disease among men with 

early-onset prostate cancer was best explained by the presence of a rare  autosomal dominant, 

highly penetrant allele(s). Hereditary prostate cancer susceptibility genes were predicted to 

account for almost half of early-onset disease (age 55 years or younger). In addition, early-onset 

disease has been further supported to have a strong genetic component from the study of 

common variants associated with disease onset before age 55 years.  

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=339338&version=HealthProfessional&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=339344&version=HealthProfessional&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=339337&version=HealthProfessional&language=English
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2.19 Genes Related to Prostate Cancer 

Cancers occur when genetic mutations build up in critical genes, specifically those that control 

cell growth and division or the repair of damaged DNA. These changes allow cells to grow and 

divide uncontrollably to form a tumor. In most cases of prostate cancer, these genetic changes 

are acquired during a man's lifetime and are present only in certain cells in the prostate. These 

changes, which are called somatic mutations, are not inherited. Somatic mutations in many 

different genes have been found in prostate cancer cells. Less commonly, genetic changes 

present in essentially all of the body's cells increase the risk of developing prostate cancer. These 

genetic changes, which are classified as germline mutations, are usually inherited from a parent. 

In people with germline mutations, changes in other genes, together with environmental and 

lifestyle factors, also influence whether a person will develop prostate cancer. 

Inherited mutations in particular genes, such as BRCA1, BRCA2 (Edwards et al, 2003) and 

HOXB13, account for some cases of hereditary prostate cancer. Men with mutations in these 

genes have a high risk of developing prostate cancer and, in some cases, other cancers during 

their lifetimes. In addition, men with BRCA2 or HOXB13 gene mutations may have a higher 

risk of developing life-threatening forms of prostate cancer. 

The proteins produced from the BRCA1 and BRCA2 genes are involved in fixing damaged 

DNA, which helps to maintain the stability of a cell's genetic information. For this reason, the 

BRCA1 and BRCA2 proteins are considered to be tumor suppressors, which means that they 

help keep cells from growing and dividing too fast or in an uncontrolled way (Agalliu et al 

2007). Mutations in these genes impair the cell's ability to fix damaged DNA, allowing 

potentially damaging mutations to persist. As these defects accumulate, they can trigger cells to 

grow and divide uncontrollably and form a tumor. 
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The HOXB13 gene provides instructions for producing a protein that attaches (binds) to specific 

regions of DNA and regulates the activity of other genes. On the basis of this role, the protein 

produced from the HOXB13 gene is called a transcription factor. Like BRCA1 and BRCA2, the 

HOXB13 protein is thought to act as a tumor suppressor. HOXB13 gene mutations may result in 

impairment of the protein's tumor suppressor function, resulting in the uncontrolled cell growth 

and division that can lead to prostate cancer. 

Inherited variations in dozens of other genes have been studied as possible risk factors for 

prostate cancer. Some of these genes provide instructions for making proteins that interact with 

the proteins produced from the BRCA1, BRCA2, or HOXB13 genes. Others act as tumor 

suppressors through different pathways. Changes in these genes probably make only a small 

contribution to overall prostate cancer risk. However, it is suspected that the combined influence 

of variations in many of these genes may significantly impact a person's risk of developing this 

form of cancer. In many families, the genetic changes associated with hereditary prostate cancer 

are unknown. Identifying additional genetic risk factors for prostate cancer is an active area of 

medical research. 

In addition to genetic changes, researchers have identified many other personal and 

environmental factors that may contribute to a person's risk of developing prostate cancer. These 

factors include a high-fat diet that includes an excess of meat and dairy and not enough 

vegetables, a largely inactive (sedentary) (Kathryn et al, 2012) lifestyle, obesity, excessive 

alcohol use, or exposure to certain toxic chemicals. A history of prostate cancer in closely related 

family members is also an important risk factor, particularly if the cancer occurred at an early 

age. 
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Prostate cancer is classified as an adenocarcinoma or glandular cancer, that begins when the 

normal semen secreting prostate gland mutate into cancer cells. The region of prostate where the 

adenocarcinoma is most common is the peripheral zone. Initially, small clumps of cancer cells 

remain confined to otherwise normal prostate glands, a condition known as carcinoma insitu or 

prostatic intraepithelial neopalsia (PIN). Although there is no proof that PIN is a cancer 

precursor, it is closely associated with cancer. Overtime, these cancer cells begin to multiply and 

spread to the surrounding prostate tissue (the stroma) forming a tumor. Eventually, the tumor 

may grow large enough to invade nearby organs such as the seminal vesicles or the rectum or the 

tumor cells may develop the ability to travel in the bloodstream and lymphatic system. Prostate 

cancer is considered a malignant tumor because it is a mass of cells that can infiltrate other 

commonly metastasizes to the bones, lymph nodes, may invade the rectum, bladder and lower 

ureters after local progression. 

Early prostate cancer usually causes no symptoms. Often it is diagnosed during the workup for 

the elevated PSA noticed during a routine checkup. Prostate screening using PSA test is 

controversial at the moment (Marcione, 2011). Sometimes however prostate cancer does cause 

symptoms often similar to those of diseases such as BPH. An important part of evaluating 

prostate cancer is determining the stage which defines how far the cancer has spread. Knowing 

the stage helps define prognosis and is useful when selecting therapies. The most common 

system is the four stage TNM system (abbreviated from Tumor/Nodes/Metastases). Its 

components include size of the tumor, the number of involved lymph nodes and the presence of 

any other metastases. The most important distinction made by any staging system is whether or 

not the cancer is still confined to the prostate. In the TNM system, clinical T1 and T2 cancers are 

found only in the prostate while T3 and T4 cancers have spread elsewhere. Several tests can be 
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used to look for evidence of spread. These include computed tomography (CT) to evaluate 

spread within the pelvis, bone scan to look for spread to bones, and endorectal coil magnetic 

resonance imaging to closely evaluate the prostatic capsule and the seminal vesicles. Bone scan 

should reveal osteoblastic appearance due to increased bone density in the areas of bone 

metastasis. 

2.20 Classification of Prostate Cancer       

2.21 Grading System  

The grading of prostate cancer is based on a system developed by Donald Gleason (1966). Over 

the years this grading system has been revised and in 2005 a major modification was developed 

by consensus and accepted for international implementation by the International Society of 

Urological Pathology (ISUP)
 

(Epstein et al., 2005). In this modified system, tumours are graded 

from 1 to 5 on the basis of increasing architectural disorganisation. It is acknowledged that 

grades 1 and 2 should not be reported in thin core biopsies and thus grade 3 tumours represent 

the lowest grade of tumour, which is considered to be well differentiated. Given that many 

prostate cancers contain more than one grading pattern, a Gleason score for each core is reported. 

A Gleason score is the sum of the most common grade (primary pattern) and the second most 

common grade (secondary pattern). As a consequence, Gleason scores range from 6 (tumours 

containing pattern 3 only, i.e., 3+3=6) to 10 (tumours containing pattern 5 only, i.e., 5+5=10).  

Although the criteria for each of the grades in the modified grading system are well described in 

the literature, there are currently issues relating to interpretation of grading by individual 

pathologists. In particular, several studies (Veloso et al., 2007) have demonstrated that 

interobserver reproducibility varies considerably in the reporting of tumour grade. For general 

pathologists, reproducibility has been shown to range from weak to moderate, while for 
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specialist urological pathologists it is either substantial
 

or good to excellent (Allsbrook et al., 

2001).
 

 

These findings imply that to achieve uniformity of grading in the pathology community, 

additional grading guidelines should be made available. This recommendation is supported by 

the observation that the provision of web-based images promotes uniformity of reporting and 

reduces interobserver variability between participating pathologists (Egevad, 2001). 

2.22 Staging of Prostate Cancer 

The process used to find out if cancer has spread within the prostate or to other parts of the body 

is called staging (Mack et al, 2006). There are several tests that the surgeon may use in the 

staging process. The biopsy and imaging tests help the Surgeon determine the stage and grade of 

the prostate cancer. This is also called the TNM system, tumor, node and metastases. 

Stage I: In stage I, cancer is found in the prostate only. The cancer is found by needle biopsy 

(done for a high PSA level) or in a small amount of tissue during surgery for other reasons (such 

as benign prostatic hyperplasia). The PSA level is lower than 10 and the Gleason score is 6 or 

lower; or the cancer is found in one-half  of one lobe of the prostate. The PSA level is lower than 

10 and the Gleason score is 6 or lower; or it cannot be felt during a digital rectal examination and 

cannot be seen in imaging tests. Cancer is found in one-half or less of one lobe of the prostate.  

Stage II: In stage II, cancer is more advanced than in stage I, but has not spread outside the 

prostate.  

 Stage II   

Stage II is classified into stages IIA and IIB. In stage IIA, cancer is found by needle biopsy (done 
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for a high PSA level) or in a small amount of tissue during surgery for other reasons (such as 

benign prostatic hyperplasia). The PSA level is lower than 20 and the Gleason score is 7; or the 

cancer is found by needle biopsy (done for a high PSA level) or in a small amount of tissue 

during surgery for other reasons (such as benign prostatic hyperplasia). The PSA level is at least 

10 but lower than 20 and the Gleason score is 6 or lower or it  is found in one-half or less of one 

lobe of the prostate. The PSA level is lower than 20 and the Gleason score is 7 or it is found in 

more than one-half of one lobe of the prostate. 

In stage IIB, cancer is found in opposite sides of the prostate. The PSA can be any level and the 

Gleason score can range from 2 to 10 or the cancer cannot be felt during a digital rectal exam 

and cannot be seen in imaging tests. The PSA level is 20 or higher and the Gleason score can 

range from 2 to 10 or it cannot be felt during a digital rectal exam and cannot be seen in imaging 

tests. The PSA can be any level and the Gleason score is 8 or higher. 

Stage III: In stage III, cancer has spread beyond the outer layer of the prostate and may have 

spread to the seminal vesicles. The PSA can be any level and the Gleason score can range from 2 

to 10. 

Stage IV: In stage IV, the PSA can be any level and the Gleason score can range from 2 to 10. 

Also, cancer has spread beyond the seminal vesicles to nearby tissue or organs, such as the 

rectum, bladder, or pelvic wall or it may have spread to the seminal vesicles or to nearby tissue 

or organs, such as the rectum, bladder, or pelvic wall. Cancer has spread to nearby lymph nodes 

or the cancr has spread to distant parts of the body, which may include lymph nodes or bones. 

Prostate cancer often spreads to the bone 
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2.23 Early Detection of Prostate Cancer 

It has been wildly accepted that the prostate-specific antigen (PSA) blood test is not a perfect test 

for finding prostate cancer early (Marcione, 2011). It misses some cancers, and in other cases it 

is elevated when cancer is not present. Researchers are working on two strategies to address this 

problem. 

One approach is to try to improve on the test that measures the total PSA level, The percent-free 

PSA is one way to do this, although it requires two separate tests. Another option might be to 

measure only the "complexed" PSA (the portion of PSA that is not "free") to begin with, instead 

of the total and free PSA. This one test could give the same amount of information as the other 

two done separately.  

The other approach is to develop new tests based on other tumor marker which is the main focus 

of this present study. Several newer blood tests seem to be more accurate than the PSA test, 

based on early studies. Early results have been promising, but these and other new tests are not 

yet available outside of research laboratories and will need more study before they are widely 

used to test for prostate cancer. 

Other new tests being studied are urine tests. One test, called Progensa, looks at the level of 

prostate cancer antigen 3 (PCA3) in the urine (Wei et al, 2014: Yngve et al, 2016). The higher 

the level, the more likely that prostate cancer is present. 

2.24 Controversies in PSA Testing  

The American cancer Society‘s position regarding early detection is that research has not yet 

proven that the potential benefits of testing outweigh the harms of testing and treatment. The 

society believes that men should not be tested without learning about what is known and don‘t 
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know about the risks and possible benefits of testing and treatment. Hence one needs to talk with 

the doctor on the advantage and the disadvantage of testing so that the patient will decide the 

right choice to make. 

While a majority of men undergo PSA screening for prostate cancer, a government panel 

recommends that healthy men of all ages avoid the testing. The United State Preventive Services 

Task Force (USPSTF) is expected soon to release an updated statement on PSA testing for men, 

recommending for the first time that healthy men avoid getting regular PSA tests. This is big 

news, as PSA test is one of the most common prostate cancer tests around. A panel of experts 

reviewed the existing research and concluded that PSA screening offers men over 50 and older 

little if any survival benefit, yet raises risks of harms caused by treatment, such as erectile 

dysfunction and incontinence (Moyer, 2012). The draft from the panel revealed that above 

recommendation applies in the U.S population that do not have symptoms that are highly 

suspicious for prostate cancer, regardless of age, race, or family history. However the task force 

did not evaluate the use of the PSA test as of a diagnostic strategy in men with symptoms that are 

highly suspicious for prostate cancer. This recommendation also did not consider the use of PSA 

test for surveillance after diagnosis and/ or treatment of prostate cancer. PSA testing is 

controversial and may lead to unnecessary, even harmful, consequences in some patients, it is 

quite expensive. Testing may lead to over diagnosis. Follow-up tests may lead to painful biopsies 

which can result in excessive bleeding and infection. The discoverer of PSA, Dr. Richard  Ablin, 

concludes that the ―tests popularity has led to a hugely expensive public health disaster‖. Since 

the test was introduced, PSA screening in U.S, more than one million additional men there have 

been diagnosed and treated for prostate cancer but it has been estimated that the vast majority 

(more than 95%) of these men receive no benefit from their positive diagnosis. Several other 
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ways of evaluating the PSA tests have been developed to avoid the shortcomings of simple PSA 

screening. The use of age-specific reference ranges improves the sensitivity and specificity of the 

test. The rate of rise of PSA over time, called the PSA velocity has been used to evaluate men 

with PSA between 4 and 10ng/ml, but it has not been proven to be an effective screening test 

(Roobol et al, 2004). Comparing the PSA level with size of the prostate as measured by 

ultrasound or magnetic resonance imaging has also been studied. This comparison called PSA 

density is both costly and of 1994, this was not considered to be an effective screening test. 

After this news was posted on October 2011, reactions were fast and sometimes very furious. 

Some doctors and patient advocates defended the test, saying it is the only way to detect a cancer 

that seldom causes symptoms until it is advanced. Others countered that abnormal PSA does not 

always mean a man has cancer. Perhaps most crucially, the PSA does not differentiate the 

aggressive tumors from the far more common slow-growing, harmless ones that might never 

cause symptoms during a man‘s life. Also there is another type of prostate cancer called small 

cell carcinoma though very rare (Nutting et al 1997) that cannot be diagnosed using PSA. As of 

2009 researchers have been trying to determine the best way to screen for this type of prostate 

cancer because it is relatively unknown and rare type of prostate cancer but very serious and 

quick to spread to other parts of the body. 

2.25 Prevention of Prostate Cancer 

Researchers continue to look for foods (or substances in them) that can help lower prostate 

cancer risk. Scientists have found some substances in tomatoes (lycopenes) and soybeans 

(isoflavones) that might help prevent prostate cancer. Studies are now looking at the possible 

effects of these compounds more closely. Scientists are also trying to develop related compounds 

that are even more potent and might be used as dietary supplements. So far, most research 
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suggests that a balanced diet including these foods as well as other fruits and vegetables is of 

greater benefit than taking these substances as dietary supplements. 

Some studies have suggested that certain vitamin and mineral supplements (such as vitamin E 

and selenium) might lower prostate cancer risk. But a large study of this issue, called the 

Selenium and Vitamin E Cancer Prevention Trial (SELECT), found that neither vitamin E nor 

selenium supplements lowered prostate cancer risk after daily use for about 5 years. In fact, men 

taking the vitamin E supplements were later found to have a slightly higher risk of prostate 

cancer.  

Another vitamin that may be important is vitamin D. Recent studies (Hendrickson et al, 2011) 

have found that men with high levels of vitamin D seem to have a lower risk of developing the 

more lethal forms of prostate cancer. Overall though, studies have not found that vitamin D 

protects against prostate cancer (Feldman et al 2014) 

Many people assume that vitamins and other natural substances cause no harm, but recent 

research has shown that high doses may be harmful, including those supplements marketed 

specifically for prostate cancer. For example, one study found that men who take more than 7 

multivitamin tablets per week may have an increased risk of developing advanced prostate 

cancer. Another study showed a higher risk of prostate cancer in men who had high blood levels 

of omega-3 fatty acids. Fish oil capsules, which some people take to help with their heart, 

contain large amounts of omega-3 fatty acids. Scientists have also tested certain hormonal 

medicines called 5-alpha reductase inhibitors as a way of reducing prostate cancer risk.   
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2.26 Diagnosis of Prostate Cancer  

 Prostate disorders screening is an attempt to identify individuals with prostate disorders, i.e 

those for whom there is no reason to suspect prostate disorders. There are currently two methods 

used: Digital rectal examination and prostate specific antigen. 

Digital Rectal Examination (DRE): This examination is usually done first. DRE is part of 

routine physical examination for men over 50 years (Catalona at al, 1994). The patient is made to 

bend over a table or to lie on one side holding the knees close to the chest. The doctor slides a 

gloved, lubricated finger into the rectum and feels the part of the prostate that lies next to it. This 

test is slightly uncomfortable, but very brief. This examination tells the doctor whether the gland 

has any bumps, irregularities, soft spots or hard sports that require additional tests. If prostate 

infection is suspected, the doctor might massage the prostate during the DRE to obtain fluid for 

microscopic examination. 
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 Fig 2.2 Diagram illustrating digital rectal examination 

                       Catalona at al, 1994  
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PSA Blood Test: The prostate specific antigen is an enzyme (protein) secreted by the epithelial 

prostatic cells and is often higher in blood of men who have prostate disorders (Catalona et al, 

1994). Prostate specific antigen is a serine protease similar to kallikrein. It is also known as 

gamma-seminoprotein or kallikrein-3. Its normal function is to liquefy gelatinous semen after 

ejaculation, allowing spermatozoa to more easily navigate through the uterine cervix.   

Urinalysis: This test is required to rule out the presence of blood in urine. 

Prostate Imaging: Ultrasound (US) and Magnetic Resonance Imaging (MRI) are the two main 

imaging methods used for prostate disorders. Urologists use transrectal ultrasound during 

prostate biopsy. But US has poor tissue resolution. Prostrate MRI has superior soft tissue 

resolution. It uses magnetic fields to locate and characterize prostate cancer.  

Prostate Biopsy: If cancer is suspected, the doctor obtains tissue samples from the prostate via 

the rectum. A biopsy gun inserts and removes special hollow-core needle (usually three to six on 

each side of the prostate) in less than a second. After a prostate biopsy, the pathologist looks at 

the samples under the microscope. If cancer is present, the pathologist reports the grade of tumor. 

The grade tells how much the tumor tissue differs from normal prostate tissue and suggests how 

fast the tumor is likely to grow. The Gleason system is used to grade prostate tumors from 2 to 

10, Where a Gleason score of 10 indicates the most abnormalities. The pathologist assigns a 

number from 1 to 5 for most common pattern observed under the microscope. Suspected prostate 

cancer is typically confirmed by the microscopic examination of the biopsy samples from the 

prostate gland. Further tests, such as computed tomography (CT) scans may be required 
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Cystoscopy: Another way to see a problem from the inside is with a cystoscope, which is a thin 

tube with lenses like microscope. The tube is inserted into the bladder through the urethra while 

the doctor looks through the cytoscope. 

Urine Flow Study: The patient is asked to urinate into a special device that measures how 

quickly the urine is flowing. A reduced flow or weak stream and difficulty emptying the bladder 

may be signs of blockage caused by enlarged prostate.                       

2.27 Prostate Specific Antigen 

Prostate specific antigen is a substance produced almost exclusively by certain cells within the 

prostate gland. Biochemically, it belongs to the protease family of kallikrein and is also known 

as human kallikrein 3 (hK3). PSA is secreted by the prostate in the semen where its role is to 

liquefy the semen following ejaculation. Most of the PSA produced by the prostate gland is 

carried out of the body in semen, but a very small amount escapes into the blood stream, so PSA 

is normally found in low amounts (nanograms per milliliter or ng/mL) in the blood. The blood 

level of PSA is often elevated in men with prostate cancer, and the PSA test was originally 

approved by the Food and Drug Administration (FDA) in 1986 to monitor the progression of 

prostate cancer in men who had already been diagnosed with the disease. In 1994, the FDA 

approved the use of the PSA test in conjunction with a digital rectal exam (DRE) to test 

asymptomatic men for prostate cancer. Men who report prostate symptoms often undergo PSA 

testing (along with a DRE) to help determine the nature of the problem. PSA is measured by a 

blood test. Since the amount of PSA in the blood is very low (Catalona et al, 1994), detection of 

it requires a very sensitive type of technology (monoclonal antibody technique). The PSA protein 

can exist in the blood by itself (known as free PSA), or bound with other substances (known as 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045668&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046520&version=Patient&language=English
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bound or complexed PSA). Total PSA is the sum of the free and the bound forms. The total PSA 

is what is measured with the standard PSA test. 

In addition to prostate cancer, a number of benign (not cancerous) conditions can cause a man‘s 

PSA level to rise. The most frequent benign prostate conditions that cause an elevation in PSA 

level are prostatitis (inflammation of the prostate) and benign prostatic hyperplasia (BPH) 

(enlargement of the prostate). There is no evidence that prostatitis or BPH leads to prostate 

cancer, but it is possible for a man to have one or both of these conditions and to develop 

prostate cancer as well. 

However, more recent studies (Thompson et al, 2004) have shown that some men with PSA 

levels below 4.0 ng/mL have prostate cancer and that many men with higher levels do not have 

prostate cancer. In addition, various factors can cause a man‘s PSA level to fluctuate. For 

example, a man‘s PSA level often rises if he has prostatitis or a urinary tract infection. Prostate 

biopsies and prostate surgery also increase PSA level. Conversely, some drugs including 

finasteride and dutasteride, which are used to treat BPH, lower a man‘s PSA level. PSA level 

may also vary somewhat across testing laboratories. 

Another complicating factor is that studies to establish the normal range of PSA levels have been 

conducted primarily in populations of white men. Although expert opinions vary, there is no 

clear consensus regarding the optimal PSA threshold for recommending a prostate biopsy for 

men of any racial or ethnic group. In general, however, the higher a man‘s PSA level, the more 

likely it is that he has prostate cancer. Moreover, continuous rise in a man‘s PSA level over time 

may also be a sign of prostate cancer.  

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000257216&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046095&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045336&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000488413&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044373&version=Patient&language=English
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2.28 Causes of PSA Elevation in the Blood 

It is believed that elevation of PSA in the blood is due to its liberation into the circulation 

because of disruption of the prostate cellular architecture (structure). This can occur in the setting 

of different prostate diseases including prostate cancer. It is important to note that PSA is not 

specific to prostate cancer but to prostatic tissue and therefore PSA elevations may indicate the 

presence of any kind of prostate disease (Mac Donald 2011). The most common cause of PSA 

elevation includes benign prostatic hyperplasia (BPH = enlargement of the prostate, secondary to 

a noncancerous proliferation of prostate gland cells) and prostatitis (inflammation of the 

prostate). In fact, PSA elevation can also occur with prostate manipulation such as ejaculation, 

prostate examination, urinary retention or catheter placement, and prostate biopsy. As such, men 

choosing to undergo PSA testing should be aware of these important factors, which may 

influence results. Age and prostate volume may also influence PSA test results. The ―normal‖ 

PSA serum concentration ranges between 1.0 and 4.0 ng/mL. However, since the prostate gland 

generally increases in size and produces more PSA with increasing age, it is normal to have 

lower levels in young men and higher levels in older men. The PSA level also depends on 

ethnicity and family history of prostate cancer. 

2.29 The Limitations and Potential Harms of the PSA Test for Prostate Cancer Screening 

Detecting prostate cancer early may not reduce the chance of dying from prostate cancer. When 

used in screening, the PSA test can help detect small tumors that do not cause symptoms. 

Finding a small tumor, however, may not necessarily reduce a man‘s chance of dying from 

prostate cancer. Some tumors found through PSA testing grow so slowly that they are unlikely to 

http://www.medicinenet.com/benign_prostatic_hyperplasia/article.htm
http://www.medicinenet.com/prostatitis_inflammation_of_the_prostate_gland/article.htm
http://www.medicinenet.com/urinary_retention/article.htm
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threaten a man‘s life. Detecting tumors that are not life threatening is called ―overdiagnosis,‖ and 

treating these tumors is called ―overtreatment.‖ 

Overtreatment exposes men unnecessarily to the potential complications and harmful side effects 

of treatments for early prostate cancer, including surgery and radiation therapy. The side effects 

of these treatments include urinary incontinence (inability to control urine flow), problems with 

bowel function, erectile dysfunction (loss of erections, or having erections that are inadequate for 

sexual intercourse), and infection. In addition, finding cancer early may not help a man who has 

a fast-growing or aggressive tumor that may have spread to other parts of the body before being 

detected. 

The PSA test may give false-positive or false-negative results. A false-positive test result occurs 

when a man‘s PSA level is elevated but no cancer is actually present. A false-positive test result 

may create anxiety for a man and his family and lead to additional medical procedures, such as a 

prostate biopsy, that can be harmful. Possible side effects of biopsies include serious infections, 

pain, and bleeding. Most men with an elevated PSA level turn out not to have prostate cancer; 

only about 25 percent of men who have a prostate biopsy due to an elevated PSA level actually 

have prostate cancer (Barry, 2001). 

A false-negative test result occurs when a man‘s PSA level is low even though he actually has 

prostate cancer. False-negative test results may give a man, his family, and his doctor false 

assurance that he does not have cancer, when he may in fact have a cancer that requires 

treatment. 

Scientists are investigating ways to improve the PSA test to give doctors the ability to better 

distinguish cancerous from benign conditions and slow-growing cancers from fast-growing, 

potentially lethal cancers. Some of the methods being studied include: 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000463706&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046580&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000446980&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000373933&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000430405&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045333&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045614&version=Patient&language=English
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Free (% free) versus total PSA: The amount of PSA in the blood that is ―free‖ (not bound to 

other proteins) divided by the total amount of PSA (free plus bound). Some evidence suggests 

that a lower proportion of free PSA may be associated with more aggressive cancer. (Catalona et 

al, 1998: Alden et al, 2016) 

PSA density of the transition zone: The blood level of PSA divided by the volume of the 

transition zone of the prostate. The transition zone is the interior part of the prostate that 

surrounds the urethra. Some evidence suggests that this measure may be more accurate at 

detecting prostate cancer than the standard PSA test. (Benson et al, 1992: Catalona et al, 1994) 

Age-specific PSA reference ranges. Because a man‘s PSA level tends to increase with age 

(ACS, 2014), it has been suggested that the use of age-specific PSA reference ranges may 

increase the accuracy of PSA tests. However, age-specific reference ranges have not been 

generally favored because their use may delay the detection of prostate cancer in many men. 

PSA velocity and PSA doubling time: PSA velocity is the rate of change in a man‘s PSA level 

over time, expressed as ng/mL per year. PSA doubling time is the period of time over which a 

man‘s PSA level doubles. Some evidence suggests that the rate of increase in a man‘s PSA level 

may be helpful in predicting whether he has prostate cancer (Loeb et al, 2007).   

Pro-PSA: Pro-PSA refers to several different inactive precursors of PSA. There is some 

evidence that pro-PSA is more strongly associated with prostate cancer than with BPH. One 

recently approved test combines measurement of a form of pro-PSA called [-2] proPSA (Na et 

al, 2014: Peter et al, 2016) with measurements of PSA and free PSA. The resulting ―prostate 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046640&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044373&version=Patient&language=English
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health index‖ can be used to help a man with a PSA level of between 4 and 10 ng/mL decide 

whether he should have a biopsy. 

A relatively new test called "ultrasensitive PSA" (USPSA) has been reported. It has been 

suggested that this test may be useful in monitoring for persistence or recurrence of cancer after 

treatment. This test detects PSA at much lower levels than the traditional test. It has been 

suggested that increases in PSA due to the persistence or return of cancer can be identified much 

sooner with this test. However, results of this test must be interpreted with caution. Because the 

test is very sensitive, there can be an increase in PSA levels from one time to the next even when 

no cancer is present (false positive). 

2.30 Treatment of Prostate Cancer 

2.31 Active Surveillace 

Active Surveillance: This concept means monitoring the cancer closely with prostate-specific 

antigen blood tests, digital rectal examinations (DREs), and ultrasounds at regular intervals to 

see if the cancer is growing. Prostate biopsies may be done as well to see if the cancer is 

becoming more aggressive. With active surveillance, the cancer will be monitored carefully. 

Usually this approach includes a doctor visit with a PSA blood test and DRE about every 3 to 6 

months. Transrectal ultrasound-guided prostate biopsies may be done every year as well.  

Treatment can be started if the cancer seems to be growing or getting worse, based on a rising 

PSA level or a change in the DRE, ultrasound findings, or biopsy results. On biopsies, an 

increase in the Gleason score or extent of tumor (based on the number of biopsy samples 

containing tumor) are both signals to start treatment (usually surgery or radiation therapy). 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045164&version=Patient&language=English
http://labtestsonline.org/glossary/false-positive
http://www.cancer.org/ssLINK/prostate-cancer-diagnosis
http://www.cancer.org/ssLINK/prostate-cancer-treating-surgery
http://www.cancer.org/ssLINK/prostate-cancer-treating-radiation-therapy
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2.32 Watchful Waiting 

Observation is sometimes used to describe a less intensive type of follow-up that may mean 

fewer tests and relying more on changes in a man‘s symptoms to decide if treatment is needed. 

Not all clinicians agree with these definitions or use them exactly this way. In fact, some 

clinicians prefer to no longer use the term watchful waiting. They feel it implies that nothing is 

being done, when in fact a man is still being closely monitored.  

Watchful waiting and active surveillance are reasonable options for some men with slow-

growing cancers because it is not known whether treating the cancer with surgery or radiation 

will actually help them live longer. These treatments have definite risks and side effects that may 

outweigh the possible benefits for some men. Some men are not comfortable with this approach, 

and are willing to accept the possible side effects of active treatments to try to remove or destroy 

the cancer. 

2.33 Surgery for Prostate Cancer  

A radical prostatectomy is the surgical removal of the prostate gland. This treatment is an option 

for curing localized prostate cancer and locally-advanced prostate cancer (Oleksandr et al 2016). 

Like any operation, this surgery carries some risks, and there may be some side effects. These 

are outlined below. 

I. Some men have problems with urinary incontinence. This can range from leaking small drips 

of urine, to leaking larger amounts. However, for most men, this usually clears up within 

three to six months of the operation. About two in every 10 men have long-term problems 

requiring the use of pads.  

II. Some men have problems getting an erection (erectile dysfunction). For some men, this 

improves with time, but around half of men will have long-term problems.  

http://www.nhs.uk/conditions/Incontinence-urinary/Pages/Introduction.aspx
http://www.nhs.uk/conditions/Erectile-dysfunction/Pages/Introduction.aspx
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III. In extremely rare cases, problems arising after surgery can be fatal. For example, one in 

1,000 men under 65 years old and one in 200 men over 65 will die following a radical 

prostatectomy.  

For many men, having a radical prostatectomy will get rid of the cancer cells. However, for 

around one in three men, the cancer cells may not be fully removed, and the cancer cells may 

return some time after the operation. 

The application of radiotherapy after prostate removal surgery may increase the chances of a 

cure of prostate cancer, although research is still being carried out as regards when it should be 

used after surgery. After a radical prostatectomy, the person will no longer ejaculate during sex. 

This means that the person will not be able to have a child through sexual intercourse. There is 

no age threshold for radical prostatectomy and a patient should not be denied this procedure on 

the grounds of age alone (Droz et al., 2010).  Increasing co- morbidity greatly increases the risk 

of dying from non-prostate cancer -related causes (Albertsen et al., 2011) and  an estimation of 

life expectancy is paramount in counselling a patient about surgery (Walz et al, 2007). 

2.34 Radiation Therapy for Prostate Cancer 

Radiation therapy uses high-energy rays or particles to kill cancer cells. Radiation may be used: 

I. As the first treatment for low-grade cancer that is still just in the prostate gland. Cure 

rates for men with these types of cancers are about the same as those for men getting 

radical prostatectomy.  

II. As part of the first treatment (along with hormone therapy) for cancers that have grown 

outside of the prostate gland and into nearby tissues. 

http://www.cancer.org/ssLINK/prostate-cancer-treating-surgery
http://www.cancer.org/ssLINK/prostate-cancer-treating-hormone-therapy
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III. If the cancer is not removed completely or comes back (reocurs) in the area of the 

prostate after surgery.  

IV. If the cancer is advanced, radiation helps to reduce the size of the tumor and to provide 

relief from present and possible future symptoms.  

The National Institutes of Health (NIH) stated that ―external irradiation offers the same long-

term survival results as surgery‖. Moreover, external beam radiotherapy (EBRT) provides a 

quality of life at least as good as that following surgery (Bolla et al, 2002). A more recent 

systematic review has provided a more sophisticated overview of outcomes from reports that 

meet the criteria for stratifying patients by risk group, standard outcome measures, numbers of 

patients, and minimum median follow-up period.  

2.35 Brachytherapy  

Brachytherapy is a form of radiotherapy where the radiation dose is delivered inside the prostate 

gland. It is also known as internal or interstitial radiotherapy. 

The radiation can be delivered using a number of tiny radioactive seeds that are surgically 

implanted into the tumour. This is called low dose-rate brachytherapy. The radiation can also be 

delivered through hollow, thin needles placed inside the prostate. This is called high dose-rate 

brachytherapy. This method has the advantage of delivering a high dose of radiation to the 

prostate, while minimising damage to other tissues. However, the risk of sexual dysfunction and 

urinary problems is the same as with radiotherapy, although the risk of bowel problems is 

slightly lower. 

http://www.cancer.org/ssLINK/prostate-cancer-treating-surgery


 

 

54 

2.36 Hormone (Androgen Deprivation) Therapy for Prostate Cancer 

Hormone therapy is also called androgen deprivation therapy (ADT) or androgen suppression 

therapy. The goal is to reduce levels of male hormones, called androgens, in the body, or to stop 

them from affecting prostate cancer cells.  

The main androgens are testosterone and dihydrotestosterone (DHT). Most of the body‘s 

androgens come from the testicles, but the adrenal glands also make a small amount. Androgens 

stimulate prostate cancer cells to grow (Gann et al, 1996). Lowering androgen levels or stopping 

them from getting into prostate cancer cells often makes prostate cancers shrink or grow more 

slowly for a time. But hormone therapy alone does not cure prostate cancer.  

Hormone therapy may be used: 

I. If the cancer has spread too far to be cured by surgery or radiation. 

II. If the cancer remains or comes back after treatment with surgery or radiation therapy 

III. Along with radiation therapy as initial treatment if a patient is at higher risk of the cancer 

coming back after treatment (based on a high Gleason score, high PSA level, and/or 

growth of the cancer outside the prostate) 

IV. Before radiation to try to shrink the cancer to make treatment more effective 

Several types of hormone therapy can be used to treat prostate cancer. Some lower the levels of 

testosterone or other androgens (male hormones). Others block the action of those hormones. 

2.37 Treatments to Lower Androgen Levels 

2.38 Orchiectomy (surgical castration) 

Even though this is a type of surgery, its main effect is as a form of hormone therapy. In this 

operation, the surgeon removes the testicles, where most of the androgens (testosterone and 

http://www.cancer.org/ssLINK/prostate-cancer-treating-surgery
http://www.cancer.org/ssLINK/prostate-cancer-treating-radiation-therapy
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DHT) are produced. With this source removed, most prostate cancers stop growing or shrink for 

a time.  This is probably the least expensive and simplest way to reduce androgen levels in the 

body. But unlike some of the other methods of lowering androgen levels, it is permanent, and 

many men have trouble accepting the removal of their testicles. Some men having the procedure 

are concerned about how it will look afterward. If wanted, artificial silicone sacs can be inserted 

into the scrotum. These look much like testicles. Bilateral orchiectomy which can be total or 

subcapsular (i.e. with preservation of tunica albuginea and epididymis), is a simple and virtually 

complication-free surgical procedure. It is easily performed under local anaesthesia and is the 

quickest way to achieve a castration level, usually within less than 12 hours. (Desmond et al., 

1988) 

2.39 Luteinizing Hormone-Releasing Hormone (LHRH) Analogs 

These drugs lower the amount of testosterone produced by the testicles. Treatment with these 

drugs is sometimes called chemical castration or medical castration because they lower androgen 

levels just as well as orchiectomy. 

Even though LHRH analogs (also called LHRH agonists or GnRH agonists) cost more than 

orchiectomy and require more frequent physician visits, most men choose this method. These 

drugs allow the testicles to remain in place, but the testicles will shrink over time, and they may 

even become too small to feel.  

LHRH analogs are injected or placed as small implants under the skin. Depending on the drug 

used, they are given anywhere from once a month up to once a year. The LHRH analogs 

available are leuprolide (Lupron, Eligard), goserelin (Zoladex), triptorelin (Trelstar), and 

histrelin (Vantas). 
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When LHRH analogs are first given, testosterone levels go up briefly before falling to very low 

levels. This effect is called flare and results from the complex way in which LHRH analogs 

work. Men whose cancer has spread to the bones may have bone pain. If the cancer has spread to 

the spine, even a short-term increase in tumor growth as a result of the flare could compress the 

spinal cord and cause pain or paralysis. Flare can be avoided by giving drugs called anti-

androgens for a few weeks when starting treatment with LHRH analogs. 

Chronic exposure to LHRH agonists eventually results in down-regulation of LHRH-receptors, 

suppressing pituitary LH and FSH secretion and testosterone production. Testosterone levels 

decrease to castration levels usually within 2-4 weeks (Klotz et al., 2008). However, about 10% 

of patients treated with LHRH agonists fail to achieve castration levels (Crawford et al., 2011).  

However, LHRH antagonists (i.e. degarelix) rapidly and directly inhibit the release of androgens, 

unlike LHRH agonists that initially stimulate LHRH receptors before leading to hypogonadism  

2.40 Chemotherapy 

Chemotherapy is mainly used to treat prostate cancer that has spread to other parts of the body 

(metastatic prostate cancer) and which is not responding to hormone therapy. Chemotherapy 

destroys cancer cells by interfering with the way they multiply. Chemotherapy does not cure 

prostate cancer, but can keep it under control and reduce symptoms (such as pain) so everyday 

life is less affected. The main side effects of chemotherapy are caused by their effects on healthy 

cells, such as immune cells. They include infections, tiredness, hair loss, sore mouth, loss of 

appetite, nausea and vomiting.  

http://www.nhs.uk/Conditions/Chemotherapy/Pages/Definition.aspx
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2.41 Sarcosine 

Sarcosine, also known as N-methylglycine with the chemical formula CH3NHCH2COOH, was 

firstly isolated and named by German chemist Justus von Liebig in 1847. It is a non-

proteinogenic amino acid that occurs as an intermediate product in the synthesis and degradation 

of amino acid glycine (Issaq et al, 2011). Sarcosine is an amino acid that is an intermediate and 

byproduct in glycine synthesis and degradation with potential anti-depressant and anti-

schizophrenic activities. Sarcosine is a product of dietary consumption of choline and creatine 

and is rapidly converted into glycine. Sarcosine is synthesized by the glycine N-

methyltransferase (GMNT) enzyme which uses a methyl group from S-Adenosyl Methionine to 

donate to Glycine, creating sarcosine and S-adenosylhomocysteine. It is also metabolized by 

either the sarcosine dehydrogenase (SARDH) enzyme or pipecolic acid oxidase (PIPOX). 

S-adenosylmethionine (SAM) dependent methyltransferases, a common group of enzymes in the 

mammalian cell, are involved in numerous reactions of small molecule biosynthesis as well as 

DNA, RNA and protein methylation. One such enzyme, glycine N-methyltransferase (GNMT), 

catalyzes the transfer of a methyl group from SAM to the amino group of glycine producing 

sarcosine (N-methylglycine) and S-adenosylhomocysteine (SAH) . Sarcosine, an intermediate in 

the pathway of degradation of choline and betaine, might be important in the regulation of 

osmosis and protein stabilization. It can be rapidly converted to glycine by folate-dependent 

sarcosine dehydrogenase. In combination with this reaction, GNMT catalysis constitutes a 

metabolic cycle, which degrades SAM and simultaneously incorporates the active methyl group 

into the intracellular folate pool. In this regard, this cycle counterbalances the activated folate 

methyl cycle, which supplies methyl groups from the folate pool to SAM through the 

biosynthesis of methionine. It has been proposed that the functional significance of the GNMT 

http://pubchem.ncbi.nlm.nih.gov/compound/glycine
http://pubchem.ncbi.nlm.nih.gov/compound/choline
http://pubchem.ncbi.nlm.nih.gov/compound/creatine
http://pubchem.ncbi.nlm.nih.gov/compound/glycine
http://examine.com/supplements/S-Adenosyl+Methionine/
http://examine.com/supplements/Glycine/
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reaction is associated with the control of SAM/SAH ratio and the overall methylation potential of 

the cell.  

DNA methylation is the best known epigenetics alteration in prostate cancer. DNA methylation 

can regulate gene expression and can function in favor of malignancy-associated phenotypes 

such as cellular differentiation, growth, migration and invasion, metastasis, apoptosis, hormonal 

regulation of steroid receptors, and DNA repair. DNA methylation appears to be very sensitive to 

external stimuli or influences such as diet and oxidative stress.  

The dynamics of DNA methylation are controlled by the availability of methyl groups (methyl 

donors), the utilization of these groups by DNA methyl transferase (DNMT), DNA 

demethylation processes–whether active or passive, cell responsiveness to DNA methylation 

defects, as well as abundance of methyl group acceptors and enzymes in the cell  (Ross, 2003). 

Dietary sources of methyl donors include folate, methionine, vitamin B12, betaine, and choline 

(Blusztajn, 1998). The ―ultimate‖ methyl donor, S-adenosylmethionine (SAM) is eventually 

derived from these dietary sources and also from cellular recycling of S-adenosylhomocysteine 

(SAH). In some studies, insufficient dietary methyl donors resulted in a decreased availability of 

SAM in vivo (Hoffman, 1981: Shivapurkar and Poirier, 1983) whereas a diet proficient in the 

same compounds consequently resulted in an increase in SAM. Another example of this 

dependence was seen in rats in which dietary betaine caused increased synthesis of betaine–

homocysteine methyltransferase–the enzyme that transfers methyl groups to SAH to produce 

SAM (Finkelstein et al, 1983). The effect of methyl donor enriched diets on one of the end 

products, methylation of DNA or histones is not so straight forward. Studies have reported that 

disruption of folate metabolism resulted in global hypomethylation of  DNA (Alonso-Aperte et 

al, 1999), and in another study in mice, an excess of methionine intake resulted in methylation of 
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genes in the mouse frontal cortex (Tremolizzo et al, 2005). On the other hand, Kovacheva and 

colleagues have shown that when choline is in short supply in the diet, a reverse adaptive 

epigenetic response occurs that causes an upregulation of DNMT-1 and increase in global DNA 

methylation in rat fetal liver and brain (Kovacheva et al, 2007). 

2.42 Metabolism of Sarcosine 

Metabolites play essential role in an understanding the biological reactions and thereby the 

changes in their levels contribute to the development of new diagnostic and therapeutic methods 

to diagnose specific diseases (Metallo, 2012:  Burton et al, 2012). Biochemical pathways of 

formation and oxidation of sarcosine occur in mitochondria and are provided by two basic 

pathways. Phosfatidylethylamine is methylated repeatedly by S-adenosylmethionine (SAM) 

during transulfuration to phosphatidylcholine in the first pathway with the resulting intermediate 

product betaine. This reaction forms dimethylglycine and regenerates methionine from 

homocysteine. Dimethylglycine is subsequently converted to sarcosine via dimethylglycine 

dehydrogenase (DMGDH) (Montrose et al, 2012). The second metabolic pathway creates 

sarcosine during the transformation of the methyl group of S-adenosylmethionine catalysed by 

the enzyme glycine-N-methyltransferase (GNMT), that is a tetramer of identical 32 kDa subunits 

(Luka et al, 2012). These two reactions ultimately produce 5, 10-methylenetetrahydrofolate and 

are dependent on oxidized flavoproteins (e.g., flavin adenine dinucleotide (FAD
+
). This pathway 

also includes an oxidative phase, which removes the methyl group from sarcosine to create 

glycine and an active one-carbon unit by sarcosine dehydrogenase (SARDH), a mitochondrial 

flavoprotein (Bar-joseph et al. 2012) which, in a study by Montrose et al., was observed within 

the tumour tissue with GNMT and other enzymes and can explain the increases in sarcosine 
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levels . The absence of the activity of SARDH involves also conversion of choline to glycine in 

humans; this is transmitted genetically and represents a disorder in metabolism of amino acid 

that is manifested as sarcosinemia, a surplus of sarcosine accompanied by high concentrations of 

sarcosine in blood and urine (Bergeron et al, 1998). 
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Fig 2.3 Sarcosine Metabolism 

 

DebRoy et al, 2013 
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2.43  Molecular Biology of Sarcosine 

Glycine N-methyltransferase (GNMT) acts as an essential component that influences synthesis 

of sarcosine (Wang et al, 2011). Synthesis of GNMT is controlled by the same gene named 

GNMT. It has recently been reported that the GNMT gene is located on the short (p) arm of 

chromosome 6 at position 12 and acts as a tumour-susceptible gene (Song et al, 2011). 

According to the study by Ianni et al. (2013) T allele of the rs9462856 SNP in the promoter 

region of the GNMT gene is overexpressed in patients suffering from cancer of the prostate and 

its overexpression significantly increases the risk of the disease (Ianni et al 2013). Phenotypic 

analysis of three GNMT haplotypes (A, B, and C) indicated that haplotype C had the highest 

promoter activity and haplotype B had significantly higher activity compared to the haplotype A. 

The difference between the haplotypes B and C is due to the T allele of SNP1 that exerts a strong 

disequilibrium. The GNMT gene contains in TATA-less core promoter region the Sp1 site and a 

CCAAT-box that is one of the most ubiquitous elements being present in 30% of all eukaryotic 

promoters (Nardini et al, 2013). This region represents a binding site for the transcriptional 

factor, NF-Y, a trimer with histone-like subunits NF-YB/NF-YC and the sequence-specific NF-

YA (Dolfini et al, 2012). NF-Y is a sequence-specific transcription factor with nucleosome-like 

properties in nonspecific DNA binding that helps to establish permissive chromatin 

modifications at CCAAT promoters. 

The expression of the GNMT induced in this manner leads to synthesis of GNMT that 

contributes to the regulation of the level of S-adenosylmethionine (SAM) and influences gene 

expression by affecting the DNA methylation. DNA methylation is an essential process in the 

body. Methyl groups transferred by SAM are used to synthesize many essential compounds 
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including creatine and/or phosphatidylcholine. In addition, DNA methylation is essential for 

regulation of gene expression. Deficiency of donors of methyl group (e.g., choline and 

methionine) or coenzymes of metabolism of methyl group (e.g., folate and vitamin B12) disturbs 

the intracellular levels of S-adenosylmethionine, triggers the DNA hypomethylation, and 

promotes cancers of the liver, prostate, and other organs . Patients suffering from cancer of the 

prostate have been revealed to show a decreased methylation of DNA, whereas patients positive 

for the GNMT T allele had a lower level of methylated DNA than controls with the same allele  

(Ianni et al, 2013). GNMT also binds a number of polycyclic aromatic hydrocarbons and inhibits 

the formation of DNA adducts. 

Due to properties of GNMT, its excessive production causes  an excess  cleavage of glycine to 

sarcosine and elevates the presence of sarcosine in blood.  Stabler et al. (2011) reported that 

increased flux through the GNMT gene results in the increased formation of homocysteine and 

sarcosine through increased utilization of SAM. This makes sarcosine interesting in the field of 

non-invasive cancer biomarkers.  Supplementation of sarcosine to prostate cancer cell lines 

induced a selection of invasive phenotype in culture. Dahl et al. (2011) reported for the first time 

on a significant upregulation of a potent oncoprotein human epidermal growth factor receptor 2 

(HER2/neu) in androgen-dependent prostate cancer cells upon exposure to exogenous sarcosine.     
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Fig 2.4 Structure of human cine-N-methyltransferase (GNMT) gene in connection with scheme of 

sarcosine genesis in biochemical pathway. 

Sunipa, 2011 
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2.44 Creatinine                                                                                                                                                                       

Creatinine is the cyclic anhydride of creatine that is produced as the final product of 

decomposition of phosphocreatine (Carl et al, 2006). Virtually all filtered creatinine by the 

glomerulus of the kidney is excreted in the urine, hence, a good diagnostic indicator of renal 

function. The serum creatinine concentrations are influenced by age, sex, muscle mass, and 

intake and absorption of dietary creatine and creatinine present in meat (Perrone et al., 1992).  

Potential correlates of serum creatinine includes ethnicity, weight, body mass index (BMI), lean 

mass, and upper arm circumference, serum triglycerides and total cholesterol, physical activity, 

blood pressure, diseases such as diabetes, hypertension, and heart disease, and use of 

antihypertensive medication, statins, cimetidine, or diuretics (Vikse et al., 2004).  

Serum creatinine, a measure of renal function is also influenced by other factors and therefore 

not a specific or sensitive indicator of renal disease within normal ranges (Coresh et al., 2001).   

Serum creatinine could be a marker for homocysteine status and one carbon metabolism, as 

synthesis of the fomer results in removal of a methyl group from S-adenosylmethionine, creating  

homocysteine, and potentially reducing availability of one-carbon groups for DNA methylation, 

synthesis, and repair (Eto and Krumdieck, 1986, Stead, 2006  ). In other words the synthesis of 

creatine, which is converted to creatinine in muscle cells, requires a methyl group from S-

adenosylmethionine, which in turn is converted via adenosylhomocysteine to homocysteine. 

Previous studies (Jac ques et al, 2001: Elshorbagy et al, 2007), have shown that serum creatinine 

correlated with serum homocysteine. Creatinine could also be considered a proxy for meat 

consumption, where lower levels are associated with reduced intake (Levey et al 1988). Studies 

among prostate cancer patients have also shown that serum creatinine is associated with more 
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advanced disease (Chiong et al, 2005) and with decreased survival, although this relationship is 

not supported by some studies (Merseburger et al., 2001). Elevated serum creatinine was also 

associated with reduced survival in a group of men with hormone-resistant prostate cancer 

(Fossa et al., 1992). In other studies, significant relationships between elevated serum creatinine 

and disease stage, recurrence, progression, or mortality were attenuated when adjusted for other 

factors (e.g., age, stage, race, or PSA), or were only marginally significant or not associated 

(Merseburger et al., 2001).  

2.45 Engrailed -2 Gen Protein 

Engrailed 2 gene protein or homeobox protein that in humans is encoded by the EN2 gene. It is  

a member of the HOX gene family. Homeobox-containing genes are thought to have a role in 

controlling development. In Drosophila, the 'engrailed' (en) gene plays an important role during 

development in segmentation, where it is required for the formation of posterior compartments. 

Different mutations in the mouse homologs, En1 and En2, produced different developmental 

defects that frequently are lethal. The human engrailed homologs 1 and 2 encode homeodomain-

containing proteins and have been implicated in the control of pattern formation during 

development of the central nervous system (Brunet et all, 2005). 

2.46  5-Alpha Reductase 

The 5-alpa reductase enzyme is involved in processing androgens, which are hormones that 

direct male sexual development. Specifically, the enzyme is responsible for a chemical reaction 

that converts the hormone testosterone to a more potent androgen, dihydrotestosterone (DHT), in 

male reproductive tissues. Testosterone and DHT are essential for the normal development of 

male sex characteristics. Before birth, testosterone is responsible for the formation of internal 

http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Homeobox
http://en.wikipedia.org/wiki/Drosophila
http://en.wikipedia.org/wiki/Pattern_formation
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male genitalia, including the tubes that collect sperm and carry it out of the testes (the epididymis 

and vas deferens) and glands that help produce semen (the seminal vesicles). 

Dihhdrotestosterone directs the development of the external genitalia, including the penis and 

scrotum, and the prostate gland. During puberty, these two hormones also play an important role 

in the development of male secondary sex characteristics such as the growth of facial and body 

hair, increased muscle mass, and deepening of the voice. 

The 5- alpha-reductase is an enzyme that is present in highest concentration in the male 

reproductive tissues, the skin, especially that overlying the genitalia, and the liver. Two human 

isoenzymes have been identified as 5-alpha reductase 1 and 2.  The enzyme 5 alpha-reductase 2 

is the predominant form in the prostate (Steers, 2001). The biological role of 5- alpha reductase 1 

has not yet been ascertained, but at present it cannot be ruled out that some of the actions 

ascribed to testosterone are indeed in cells producing DHT via this enzyme. The activity of 5- 

alpha-reductase is also implicated in benign prostatic hypertrophy, hirsutism and possibly male-

pattern baldness, recent evidence discounts the role of 5 alpha reductase 2 in sebaceous glands 

and acne. Specific inhibitors of both enzymes are available and finasteride, a 5 alpha-reductase 2 

inhibitor has been used successfully in clinical trials of benign prostatic hypertrophy.  

2.47 Function of the 5ARD2 Gene 

The SRD5A2 gene provides instructions for making an enzyme called steroid 5-alpha reductase 

2. This enzyme is involved in processing androgens, which are hormones that direct male sexual 

development. Specifically, the enzyme is responsible for a chemical reaction that converts the 

hormone testosterone to a more potent androgen, dihydrotestosterone (DHT), in male 

reproductive tissues. 



 

 

68 

Testosterone and DHT are essential for the normal development of male sex characteristics. 

Before birth, testosterone is responsible for the formation of internal male genitalia, including the 

tubes that collect sperm and carry it out of the testes (the epididymis and vas deferens) and 

glands that help produce semen (the seminal vesicles). DHT directs the development of the 

external genitalia, including the penis and scrotum, and the prostate gland. During puberty, these 

two hormones also play an important role in the development of male secondary sex 

characteristics such as the growth of facial and body hair, increased muscle mass, and deepening 

of the voice. 

2.48 Changes in the 5ARD Gene in Related Health Conditions 

About 50 mutations in the 5ARD2 gene have been identified in people with 5-alpha reductase 

deficiency. Most of these mutations change single protein building blocks (amino acids) in 

steroid 5-alpha reductase 2. Some of these genetic changes render the enzyme completely 

inactive. Other mutations reduce but do not eliminate the enzyme's function. 

As a result of 5ARD2 mutations, the body cannot effectively convert testosterone to DHT in 

reproductive tissues (Niu et al, 2011). A shortage of DHT disrupts the formation of external 

genitalia before birth. People with 5-alpha reductase deficiency are genetically male, with one X 

and one Y chromosome in each cell, but they may be born with external genitalia that look 

predominantly female, or that are not clearly male or clearly female (sometimes called 

ambiguous genitalia). Other affected infants have external genitalia that appear predominantly 

male, but they often have an unusually small penis (micropenis) and the urethra opening on the 

underside of the penis (hypospadias). 
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During puberty, the testes produce more testosterone. Researchers believe that people with 5-

alpha reductase deficiency develop secondary male sex characteristics in response to higher 

levels of this hormone. Some affected people also retain a small amount of 5-alpha reductase 2 

activity, which may produce DHT and contribute to the development of secondary sex 

characteristics during puberty. 

Certain normal variations (polymorphisms) in the 5ARD2 gene may be associated with prostate 

cancer. Two of these polymorphisms have been studied extensively. The most common variation 

replaces the amino acid valine with the amino acid leucine at position 89 in steroid 5-alpha 

reductase 2 (written as Val89Leu or V89L). The other variation replaces the amino acid alanine 

with the amino acid threonine at position 49 in the enzyme (written as Ala49Thr or A49T). Some 

studies (Niu et al, 2011) have suggested that these variations are associated with an increased 

risk of developing prostate cancer or having a more aggressive form of the disease. Other 

studies, however, have not shown these associations. It remains unclear what role 5ARD2 

polymorphisms play in prostate cancer risk. 

Some gene mutations are acquired during a person's lifetime and are present only in certain cells. 

These changes, which are called somatic mutations, are not inherited. Studies have shown that 

somatic 5ARD2 mutations in prostate cancer cells may be associated with the progression of 

prostate cancer. These mutations may increase the activity of steroid 5-alpha reductase 2, which 

would raise the levels of DHT in prostate tissue. 

The mechanism of androgen action varies in different tissues, but in the majority of androgen 

target tissues either testosterone or 5 alpha-dihydrotestosterone (DHT) binds to a specific 

androgen receptor to form a complex that can regulate gene expression. Testosterone is 
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metabolized to DHT by the enzyme 5 alpha-reductase. The autosomal recessive genetic disorder 

of 5 alpha-reductase deficiency has clearly shown that the requirement for DHT formation varies 

with different tissues. In this syndrome genetic males contain normal male internal structures 

including testes, but exhibit ambiguous or female external genitalia at birth; at puberty they 

undergo partial virilization which includes development of a male gender identity even if 

brought up as females. Their development suggests that testosterone itself is able to stimulate 

psychosexual behaviour, development of the embryonic wolffian duct, muscle development, 

voice deepening, spermatogenesis, and axillary and pubic hair growth; DHT seems to be 

essential for prostate development and growth, the development of the external genitalia and 

male patterns of facial and body hair growth or male-pattern baldness. How different hormones 

operate to regulate genes via the same receptor is currently unknown, but appears to involve cell-

specific factors. The 5-alpha-reductase enzyme has proved difficult to isolate biochemically, but 

recently at least two human isoenzymes have been identified using molecular biological 

methods. All the various 5 alpha-reductase-deficient kindreds have been shown to have 

mutations in 5 alpha-reductase 2, the predominant form in the prostate. The biological role of 5 

alpha-reductase 1 has not yet been ascertained, but at present it cannot be ruled out that some of 

the actions ascribed to testosterone are indeed in cells producing DHT via this enzyme. The 

activity of 5 alpha-reductase is also implicated in benign prostatic hypertrophy, hirsutism and 

possibly male-pattern baldness (Vassiliadi and Barber , 2009).; recent evidence discounts the role 

of 5 alpha reductase 2 in sebaceous glands and acne. Specific inhibitors of both enzymes are now 

available and finasteride, a 5 alpha-reductase 2 inhibitor, has been used successfully in clinical 

trials of benign prostatic hypertrophy. Knowledge of 5 alpha-reductase is expanding dramatically 
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at the moment with the application of molecular biological methods. The advent of antibodies to 

the isoenzymes should herald further understanding of their biological and clinical roles. 

 2.49 Risks, safety, danger, side effects of 5 alpha reductase Inhibitors 

Reduced libido and impotence can be a concern with the use of finasteride and dutasteride. The 

5alpha-reductase inhibitors, finasteride and dutasteride, are associated with erectile dysfunction 

(ED), ejaculatory dysfunction and decreased libido. Prostate enlargement is a common problem 

in middle-aged and elderly men (Berry et al, 1984). First-line medical therapy includes alpha 1 

blockers and 5alpha-reductase inhibitors (5ARIs), such as finasteride and dutasteride. 5ARI use 

has been associated with adverse sexual outcomes. These effects occur early in therapy. A 

proposed mechanism for sexual dysfunction involves decreased nitric oxide synthase activity due 

to decreased dihydrotestosterone. Though theories have been proposed, there is more needs to 

know about the exact mechanisms behind 5ARI-related sexual dysfunction. Many men report 

lower vitality, lower mood, and easier abdominal weight gain. Many herbal aphrodisiacs can 

reverse some of the decline in libido. 

 Clinical trials with 5ARI report reveal decreased circulating dihydrotestosterone (DHT) 

resulting in diminished sexual desire and/or orgasm (Gur et al, 2013). The presence of adverse 

sexual effects is associated with decreased self-esteem, quality of life and ability to maintain an 

intimate relationship. Inhibition of 5ARI additionally influences progesterone and 

deoxycorticosterone levels and may alter psychological functions, including increased 

depression, melancholy and loss of general well-being. 

 

http://www.aphrodisiacsnatural.com/
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2.50 Vitamin D 

Vitamin D refers to a group of fat-soluble secosteroids responsible for enhancing intestinal 

absorption of calcium, iron, magnesium, phosphate and zinc. In humans, the most important 

compounds in this group are Vitamin D3 and Vitamin D2. Vitamin D is naturally present in ery 

fre foods, added to others, and available as a dietary supplement. It is also produced 

endogenously when ultraviolet rays from sunlight strike the skin and trigger vitamin D synthesis. 

Vitamin D obtained from sun exposure, food, and supplements is biologically inert and must 

undergo two hydroxylation in the body for activation. The first occurs in the liver and converts 

vitamin D to 25-hydroxyvitamin D [25(OH)D], also known as calcidiol. The second occurs 

primarily in the kidney and forms the physiologically active 1,25-dihydroxyvitamin D 

(1,25(OH)2D), also known as calcitriol.  

Vitamin D promotes calcium absorption in the gut and maintains adequate serum calcium and 

phosphate concentrations to enable normal mineralization of bone and to prevent hypocalcemic 

tetany. It is also needed for bone growth and bone remodeling by osteoblasts and osteoclasts. 

Without sufficient vitamin D, bones can become thin, brittle, or misshapen. Vitamin D 

sufficiency prevents rickets in children and osteomalacia in adults. Together with calcium, 

vitamin D also helps protect older adults from osteoporosis. 

Vitamin D has other roles in the body, including modulation of cell growth, neuromuscular and 

immune function, and reduction of inflammation (Holick et al 2006). Many genes encoding 

proteins that regulate cell proliferation, differentiation, and apoptosis are modulated in part by 

vitamin D. Many cells have vitamin D receptors, and some convert 25(OH) D to 1,25 (OH)2D. 

https://ods.od.nih.gov/factsheets/Calcium/
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Serum concentration of 25(OH) D is the best indicator of vitamin D status. It reflects vitamin D 

produced cutaneously and that obtained from food and supplements and has a fairly long 

circulating half-life of 15 days. Serum25 (OH) D functions as a biomarker of exposure, but it is 

not clear to what extent 25(OH)D levels also serve as a biomarker of effect (i.e., relating to 

health status or outcomes) . Serum 25(OH)D levels do not indicate the amount of vitamin D 

stored in body tissues. 

In contrast to 25(OH) D, circulating 1,25 (OH)2D is generally not a good indicator of vitamin D 

status because it has a short half-life of 15 hours and serum concentrations are closely regulated 

by parathyroid hormone, calcium, and phosphate (Jones, 2008). Levels of 1,25 (OH)2D do not 

typically decrease until vitamin D deficiency is severe (Holick, 2007). 

 Recommended Dietary Allowances (RDAs) of Vitamin D is 800IU for adults 

2.51 Sources of Vitamin D 

Very few foods in nature contain vitamin D. The flesh of fatty fish (such as salmon, tuna, and 

mackerel) and fish liver oils are among the best sources (United State Department of Agriculture, 

2011). Small amounts of vitamin D are found in beef liver, cheese, and egg yolks. Vitamin D in 

these foods is primarily in the form of vitamin D3 and its metabolite 25(OH)D3  (Mattila et al 

,1994). Some mushrooms provide vitamin D2 in variable amounts.  

Fortified foods provide most of the vitamin D in the American diet (Calvo et al, 2004). For 

example, almost all of the U.S. milk supply is voluntarily fortified with 100 IU/cup. (In Canada, 

milk is fortified by law with 35–40 IU/100 mL, as in margarine at ≥530 IU/100 g.) In the 1930s, 

a milk fortification program was implemented in the United States to combat rickets, then a 

major public health problem. Other dairy products made from milk, such as cheese and ice 
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cream, are generally not fortified. Ready-to-eat breakfast cereals often contain added vitamin D, 

as do some brands of orange juice, yogurt, margarine and other food products. 

Sun Exposure: Most people meet at least some of their vitamin D needs through exposure to 

sunlight. Ultraviolet (UV) B radiation with a wavelength of 290–320 nanometers penetrates 

uncovered skin and converts cutaneous 7-dehydrocholesterol to previtamin D3, which in turn 

becomes vitamin D3. Season, time of day, length of day, cloud cover, smog, skin melanin 

content, and sunscreen are among the factors that affect UV radiation exposure and vitamin D 

synthesis.  Perhaps surprisingly, geographic latitude does not consistently predict average serum 

25(OH) D levels in a population. Ample opportunities exist to form vitamin D (and store it in the 

liver and fat) from exposure to sunlight during the spring, summer, and fall months even in the 

far north latitudes. 

Complete cloud cover reduces UV energy by 50%; shade (including that produced by severe 

pollution) reduces it by 60% (Wharton and Bishop 2003). UVB radiation does not penetrate 

glass, so exposure to sunshine indoors through a window does not produce vitamin D. 

Sunscreens with a sun protection factor (SPF) of 8 or more appear to block vitamin D-producing 

UV rays, although in practice people generally do not apply sufficient amounts, cover all sun-

exposed skin, or reapply sunscreen regularly. Therefore, skin likely synthesizes some vitamin D 

even when it is protected by sunscreen as typically applied. 

The factors that affect UV radiation exposure and research to date on the amount of sun exposure 

needed to maintain adequate vitamin D levels make it difficult to provide general guidelines. It 

has been suggested by some vitamin D researchers, for example, that approximately 5–30 

minutes of sun exposure between 10 am and 3 pm at least twice a week to the face, arms, legs, or 
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back without sunscreen usually lead to sufficient vitamin D synthesis and that the moderate use 

of commercial tanning beds that emit 2%–6% UVB radiation is also effective (Holick, 2002). 

Individuals with limited sun exposure need to include good sources of vitamin D in their diet or 

take a supplement to achieve recommended levels of intake. 

Despite the importance of the sun for vitamin D synthesis, it is prudent to limit exposure of skin 

to sunlight and UV radiations (International Agency for Research on Cancer, 2006). Ultravoilet 

radiation is a carcinogen responsible for most of the estimated 1.5 million skin cancers and the 

8,000 deaths due to metastatic melanoma that occur annually in the United States. Lifetime 

cumulative UV damage to skin is also largely responsible for some age-associated dryness and 

other cosmetic changes. The American Academy of Dermatology advises that photoprotective 

measures be taken, including the use of sunscreen, whenever one is exposed to the sun. 

Assessment of vitamin D requirements cannot address the level of sun exposure because of these 

public health concerns about skin cancer, and there are no studies to determine whether UVB-

induced synthesis of vitamin D can occur without increased risk of skin cancer. 

2.52 Vitamin D Deficiency 

Nutrient deficiencies are usually the result of dietary inadequacy, impaired absorption and use, 

increased requirement, or increased excretion. A vitamin D deficiency can occur when usual 

intake is lower than recommended levels over time, exposure to sunlight is limited, the kidneys 

cannot convert 25(OH)D to its active form, or absorption of vitamin D from the digestive tract is 

inadequate. Vitamin D-deficient diets are associated with milk allergy, lactose intolerance, ovo-

vegetarianism, and veganism. Rickets and osteomalacia are the classical vitamin D deficiency 

diseases. In children, vitamin D deficiency causes rickets, a disease characterized by a failure of 
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bone tissue to properly mineralize, resulting in soft bones and skeletal deformities (Wharton and 

Bishop, 2003).  In adults, vitamin D deficiency can lead to osteomalacia, resulting in weak 

bones. Symptoms of bone pain and muscle weakness can indicate inadequate vitamin D levels, 

but such symptoms can be subtle and go undetected in the initial stages. 

2.53  Groups at Risk of Vitamin D Inadequacy 

Obtaining sufficient vitamin D from natural food sources alone is difficult. For many people, 

consuming vitamin D-fortified foods and, arguably, being exposed to some sunlight are essential 

for maintaining a healthy vitamin D status. In some groups, dietary supplements might be 

required to meet the daily need for vitamin D. 

2.54 Breastfed Infants 

Vitamin D requirements cannot ordinarily be met by human milk alone (Picciano, 2001), which 

provides <25 IU/L to 78 IU/L (Wagner and Greer, 2008) . (The vitamin D content of human milk 

is related to the mother's vitamin D status, so mothers who supplement with high doses of 

vitamin D may have correspondingly high levels of this nutrient in their milk . A review of 

reports of nutritional rickets found that a majority of cases occurred among young, breastfed 

African Americans (Weisberg, 2004). Survey of Canadian pediatricians found the incidence of 

rickets in their patients to be 2.9 per 100,000; almost all those with rickets had been breast fed 

(Ward et al 2007). 

2.55 Older Adults 

Older adults are at increased risk of developing vitamin D insufficiency in part because, as they 

age, skin cannot synthesize vitamin D as efficiently, they are likely to spend more time indoors, 
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and they may have inadequate intakes of the vitamin . As many as half of older adults in the 

United States with hip fractures could have serum 25(OH) D levels <30 nmol/L (<12 ng/mL). 

2.56 People with Limited Sun Exposure 

Homebound individuals, women who wear long robes and head coverings for religious reasons, 

and people with occupations that limit sun exposure are unlikely to obtain adequate vitamin D 

from sunlight (Webb et al 1998). Because the extent and frequency of use of sunscreen are 

unknown, the significance of the role that sunscreen may play in reducing vitamin D synthesis is 

unclear. Ingesting RDA levels of vitamin D from foods and/or supplements will provide these 

individuals with adequate amounts of this nutrient. 

2.57 People with Dark Skin 

Greater amounts of the pigment melanin in the epidermal layer result in darker skin and reduce 

the skin's ability to produce vitamin D from sunlight. Various reports consistently show lower 

serum 25(OH) D levels in persons identified as black compared with those identified as white. It 

is not clear that lower levels of 25(OH) D for persons with dark skin have significant health 

consequences. Those of African American ancestry, for example, have reduced rates of fracture 

and osteoporosis compared with Caucasians. Ingesting RDA levels of vitamin D from foods 

and/or supplements will provide these individuals with adequate amounts of this nutrient. 

2.58 Vitamin D and Cancer 

Laboratory and animal evidence as well as epidemiologic data suggest that vitamin D status 

could affect cancer risk. Strong biological and mechanistic bases indicate that vitamin D plays a 

role in the prevention of colon, prostate, and breast cancers. 
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Vitamin D supplements have been widely marketed for their claimed anticancer properties 

(Byers, 2010) Associations have been shown in observational studies between low vitamin D 

levels and the risk of development of cancer (Ma et al, 2011, Feldman et al, 2014) but it is 

unclear if taking vitamin D affects the risk of cancer with the evidence being "inconsistent, 

inconclusive as to causality, and insufficient to inform nutritional requirements"(Chung et al, 

2011).  

2014 review found that supplements had no significant effect on cancer risk (Bolland et al, 2014) 

Another review suggested that vitamin D3 may slightly decrease the risk of death from cancer 

(one fewer death in 150 people over 5 years), but concerns with the quality of the data were 

noted. 

Insufficient evidence exists to recommend vitamin D supplements for people with cancer, 

although some evidence suggests hypovitaminosis D may be associated with a worse outcome 

for some cancers and that higher 25-hydroxy vitamin D levels at the time of diagnosis are 

associated with better outcomes.  

2.59 Selenium 

Selenium is a trace element that is naturally present in many foods, added to others, and available 

as a dietary supplement. Selenium, which is nutritionally essential for humans, is a constituent of 

more than two dozen selenoproteins that play critical roles in reproduction, thyroid hormone 

metabolism, DNA synthesis, and protection from oxidative damage and infection (Sunde, 2006, 

Sunde, 2012). 

https://en.wikipedia.org/wiki/Hypovitaminosis_D
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Selenium exists in two forms: inorganic (selenate and selenite) and organic (selenomethionine 

and selenocysteine).  Both forms can be good dietary sources of selenium (Terry and Diamond 

2012). Soils contain inorganic selenites and selenates that plants accumulate and convert to 

organic forms, mostly selenocysteine and selenomethionine and their methylated derivatives. 

Most selenium is in the form of selenomethionine in animal and human tissues, where it can be 

incorporated nonspecifically with the amino acid methionine in body proteins. Skeletal muscle is 

the major site of selenium storage, accounting for approximately 28% to 46% of the total 

selenium pool (Terry and Diamond, 2012). Both selenocysteine and selenite are reduced to 

generate hydrogen selenide, which in turn is converted to selenophosphate for selenoprotein 

biosynthesis (Devis 2012). 

 

The most commonly used measures of selenium status are plasma and serum selenium 

concentrations. Concentrations of seleniun in blood and urine reflect recent selenium intake. 

Analyses of hair or nail selenium content can be used to monitor longer-term intakes over 

months or years. The quantitative analysis of one or more selenoproteins (such as glutathione 

peroxidase and selenoprotein P) is also used as a functional measure of selenium status ((Terry 

and Diamond, 2012). The Plasma or serum selenium concentrations of 8 micrograms (µg)/dL or 

higher in healthy people typically meet needs for selenoprotein synthesis. 

2.60 Sources of Selenium 

Seafoods and organ meats are the richest food sources of selenium (Sunde, 2012) . Other sources 

include muscle meats, cereals and other grains, and dairy products. The amount of selenium in 

drinking water is not nutritionally significant in most geographic regions. The major food 
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sources of selenium in the diet are breads, grains, meat, poultry, fish, and eggs (Chun et al, 

2010). 

The amount of selenium in a given type of plant-based food depends on the amount of selenium 

in the soil and several other factors, such as soil pH, amount of organic matter in the soil, and 

whether the selenium is in a form that is amenable to plant uptake (Rayman, 2012). As a result, 

selenium concentrations in plant-based foods vary widely by geographic location (Sunde, 2012). 

For example, according to the U.S. Department of Agriculture Food Composition Database, 

Brazil nuts have 544µg selenium/ounce, but values from other analyses vary widely. 

The selenium content of soil affects the amounts of selenium in the plants that animals eat, so the 

quantities of selenium in animal products also vary (Sunde, 2010). However, selenium 

concentration in soil has a smaller effect on selenium levels in animal products than in plant-

based foods because animals maintain predictable tissue concentrations of selenium through 

homeostatic mechanisms 

Selenium is available in multivitamin/multimineral supplements and as a stand-alone 

supplement, often in the forms of selenomethionine or of selenium-enriched yeast (grown in a 

high-selenium medium) or as sodium selenite or sodium selenate.  The human body absorbs 

more than 90% of selenomethionine but only about 50% of selenium from selenite. 

 

Few studies have compared the relative absorption and bioavailability of different forms of 

selenium. In one investigation, 10 groups of selenium-replete subjects were randomly assigned to 

receive a placebo or either 200 or 600 µg/day selenium as selenomethionine, sodium selenite, or 

high-selenium yeast (in which an estimated 75% of selenium was in the form of 

selenomethionine) for 16 weeks (Burk, et al 2006). Selenium bioavailability, based on urinary 
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excretion, was greatest for selenomethionine and lowest for selenite. However, supplementation 

with any of these forms only affected plasma selenium levels and not glutathione peroxidase 

activity or selenoprotein P concentration, confirming that study participants were selenium 

replete before they began taking selenium supplements. 

The Recommended Dietary Allowance (RDA) which is the average daily level of intake of 

selenium sufficient to meet the nutrient requirements of nearly all healthy individuals is 55µg for 

adults, 60µg and 70µg for pregnant and lactating mothers respectively (Institute of Medicine, 

Food and Nutrition Board. Dietary Reference Intakes, 2000) 

2.61 Selenium Intakes and Status 

Most people consume adequate amounts of selenium in their diet. According to an analysis of 

data from the 2009–2010 National Health and Nutrition Examination Survey, the average daily 

selenium intake in Americans aged 2 years and older from foods is 108.5µg and from both foods 

and supplements is 120.8µg . Adult men have higher daily intakes (134µg from foods and 151µg 

from foods and supplements) than adult women (93 µg from foods and 108 µg from foods and 

supplements). In the United States, 18% to 19% of adults and children use a dietary supplement 

containing selenium (Bailey et al, 2011). 

 

Men have slightly higher serum selenium levels than women, and whites have higher levels than 

African Americans (Xun et al, 2011). Selenium concentration is higher in the thyroid gland than 

in any other organ in the body, and, like iodine, selenium has important functions in thyroid 

hormone synthesis and metabolism. 

 



 

 

82 

Selenium intakes and serum concentrations in the United States and Canada vary somewhat by 

region because of differences in the amounts of selenium in soil and in local foods consumed 

(Kafia and Ganji, 2003). For example, concentrations are higher in residents of the Midwestern 

and Western United States than in the South and Northeast. The extensive transport of food 

typically allows people living in low-selenium areas to obtain sufficient amounts of selenium. 

 

Selenium deficiency is also associated with male infertility and might play a role in Kashin-Beck 

disease, a type of osteoarthritis that occurs in certain low-selenium areas of China, Tibet, and 

Siberia. Selenium deficiency could exacerbate iodine deficiency, potentially increasing the risk 

of cretinism in infants (Sunde, 2010). 

2.62 Groups at Risk of Selenium Inadequacy 

The following groups are among those most likely to have inadequate intakes of selenium. 

People living in selenium-deficient regions. 

Selenium intakes in most part of the world, even in low-selenium regions, are well above the 

RDA (Niskar et al, 2003). However, people in some other countries whose diet consists 

primarily of vegetables grown in low-selenium areas are at risk of deficiency. The lowest 

selenium intakes in the world are in certain parts of China, where large proportions of the 

population have a primarily vegetarian diet and soil selenium levels are very low. Average 

selenium intakes are also low in some European countries, especially among populations 

consuming vegan diets. 

  

(Sunde, 2010). Although intakes in New Zealand were low in the past, they rose after the country 

increased its importation of high-selenium wheat (Rayman, 2012). Selenium levels are 
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significantly lower in patients undergoing long-term hemodialysis than in healthy individuals. 

Hemodialysis removes some selenium from the blood (Tonelli et al 2009). In addition, 

hemodialysis patients are at risk of low dietary selenium intakes due to anorexia resulting from 

uremia and dietary restrictions. Although selenium supplementation increases blood levels in 

hemodialysis patients, more evidence is needed to determine whether supplements have 

beneficial clinical effects in these individuals. Selenium levels are often low in people living 

with HIV, possibly because of inadequate intakes (especially in developing countries), excessive 

losses due to diarrhea, and malabsorption (Stone et al, 2010). Serum selenium concentrations 

decline with age. Marginal or deficient selenium concentrations might be associated with age-

related declines in brain function, possibly due to decreases in selenium‘s antioxidant activity  

(Rees et al 2013). 

Sequel to the effects on DNA repair, apoptosis, and the endocrine and immune systems as well 

as other mechanisms, including its antioxidant properties, selenium might play a role in the 

prevention of cancer (Allen et al, 2008, Rayman et al 2012). Epidemiological studies have 

suggested an inverse association between selenium status and the risk of colorectal, prostate, 

lung, bladder, skin, esophageal, and gastric cancers. In a Cochrane review of selenium and 

cancer prevention studies, compared with the lowest category of selenium intake, the highest 

intake category had a 31% lower cancer risk and 45% lower cancer mortality risk as well as a 

33% lower risk of bladder cancer and, in men, 22% lower risk of prostate cancer. The authors 

found no association between selenium intake and risk of breast cancer. A meta-analysis of 20 

epidemiologic studies showed a potential inverse association between toenail, serum, and plasma 

selenium levels and prostate cancer risk (Brinkman et al, 2006). 
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Randomized controlled trials of selenium supplementation for cancer prevention have yielded 

conflicting results. The authors of a Cochrane review concluded, based on nine randomized 

clinical trials, that selenium might help prevent gastrointestinal cancers but noted that these 

results need to be confirmed in more appropriately designed randomized clinical trials. A 

secondary analysis of the double-blind, randomized, controlled Nutritional Prevention of Cancer 

Trial in 1,312 U.S. adults with a history of basal cell or squamous cell carcinomas of the skin 

found that 200 µg/day selenium as high-selenium baker‘s yeast for 6 years was associated with a 

52% to 65% lower risk of prostate cancer. The Selenium and Vitamin E Cancer Prevention Trial 

(SELECT)  (Klein et al, 2011), a randomized, controlled trial in 35,533 men aged 50 years or 

older from the United States, Canada, and Puerto Rico, was discontinued after 5.5 years when 

analyses showed no association between supplementation with 200 µg/day selenium with or 

without 400 international units (IU)/day vitamin E and prostate cancer risk (Duffield-Lilico et al, 

2003). An additional 1.5 years of follow-up data on participants after they stopped taking the 

study supplements confirmed the lack of a significant association between selenium 

supplementation and prostate cancer risk (Lippman et al, 2009). 

 

 Selenoproteins help prevent the oxidative modification of lipids, reducing inflammation and 

preventing platelets from aggregating (Rayman, 2012). For these reasons, experts have suggested 

that selenium supplements could reduce the risk of cardiovascular disease or deaths associated 

with cardiovascular disease. 

2.63 Magnesium 

Magnesium, an abundant mineral in the body, is naturally present in many foods, added to other 

food products, available as a dietary supplement, and present in some medicines (such as 
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antacids and laxatives).  Magnesium in general is essential for the survival of our cells but takes 

on further importance in the age of toxicity where our bodies are being bombarded on a daily 

basis with heavy metals. Without sufficient magnesium, the body accumulates toxins and acid 

residues, degenerates rapidly, and ages prematurely.  Glutathione requires magnesium for its 

synthesis. Glutathione synthetase requires y-glutamyl cysteine, glycine, ATP, and magnesium 

ions to form glutathione. In magnesium deficiency, the enzyme y-glutamyl transpeptidase is 

lowered. Lower levels magnesium is associated with dramatic increases in free radical 

generation as well as glutathione depletion and this is vital since glutathione is one of the few 

antioxidant molecules known to neutralize mercury (Zhang et al, 2003). Without the cleaning 

and chelating work of glutathione (magnesium), cells begin to decay as cellular filth and heavy 

metals accumulate; excellent environments to attract deadly infection/cancer. Magnesium has an 

effect on a variety of cell membranes through a process involving calcium channels and ion 

transport mechanisms. It is responsible for the maintenance of the trans-membrane gradients of 

sodium and potassium. Magnesium is a cofactor in more than 300 enzyme systems that regulate 

diverse biochemical reactions in the body, including protein synthesis, muscle and nerve 

function, blood glucose control, and blood pressure regulation (Rude et al, 2010:Rude, 2012). 

Magnesium is required for energy production, oxidative phosphorylation, and glycolysis. It 

contributes to the structural development of bone and is required for the synthesis of DNA, 

RNA, and the antioxidant glutathione. Magnesium also plays a role in the active transport of 

calcium and potassium ions across cell membranes, a process that is important to nerve impulse 

conduction, muscle contraction, and normal heart rhythm (Rude, 2012). 

An adult body contains approximately 25 g magnesium, with 50% to 60% present in the bones 

and most of the rest in soft tissues. Less than 1% of total magnesium is in blood serum, and these 
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levels are kept under tight control. Normal serum magnesium concentrations range between 0.75 

and 0.95 millimoles (mmol)/L (Elin, 2010).  Hypomagnesemia is defined as a serum magnesium 

level less than 0.75 mmol/L. Magnesium homeostasis is largely controlled by the kidney, which 

typically excretes about 120 mg magnesium into the urine each day (Rude, 2010). Urinary 

excretion is reduced when magnesium status is low. 

 

Assessing magnesium status is difficult because most magnesium is inside cells or in bone. The 

most commonly used and readily available method for assessing magnesium status is 

measurement of serum magnesium concentration, even though serum levels have little 

correlation with total body magnesium levels or concentrations in specific tissues. Other methods 

for assessing magnesium status include measuring magnesium concentrations in erythrocytes, 

saliva, and urine; measuring ionized magnesium concentrations in blood, plasma, or serum; and 

conducting a magnesium-loading (or ―tolerance‖) test. No single method is considered 

satisfactory. Some experts consider the tolerance test (in which urinary magnesium is measured 

after parenteral infusion of a dose of magnesium) to be the best method to assess magnesium 

status in adults. To comprehensively evaluate magnesium status, both laboratory tests and a 

clinical assessment are required. 

2.64 Sources of Magnesium 

Magnesium is widely distributed in plant and animal foods and in beverages. Green leafy 

vegetables, such as spinach, legumes, nuts, seeds, and whole grains and fruits such as banana, 

apple are good sources. In general, foods containing dietary fiber provide magnesium. 

Magnesium is also added to some breakfast cereals and other fortified foods. Some types of food 

processing, such as refining grains in ways that remove the nutrient-rich germ and bran, lower 
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magnesium content substantially. Tap, mineral, and bottled waters can also be sources of 

magnesium, but the amount of magnesium in water varies by source and brand (ranging from 1 

mg/L to more than 120 mg/L) (Azoulay, 2001). 

The Recommended Dietary Allowance of magnesium in adult is 320mg and 420mg for females 

and males respectively. 

2.65 Magnesium Deficiency  

Symptomatic magnesium deficiency due to low dietary intake in otherwise-healthy people is 

uncommon because the kidneys limit urinary excretion of this mineral. However, habitually low 

intakes or excessive losses of magnesium due to certain health conditions, chronic alcoholism, 

and/or the use of certain medications can lead to magnesium deficiency. Early signs of 

magnesium deficiency include loss of appetite, nausea, vomiting, fatigue, and weakness. As 

magnesium deficiency worsens, numbness, tingling, muscle contractions and cramps, seizures, 

personality changes, abnormal heart rhythms, and coronary spasms can occur.  Magnesium 

supplements are available in a variety of forms, including magnesium oxide, citrate, and chloride 

(Rude, 2012) The Supplement Facts panel on a dietary supplement label declares the amount of 

elemental magnesium in the product, not the weight of the entire magnesium-containing 

compound. Absorption of magnesium from different kinds of magnesium supplements varies. 

Forms of magnesium that dissolve well in liquid are more completely absorbed in the gut than 

less soluble forms (Fine et al, 1991). Small studies have found that magnesium in the aspartate, 

citrate, lactate, and chloride forms is absorbed more completely and is more bioavailable than 

magnesium oxide and magnesium sulfate (Muhlbauer et al, 1991). One study found that very 

high doses of zinc from supplements (142 mg/day) can interfere with magnesium absorption and 
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disrupt the magnesium balance in the body (Lindberg, 1990). Magnesium deficiency seems to be 

carcinogenic, and in case of solid tumors, a high level of supplemented magnesium inhibits 

carcinogenesis. Both carcinogenesis and magnesium deficiency increase the plasma membrane 

permeability and fluidity.  

2.66 Vitamin E 

Vitamin E is found naturally in some foods, added to others, and available as a dietary 

supplement. ―Vitamin E‖ is the collective name for a group of fat-soluble compounds with 

distinctive antioxidant activities (Traber, 2006). 

Naturally occurring vitamin E exists in eight chemical forms (alpha-, beta-, gamma-, and delta-

tocopherol and alpha-, beta-, gamma-, and delta-tocotrienol) that have varying levels of 

biological activity.  Alpha- (or α-) tocopherol is the only form that is recognized to meet human 

requirements. 

Serum concentrations of vitamin E (alpha-tocopherol) depend on the liver, which takes up the 

nutrient after the various forms are absorbed from the small intestine. The liver preferentially 

resecretes only alpha-tocopherol via the hepatic alpha-tocopherol transfer protein (Traber, 2006); 

the liver metabolizes and excretes the other vitamin E forms (Traber, 2007). As a result, blood 

and cellular concentrations of other forms of vitamin E are lower than those of alpha-tocopherol 

and have been the subjects of less research (Sen et al, 2006, Dietrich et al, 2006) 

Vitamin E is an antioxidant which protects cells from the damaging effects of free radicals, 

which are molecules that contain an unshared electron. Free radicals damage cells and might 

contribute to the development of cardiovascular disease and cancer (Verhagen et al, 2006). 

Unshared electrons are highly energetic and react rapidly with oxygen to form reactive oxygen 

http://www.naturalnews.com/deficiency.html
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species (ROS). The body forms ROS endogenously when it converts food to energy, and 

antioxidants might protect cells from the damaging effects of ROS. The body is also exposed to 

free radicals from environmental exposures, such as cigarette smoke, air pollution, and 

ultraviolet radiation from the sun. ROS are part of signaling mechanisms among cells. 

Vitamin E is a fat-soluble antioxidant that stops the production of ROS formed when fat 

undergoes oxidation (Buettner, 1993). Scientists are investigating whether, by limiting free-

radical production and possibly through other mechanisms, vitamin E might help prevent or 

delay the chronic diseases associated with free radicals. 

In addition to its activities as an antioxidant, vitamin E is involved in immune function and, as 

shown primarily by in vitro studies of cells, cell signaling, regulation of gene expression, and 

other metabolic processes. Alpha-tocopherol inhibits the activity of protein kinase C, an enzyme 

involved in cell proliferation and differentiation in smooth muscle cells, platelets, and 

monocytes. Vitamin-E–replete endothelial cells lining the interior surface of blood vessels are 

better able to resist blood-cell components adhering to this surface. Vitamin E also increases the 

expression of two enzymes that suppress arachidonic acid metabolism, thereby increasing the 

release of prostacyclin from the endothelium, which, in turn, dilates blood vessels and inhibits 

platelet aggregation. 

2.67 Sources of Vitamin E 

Numerous foods provide vitamin E. Nuts, seeds, and vegetable oils are among the best sources of 

alpha-tocopherol, and significant amounts are available in green leafy vegetables and fortified 
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cereals (USDA, 2011).  Most vitamin E in American diets is in the form of gamma-tocopherol 

from soybean, canola, corn, and other vegetable oils and food products. 

Palm oil is exceptionally high in tocotrienols. Other good dietary sources of vitamin E are 

virtually all nuts and seeds, particularly almonds and walnuts, and, olive, and coconut oil.  

 

Recommended dietary allowance of Vitamin E for adult is 24.1IU and about 28.4IU for pregnant 

and lactating mothers. 

2.68 Vitamin E and Health 

Many claims have been made about vitamin E‘s potential to promote health and prevent and treat 

disease. The mechanisms by which vitamin E might provide this protection include its function 

as an antioxidant and its roles in anti-inflammatory processes, inhibition of platelet aggregation, 

and immune enhancement. 

Antioxidant nutrients like vitamin E protect cell constituents from the damaging effects of free 

radicals that, if unchecked, might contribute to cancer development (USDA, 2011). Vitamin E 

might also block the formation of carcinogenic nitrosamines formed in the stomach from nitrites 

in foods and protect against cancer by enhancing immune function (Weitberg and Corvese, 

1997). Unfortunately, human trials and surveys that have attempted to associate vitamin E intake 

with cancer incidence have found that vitamin E is not beneficial in most cases. 

Several studies have examined whether vitamin E intake and/or supplemental vitamin E affects 

the risk of developing prostate cancer. A prospective cohort study of >29,000 men found no 

association between dietary or supplemental vitamin E intake and prostate cancer risk (Kirsh et 

al, 2006). However, among current smokers and men who had quit, vitamin E intakes of more 
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than 400 IU/day were associated with a statistically significant 71% reduction in the risk of 

advanced prostate cancer. In a clinical trial involving 29,133 male smokers, men randomly 

assigned to take daily supplements of 50 IU synthetic vitamin E for 5–8 years had 32% fewer 

prostate cancers compared to subjects who did not take the supplements (.Heinonen et al, 1998). 

Based in part on the promising results of this study, a large randomized clinical trial, called the 

SELECT trial, began in 2001 to determine whether 7–12 years of daily supplementation with 

synthetic vitamin E (400 IU, as dl-alpha-tocopheryl acetate), with or without selenium (200 µg, 

as L-selenomethionine), reduced the number of new prostate cancers in 35,533 healthy men, 

aged 50 and older. The trial was discontinued in October 2008 when an analysis found that the 

supplements, taken alone or together for about 5.5 years, did not prevent prostate cancer. Results 

from an additional 1.5 years of follow-up from this trial (during which the subjects no longer 

received vitamin E or selenium), showed that the men who had taken the vitamin E had a 17 

percent increased risk of prostate cancer compared to men only taking placebos, a statistically 

significant difference (Klein et al, 2011). The risk of developing prostate cancer was also slightly 

increased in subjects taking vitamin E plus selenium or selenium alone, but the differences were 

not statistically significant. No differences were found among groups in the incidence of lung or 

colorectal cancers or all cancers combined. 

However, results from the recently published, large SELECT trial show that vitamin E 

supplements (400 IU/day) may harm adult men in the general population by increasing their risk 

of prostate cancer. Follow-up studies are assessing whether the cancer risk was associated with 

baseline blood levels of vitamin E and selenium prior to supplementation as well as whether 

changes in one or more genes might increase a man‘s risk of developing prostate cancer while 

taking vitamin E. 
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2.69 Vitamin C 

Vitamin C is probably best known as an antioxidant. Antioxidants help prevent excessive activity 

on the part of free radical molecules. (Free radicals are forms of molecules that tend to be very 

reactive, and too many free radicals in the wrong place at the wrong time can do damage to our 

cells and tissue.) Vitamin C and other antioxidants help prevent that damage. Damage to the lens 

of the eye, damage to molecules circulating around in our bloodstream, and damage to genetic 

material (DNA) in our cells are all examples of damage that have been shown to be prevented 

under certain circumstances by vitamin C. One interesting application of vitamin C as an 

antioxidant is its ability to transform iron into a state that is better absorbed in the intestine, 

including vitamin C-rich foods in recipes with the best iron sources can potentially be a way to 

enhance iron absorption. Vitamin C has the ability to protect against lipid peroxidase (LPO) by 

acting as a scavenger of ROS and by one-electron reduction of lipid hydroperoxyl radicals via 

the vitamin E redox cycle. 

Vitamin C is required to produce collagen, a protein that plays a critical role in the structure of 

the body. Collagen is the framework for our skin and our bones, and without it, we would quite 

literally fall apart. This is exactly what we see with severe vitamin C deficiency, or scurvy. 

People who have this condition lose teeth, bleed easily, and lose the strength of their bones. 

Luckily, it doesn't take much vitamin C to prevent this problem. As we've known for more than 

two centuries, a single lime per day would usually be enough. (However, as described earlier, we 

have dozens and dozens of great food choices that will give us as much vitamin C as a single 

lime!)  
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Brain Health: Vitamin C is necessary to make certain neurotransmitters. These 

neurotransmitters are the signals that carry thoughts, feelings, and commands around our brains 

and throughout our nervous system.  

In particular, we need vitamin C to produce serotonin, a hormone that plays a critical role in 

wide variety of body systems, including the nervous system, endocrine system, immune system, 

and digestive system. Many of our moods, daily bodily rhythms (including sleep-wake cycles), 

and experiences of stress and pain have serotonin included as a factor in their occurrence. Some 

of the most commonly used prescription medications for depression (SSRIs, or Selective 

Serotonin Reupdate Inhibitors) also target this hormone. Meanwhile it has been suggested that 

dietary intake of vitamin C may not automatically improve the quality of any experiences 

described above, but it is recommend that one should include vitamin C-rich foods on a daily 

basis as part of ones overall well-being. 

 2.70 Food Sources of Vitamin C 

Our best food sources of vitamin C have a single thing in common: they are all plant foods. Even 

though many animals make vitamin C in their bodies, only plants make it to the degree that they 

provide a rich source of the nutrient when eaten. The citrus fruits (orange, grapefruit, lime, and 

lemon) are excellent sources of vitamin C.  

Many non-citrus fruits are highly rated sources, as well. Papaya, strawberries, pineapple, 

kiwifruit, cantaloupe, and raspberries are also excellent vitamin C sources. Cranberries, 

blueberries, and watermelon are examples of very good sources, while apples, pears, and 

bananas are in the good category. One would expect almost any fresh fruit to be a good, very 

good, or excellent source of dietary vitamin C. Many green leafy vegetables contain vitamin C. 
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Very good sources of vitamin C in the vegetable group include summer and winter squash, green 

beans, and carrots.   

2.71 Relationship with other Nutrients 

Vitamin C can increase the absorption of iron (especially the iron found in plant foods) and may 

help lower the risk of dietary iron deficiency.  Antioxidants in foods tend to work together in 

important and synergistic ways to provide protection against free radical damage. The most well-

known of these connections is that between vitamin E and vitamin C. Specifically, vitamin C 

helps to protect vitamin E in people, such as smokers, who have chronic overproduction of free 

radicals (Bruno et all, 2005).  This synergistic protection is but one of many potential 

explanations for why the health benefits of plant-based diets cannot be replicated by nutrient 

supplements.  

2.72 Zinc 

Zinc is an essential trace element that plays an important role in many body processes. 

It is suggested that dietary zinc supplementation protects against oxidative damage, reduces 

cancer risk (Ho, 2004) and has therapeutic potentials against prostate cancer (Franklin & 

Costello, 2007). Epidemiologic studies, however, provided contradictory findings on the 

effectiveness of zinc in prevention against prostate cancer. While there are studies that showed 

zinc reduces the risk of developing prostate cancer (Key et al., 1997; Kristal et al., (1999), 

others showed that advanced prostate cancer is associated with high intake of zinc and 

potentiate the development of benign prostate hyperplasia (BPH) and progression towards 

cancer ( Moyad, 2004; Gallus et al, 2007;  Lawson et al, 2007). Various mechanisms have 

been proposed to explain how high zinc regulates prostate health and indirectly, how its 

http://www.whfoods.com/genpage.php?tname=nutrient&dbid=111
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absence or low concentration could have contributed to the occurrence of prostate cancer. 

Restoration of high zinc to cancerous prostate tissues has been shown to inhibit prostate cancer 

cells proliferation (Feng et al., 2000) and invasion . In contrast, there are studies which 

showed that zinc under non-physiological conditions could promote cancer cell growth and 

invasion. Because of the diverse roles of zinc in cell signaling, the exact pathways and genes 

affected by the absence or presence of high zinc concentrations in prostate cancer cells remain 

unraveled.  

2.73  Zinc and Human Health 

Zinc is an essential trace element, critical for diverse biological functions in the human body. Its 

importance in humans was not discovered until 1961 where zinc deficiency was found to be the 

cause of growth retardation and hypogonadism in Iranian and Egyptian patients ( Prasad et al., 

2014). Zinc in the body plays an important role in normal testicular development, 

spermatogenesis, and sperm motility  (Madding et al, 1986). Zinc in seminal plasma stabilizes 

the cell membrane and nuclear chromatin of spermatozoa (Lin et al, 2000). Sperm motility is 

significantly influenced by zinc. Zinc copes up with excessive amount of superoxide anions, thus 

adequate amount of zinc in seminal plasma exerts protective effect by virtue of this antioxidant 

activity (Gavella and Lipovac, 1998). Zinc appears to protect sperm from bacteria and 

chromosomal damage (O‘Connor, 2000) 

Meat, poultry, oyster, dairy products, legumes and cereals are food rich in zinc. However, 

phytates, which are present in some cereals and legumes can reduce the bioavailability of zinc by 

inhibiting absorption of zinc in the intestines . The recommended dietary allowance (RDA) for 

daily intake of zinc in 97- 98% healthy individuals is 8 mg/d for women, 11 mg/d for men, 11-12 
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mg/d for pregnant and lactating women. Children from 1-3 years old, 4-8 years and 9-13 years 

old require 3, 5 and 8 mg/d of zinc, respectively (Food and Nutritional Board of Medicine, 

2010a). The tolerable upper intake level (UL), defined as the maximal daily intake unlikely to 

cause adverse health effects is 40 mg/d for adults. For children of 1-3, 4-8 and 9-13 years old, 

ULs are 7 mg/d, 12 and 23 mg/d, respectively, (Food and Nutritional Board of Medicine, 

2010b). 

Deficiency of zinc is associated with significant health problems. Early manifestations of zinc 

deficiency include decreased immunity resulting in increased susceptibility to infections such 

as diarrhea, common cold, acute lower respiratory infection and malaria (Christopher et al, 

2005)  

Zinc-deficient individuals also display dermatitis, delayed wound healing and alopecia. 

Prolonged deficiency leads to retardation of growth, genital development, hypogonadism and 

impaired neuropsychological functions (Prasad, 2008). Zinc deficiency in pregnancy retards fetal 

growth and postnatal development, causes neural tube defects and premature birth but the use of 

zinc supplementation in women still requires further studies. 

 

Zinc supplements are found in the forms of zinc gluconate, zinc sulfate, and zinc acetate, 

where the percentage of elemental zinc varies (Haase et al., 2008). Studies have shown that 

supplementation with zinc corrects growth and gonadal development, improves immune 

functions and hastens recovery from diarrhea, common cold, acute lower respiratory infection 

and malaria ( Fischer Walker & Black, 2004). It is also used to treat genetic disorders such as 

acrodermatitis enteropathica (Maverakis et al., 2007) and Wilson‘s disease (Brewer, 2001). 

Zinc excess can induce copper deficiency and it is used in Wilson's disease to interfere with 

uptake of copper and subsequently reduce excessive copper accumulation. 
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While zinc supplementation may be beneficial in certain conditions excessive zinc intake can 

pose serious health risks. Acute zinc toxicity causes gastrointestinal-related symptoms such 

nausea, vomiting, tenesmus (a feeling that one needs to pass stool, even though your bowels 

are already empty)  and diarrhea (Brown et al., 1964). Chronic zinc toxicity can lead to copper 

deficiency and its related hematological and neurological manifestations (Maret & Sandstead, 

2006). Chronic high intake of zinc can also cause abnormalities of genitourinary functions 

(Johnson et al., 2007). 

2.74 Zinc Homeostasis and Transport 

Total zinc in human body is about 2-3 g for a 70 kg adult (Wastney et al., 1986). Ninety 

percent is incorporated in the muscle, most of which are poorly exchangeable and tightly bound 

to high molecular weight ligands such as Metalloenzymes, metalloproteins, nucleoproteins and 

nucleic acids. The remaining 10% of zinc is readily exchangeable and loosely bound to amino 

acid and citrate (Outten & O'Halloran, 2001). 

 

This pool of zinc is found in plasma, liver and bone and is metabolically active, rapidly 

exchanged and sensitive to changes in the bioavailability of zinc in the diet. The prostate 

gland, pancreas, adrenal gland, certain areas of the brain, inner ear and eye, skin, nails, hair, 

red and white blood cells are known to accumulate high concentrations of zinc. 

The concentrations of zinc are strictly regulated in vivo because dysregulation of zinc 

homeostasis can result in pathogenic consequences. Approximately 30-40% of intracellular 

zinc is localized in the nucleus, 50% in the cytosol and cytosolic organelles and the 

remainder is associated with cell membranes. Zinc transporters play important roles in 

maintaining zinc homeostasis, as zinc ions are hydrophilic and do not cross cell membranes 
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by passive diffusion (Cousins & McMahon, 2000).  

 2.75 Functions of Zinc 

2.76 Structural and Catalytic Functions 

Zinc has structural, catalytic and regulatory functions. It is a structural element found in many 

enzymes essential for DNA synthesis, transcription, aminoacyl-tRNA synthesis and ribosomal 

functions. It is found in zinc finger motifs of more than two thousand of transcription factors 

where these motifs provide a platform for interaction with DNA or other proteins. Zinc is also 

found in LIM domains in proteins important for cytoskeletal organization, organ development 

and oncogenesis (Kadrmas & Beckerle, 2004). Zinc regulates cell proliferation and 

differentiation by modulating nucleic acid metabolisms and protein synthesis. It also controls 

cell growth by activating, transporting and modulating growth hormone, insulin-like growth 

factor-1, prolactin, testosterone and other steroid hormones. Zinc, unlike the highly reactive 

copper and iron, does not participate in redox reactions (Berg & Shi, 1996). The incorporation 

of zinc into proteins instead of these highly reactive elements helps prevent the generation of 

free radicals (Ho, 2004). Zinc, hence, has anti-oxidant activities. It maintains proper folding, 

stability and activity of zinc-dependent enzymes by protecting these enzymes from free 

radicals attacks (Coleman, 1992). Some of the zinc-dependent enzymes include superoxide 

dismutase, carbonic anhydrase, alkaline phosphatase, glutamic dehydrogenase, nucleotidase, 

carboxypeptidase A, retinal dehydrogenase and angiotensin-converting enzymes. 

Intracellular zinc also protects several compounds from oxidative damage and these include 

citrate in the prostate gland (Omu et al., 1998) and insulin in the secretory granules of the islet 

beta cells. In addition, zinc exerts its anti-oxidant abilities indirectly by maintaining an 

adequate level of the free radical scavengers such as metallothioneins (MTs). It also stabilizes 
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cell membrane structure such as that of the red blood cells  and sperm cells (Omu et al., 1998). 

Zinc-bound melanin granules of the skin, choroids, iris, retina, photoreceptors of the eye also 

provide protection against oxidative damage and apoptosis (Borovansky, 1994). 

2.77 Zinc and Immunity 

Zinc is critical for immune function and is involved in many aspects of the immune system. 

Deficiency of zinc causes dysfunction of cells involved in innate 'immunity such as 

macrophages, neutrophils and natural killer (NK) cells and affects phagocytosis, intracellular 

killing, cytokine production, complement activity and delayed type hypersensitivity. Zinc is also 

important for gene regulation in T lymphocytes. It activates pituitary growth hormone and 

thymulin, the thymic hormone that stimulates division, differentiation and maturation of T-cells, 

lymphocyte proliferation and cytotoxic activity of natural killer cells (Baum et al., 2000). It also 

modulates the function of T-helper cells by regulating lymphokines, interleukin-2 (IL-2), 

interferon-gamma (IFN-  ) and tumour necrosis factor-alpha (TNF- ) in response to invasion of 

pathogens (Baum et al., (1999) It is also known that zinc helps in tissue repair and wound 

healing by stimulating keratinocyte proliferation and migration to the injured area and scavenges 

proinflammatory cytokines-produced nitric oxide to prevent tissue damage.  

Zinc regulates the transcription of genes that is important for cell proliferation and differentiation 

by modulating transcription factors such as metal response element-binding transcription factor-

1, MTF-1 (Langmade et al., 2000): Egr-1 (Adamson et al., 2003); AP-1 and NF- • B (Herbein et 

al., 2006) Jun and ATF-2. Among these, MTF-1 to date is the best-characterized zinc-activated 

transcription factors. MTF-1 responds acutely to changes in intracellular zinc concentrations by 

binding with zinc and translocates to nucleus. It then activates genes transcription by binding to 
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promoters of other known zinc-responsive genes such as metallothioneins (MTs) and zinc 

transporter, ZnT-1 that regulate intracellular zinc concentrations (Langmade et al., 2000). Other 

zinc finger transcription factors such as Egr-1, AP-1 and NF- • B are important for the regulation 

of genes that control cells proliferation. Deregulation of these transcription factors contributes to 

cancer cells proliferation, metastasis and angiogenesis. How zinc affects the regulation of these 

transcription factors and their outcomes, however, varies. It is shown in a number of studies, that 

zinc at different concentrations activate or suppress the activities of NF-  B in different cell lines 

resulting in different cellular responses (Kim et al., 2007). 

2.78 Association of Zinc with Prostate Cancer 

The role of zinc in malignant diseases is still unclear but abnormal levels of zinc in serum of 

cancer patients and malignant tissues are widely reported. In prostate cancer, decreased zinc 

levels are consistently observed in malignant tissue samples from different populations and at 

various stages of malignancy. Analysis of malignant prostate tissues showed a 60-70% reduction 

of zinc levels in comparison to those of the normal peripheral zone tissues. The plasma zinc level 

between patients with malignancy is also significantly lower than normal patients (Goel & 

Sankhwar, 2006). 

2.79 Epidemiologic Studies 

It is reported that dietary zinc supplementation protects against oxidative damage, reduces cancer 

risk (Ho, 2004) and is beneficial against prostate tumorigenesis (Franklin & Costello, 2007). 

Findings from several epidemiologic studies, however, attain no consensus on the effectiveness 

of zinc against prostate cancer, partly because of differences in experimental design, amount of 

zinc administered and methods in determining plasma/serum zinc status (Haase et al., 2008). 
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Several studies showed that there are either no beneficiary effects of zinc or there are no 

potential adverse effects of dietary zinc on prostate cancer risk. In contrast, there are reports 

which concluded that zinc reduces prostate cancer risk (Kristal et al, 1999 :Epstein et al, 2011). 

Gonzalez et al. (2009) reported that dietary zinc was not associated with prostate cancer and 10-

year average intake of supplemental zinc does not reduce the overall risk of prostate cancer. 

However, they found that risk of advanced prostate cancer decreases with greater intake of 

supplemental zinc in their Vitamins And Lifestyle (VITAL) cohort. 

2.80 Antioxidants 

Although oxidation reactions are crucial for life, they can also be damaging; plants and animals 

maintain complex systems of multiple types of antioxidants, such as glutathione, vitamin C, 

vitamin A. and vitamin E as well as enzymes such as catalase, superoxide dismutase and various 

peroxidases. Insufficient levels of antioxidants, or inhibition of the antioxidant enzymes, cause 

oxidative stress and may damage or kill cells. Oxidative stress is damage to cell structure and 

cell function by overly reactive oxygen-containing molecules and chronic excessive 

inflammation. Oxidative stress seems to play a significant role in many human diseases, 

including cancers. Antioxidants in pharmacology have been extensively studied, particularly as 

treatments for stroke and neurodegenerative diseases. For these reasons, oxidative stress can be 

considered to be both the cause and the consequence of some diseases. 

Antioxidants are widely used in dietary supplements and have been investigated for the 

prevention of diseases such as cancer, coronary heart disease and even altitude sickness. 

Although initial studies suggested that antioxidant supplements might promote health, later 

large clinical trials with a limited number of antioxidants detected no benefit and even suggested 
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that excess supplementation with certain putative antioxidants may be  h a r m f u l .  ( Jha et al, 

1995, Bjelakovic et al, 2007, Baillie et al 2009).  A n t i o x i d a n t s  also have many industrial 

uses, such as preservatives in food and cosmetics and to prevent the degradation of rubber and 

gasoline. 

2.81 History of Antioxidants 

As part of their adaptation from marine life, terrestrial plants began producing non-marine 

antioxidants such as ascorbic acid (Vitamin C ) ,  polyphenols and tocopherols. The evolution of 

angiosperm plants between 50 and 200 million years ago resulted in the development of many 

antioxidant pigments - particularly during the Jurassic period - as chemical defenses against 

reactive oxygen species that are byproducts of photosynthesis (Benzie, 2003). Originally, the 

term antioxidant specifically referred to a chemical that prevented the consumption of oxygen. In 

the late 19th and early 20th centuries, extensive study concentrated on the use of antioxidants in 

important industrial processes, such as the prevention of metal corrosion, the vulcanization of 

rubber, and the polymerization of fuels in the fouling of internal combustion engines (Mattill, 

1947). 

 

Early research on the role of antioxidants in biology focused on their use in preventing the 

oxidation of unsaturated fats, which is the cause of rancidity (German, 1999). Antioxidant 

activity could be measured simply by placing the fat in a closed container with oxygen and 

measuring the rate of oxygen consumption. However, it was the identification of vitamins A. C 

and E as antioxidants that revolutionized the field and led to the realization of the importance of 

antioxidants in the biochemistry of living organisms (Jacob, 1996, Knight, 1998). The possible 

mechanisms of action of antioxidants were first explored when it was recognized that a 
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substance with anti-oxidative activity is likely to be one that is itself readily oxidized. Research 

into how vitamin E prevents the process of lipid peroxidation led to the identification of 

antioxidants as reducing agents that prevent oxidative reactions, often by scavenging reactive 

oxygen species before they can damage cells (Wolf, 2005)
 

A paradox in metabolism is that, while the vast majority of complex life on Earth requires 

oxygen for its existence, oxygen is a highly reactive molecule that damages living organisms by 

producing reactive oxygen species.
 
Consequently, organisms contain a complex network of 

antioxidant metabolites and enzymes that work together to prevent oxidative damage to cellular 

components such as DNA, proteins and lipids (Vertuani, 2004) In general, antioxidant systems 

either prevent these reactive species from being formed, or remove them before they can 

damage vital components of the cell (Davies, 1995). However, reactive oxygen species also 

have useful cellular functions, such as redox signaling. Thus, the function of antioxidant 

systems is not to remove oxidants entirely, but instead to keep them at an optimum level (Rhee, 

(2006)
 

The reactive oxygen species produced in cells include hydrogen peroxide (H2O2), hypochlorous 

acid (HCIO), and free radicals such as the hydroxyl radical ( O H
−

)  and the superoxide anion 

(O2).
 
The hydroxyl radical is particularly unstable and will react rapidly and non-specifically 

with most biological molecules (Valko et al 2007). This species is produced from hydrogen 

peroxide in metal- catalyzed redox reactions such as the Fenton reaction (Stohs, and Bagchi, 

1995). These oxidants can damage cells by starting chemical chain reactions such as lipid 

peroxidation, or by oxidizing DNA or proteins. Damage to DNA can cause mutations and 

possibly cancer, if not reversed by DNA repair m e c h a n i s m s  ( Nakabeppu et al, 2006, Valko 
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et al, 2007). Damage to proteins causes enzyme inhibition, denaturation and protein degradation 

(Stadtman, 1992).
 

The use of oxygen as part of the process for generating metabolic energy produces reactive 

oxygen species (Raha, and Robinson, 2000).  In this process, the superoxide anion is produced 

as a by-nroduct of several steps in the electron transport chain (Lenaz, 2001). 
 
Particularly 

important is the reduction of coenzvme Q in complex III, since a highly reactive free radical is 

formed as an intermediate. This unstable intermediate can lead to electron "leakage", when 

electrons jump directly to oxygen and form the superoxide anion, instead of moving through the 

normal series of well-controlled reactions of the electron transport chain (Finkel, 2000). 

Peroxide is also produced from the oxidation of reduced flavoproteins. However, although these 

enzymes can produce oxidants, the relative importance of the electron transfer chain to other 

processes that generate peroxide is unclear (Imlay, 2003, Seaver and Imlay, 2004).  In plants, 

algae, and cyanobacteria, reactive oxygen species are also produced during photosynthesis 

(Demmig and Adams 2002). Particularly under conditions of high light intensity (Krieger-

Liszkay, 2004). This effect is partly offset by the involvement of carotenoids in photo-

inhibition, and in algae and cyanobacteria, by large amount of iodide and selenium, which 

involves these antioxidants reacting with over-reduced forms of the photosynthetic reaction 

centres to prevent the production of reactive oxygen species.
 

2.82 Classification of Antioxidants  

Antioxidants are classified into two broad divisions, depending on whether they are soluble in 

water (hydrophilic) or in lipids (lipophilic). In general, water-soluble antioxidants react with 

oxidants in the cell cytosol and the blood plasma, while lipid-soluble antioxidants protect cell 
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membranes from lipid peroxidation. These compounds may be synthesized in the body or 

obtained from the diet.  The different antioxidants are present at a wide range of concentrations 

in body fluids and tissues, with some such as glutathione or ubiquinone mostly present within 

cells, while others such as uric acid are more evenly distributed. Some antioxidants are only 

found in a few organisms and these compounds can be important in pathogens and can be 

virulence factors (Miller and Britigan, 1997). 

 

The relative importance and interactions between these different antioxidants is a very complex 

question, with the various metabolites and enzyme systems having synergistic and 

interdependent effects on one another (Sies, 1993: Chaudiere and Ferrari,1999) The action of 

one antioxidant may therefore depend on the proper function of other members of the 

antioxidant system. The amount of protection provided by any one antioxidant will also depend 

on its concentration, its reactivity towards the particular reactive oxygen species being 

considered, and the status of the antioxidants with which it interacts.
 

Some compounds contribute to antioxidant defense by chelating transition metals and preventing 

them from catalyzing the production of free radicals in the cell. Particularly important is the 

ability to sequester iron, which is the function of iron-binding proteins such as transferrin and 

ferritin. Selenium and zinc are commonly referred to as  a n t i o x i d a n t  n u t r i e n t s ,  but 

these chemical elements have no antioxidant action themselves and are instead required for the 

activity of some antioxidant enzymes. 

2.83 Natural Antioxidants  

Naturally occurring antioxidants of high or low molecular weight can differ in their composition, 

in their physical and chemical properties, in their mechanism and in theirsite of action. They can 
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be divided into the following categories: (i) Enzymes: Enzyme such as superoxide dismutase 

(SOD), catalase and glutathione peroxidase attenuate the generation of reactive oxygen species 

by removing potential oxidants or by transferring ROS/RNS (reactive nitrogen species) into 

relatively stable compounds. Superoxide dismutase which was discovered in late 60s, catalyses 

the transformation of the superoxide radical into hydrogen peroxide, which can then be 

transformed by enzyme catalase into water and molecular oxygen. While superoxide anion in 

itself is not particularly reactive, it can reduce transition metal ions, such as iron and gets 

converted to most reactive radicals -the hydroxyl radical. Thus, elimination of superoxide radical 

can attenuate the formation of hydroxyl radical. Glutathione peroxidase (GPx) reduces lipid 

peroxides (ROOH), formed by the oxidation of polyunsaturated fatty acids (PUFA), to a stable, 

non toxic molecule - hydroxyl fatty acid (ROH). Together with phosholipase, GPx can also 

convert phospholipids hydro peroxide (PL-OOH) into phospholipids hydroxide (PL-OH) (Ursini 

et al., 1987). 

(ii) Low molecular weight antioxidants: These are subdivided into lipid-soluble antioxidants 

(tocopherol, carotenoids, quinones, bilirubin and some polyphenols) and water soluble 

antioxidants (ascorbic acid, uric acid and polyphenols). These delay or inhibit cellular damage 

mainly through free radical scavenging property. Lipids soluble antioxidants: These antioxidants 

tend to accumulate in lipid plasma lipoprotein (eg. LDL); upon supplementation. This group of 

antioxidants are supposed to act as highly efficient scavengers, such as against lipid 

peroxylradical, which are formed within the lipoprotein as a consequence of free radical chain 

reaction of lipid peroxidation.  
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2.84  Mode of Action of Antioxidants 

In general, the antioxidants act by the following routes·  

I. Chain breaking reaction eg. α-tocopherol, which act in lipid phase to trap free radicals.  

II. By reducing concentration of reactive oxygen species eg. Glutathione.  

III. By scavenging initiating radicals e.g superoxide dismutase which act in the lipid phase to 

trap superoxide free radicals.  

IV. By chelating transition metal catalyst: a group of compound which act by sequestration of 

transition metals that are well established proxidants. In this way transferring, lactoferrin and 

ferritin function to keep iron induced oxidant stress in check and ceruloplasmin and albumin 

as copper sequestrants 

2.85 Antioxidants and Cancer 

Epidemiological evidence (Hennekens, 1994) consistently reveals that a diet low in antioxidants 

or a low level of antioxidants in the blood can increase cancer risk. Smoking as well as chronic 

inflammation - two of the principal causes of cancer - have a strong free radical component in 

their action mechanisms. Oxidative damage has recently been related to various clinical 

conditions as having a critical role and these conditions include malignant diseases. Reactive 

oxygen species (ROS) can cause DNA oxidation and damage to proteins, damage to tumor 

suppressor genes and an increase in proto-oncogenic expression. Cancer shows a pro-oxidative 

change in the redox state. ROS are potential carcinogens due to the fact that they facilitate 

mutagenesis in addition to tumor promotion and progression. Even normal cells show an 

increased proliferation and expression of growth related genes if they are exposed to hydrogen 

peroxide or superoxide. The majority of ROS-induced mutations seem to envelop guanine, 
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causing Guanine-Tyrosine transversions. If this is related to critical genes such as oncogenes or 

tumor suppressor genes it can result in cancer initiation or progression. Chronic prostatic 

hyperplasia is diagnosed in the majority of men around the age of 40 years. But the late 

appearance of PCa suggests that a multiplestep process is involved in carcinogenesis and the 

most reasonable candidates for the endogenous formation of genotoxins in late stages of life are 

accumulated ROS (Waris and Ahsan, 2006). To protect against ROS toxic effects and to 

modulate their physiological effects, cells have developed an intrinsic antioxidant defense 

system. The antioxidant enzymatic system is very complex and is composed of small molecules 

with great antioxidant weight (vitamins E, C, A,) primary antioxidant enzymes (manganese, 

copper, zinc superoxide dismutase, catalase, glutathione peroxidase) and secondary antioxidant 

enzymes (glutathione reductase, glucose-6-phosphate dehydrogenase). DNA repairing proteins 

and enzymes are considered to be part of the antioxidant system just as metal kidnapping 

proteins are important in antioxidant cell state modulation. Nitric oxide modulates ROS levels 

partly by its reaction with the superoxide anion and finally the proteins involved in cellular stress 

response are also important in oxidative damage modulation. Each component of the antioxidant 

system is specifically located in subcellular compartments. Superoxide dismutase (SOD) is an 

enzyme that catalyzes the dismutation of the superoxide radical to hydrogen peroxide and 

oxygen which in turn can be eliminated by catalase or glutathione peroxidase. The role of Mn-

SOD in carcinogenesis is still uncertain. Superoxide dismutase induction in tumors may be due 

to stress and genotoxicity induced by oxidant and inflammation exposure. This enzyme has also 

been observed to be implicated in the resistance of tumor cells to cytotoxic drugs and radiation. 

Many studies have suggested that the Mn-SOD gene could be a tumor suppressor gene and that 
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malignant tumors have lower Mn-SOD activity. Nevertheless, many types of tumor cells have 

been found to contain high levels of Mn-SOD compared with their non-malignant counterpart.  

2.86 Pro-oxidant Activities  

Antioxidants that are reducing agents can also act as pro-oxidants. For example, vitamin C has 

antioxidant activity when it reduces oxidizing substances such as hydrogen peroxide (Duarte and 

Lunec 2005). However, it will also reduce metal ions that generate free radicals through the 

Fenton reaction (Carr and Frei, 1999) 

2 Fe
3+

 + Ascorbate —> 2 Fe
2+

 + Dehydroascorbate  

2 Fe
2+

 + 2 H202 -> 2 Fe
3+

 + 2 OH- + 2 OH― 

 

The relative importance of the antioxidant and pro-oxidant activities of antioxidants are an area 

of current research, but vitamin C, which exerts its effects as a vitamin by oxidizing 

polypeptides, appears to have a mostly antioxidant action in the human body (Valko et al, 2005) 

However, less data is available for other dietary antioxidants, such as vitamin E, (Schneider, 

2005) or the polyphenols (Halliwell, 2008, Ristow and Zarse, 2010) Likewise, the pathogenesis 

of diseases involving hyperuricemia likely involve uric acid's direct and indirect pro-oxidant 

properties. That is, paradoxically, agents which are normally considered antioxidants can act as 

conditional pro-oxidants and actually increase oxidative stress. Besides ascorbate, medically 

important conditional pro-oxidants include uric acid and sulfhydryl amino acids such as 

homocysteine. Typically, this involves some transition-series metal such as copper or iron as 

catalyst. 
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Enzyme Systems  

                             Superoxide                          Peroxidase 

                 Dismutase                          Catalase 

O2                                               O2                                     H202              H20 

Oxygen                                   superoxide                          hydrogen        water  

                                                             Peroxide    

 Enzymatic pathway for detoxification of reactive oxygen species. 

2.87 Overview of the Antioxidants  

As with the chemical antioxidants, cells are protected against oxidative stress by an 

interacting network of antioxidant enzymes.
 
 Here, the superoxide released by processes such 

as oxidative phosphorylation is first converted to hydrogen peroxide and then further reduced 

to give water. This detoxification pathway is the result of multiple enzymes, with superoxide 

dismutases catalysing the first step and then catalases and various peroxidases removing 

hydrogen peroxide. As with antioxidant metabolites, the contributions of these enzymes to 

antioxidant defenses can be hard to separate from one another. Free radicals and antioxidants 

have become commonly used terms in modern discussions of disease mechanisms (Aruoma, 

1994) 

2.88 Superoxide Dismutase 

Each cell of the body has a personalized system for removing toxic matter. The key cleansing 

tool used for this process is the cell‘s network of enzymes and enzyme systems. These enzymes 

work to break down toxic materials and flush them out of the cell. When there are more toxins 

than a cell‘s enzymes can handle, or when there aren‘t enough enzymes in the first place, cells 

are at risk to become cancer cells.  
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One enzyme in particular is a major power player in a cell‘s detox system. Its name: Superoxide 

dismutase (SOD). Its mission: Scavenge for and dismantle one of the body‘s most deadly free 

radical toxins, superoxide. Superoxide (the enemy) is a reactive particle that bounces around a 

cell. It damages everything it comes in contact with. This might seem surprising, but the 

superoxide toxin is actually produced by cells themselves, as a byproduct of their metabolic 

process to produce energy. 

Through a series of enzymatic reactions, cells strip away electrons in order to create energy. 

During the process, electrons attach to oxygen molecules and thereby create the toxic chemical, 

superoxide. This process of creating energy creates a handful of other toxic radicals too, like 

hydrogen peroxide and hydroxyl radicals. 

When these toxic radicals are produced, the body‘s natural supply of cell enzymes like SOD acts 

to shield the cell and quickly eliminate the toxins before they harm the cells. This is probably 

recognized as the usual antioxidant-free radical reaction. In addition to breaking down toxins 

created by cell metabolism, enzymes also tackle toxins that enter the body by way of air 

pollution, smoking, or other forms of ingestion. Each enzyme serves a specific function by 

attacking an assigned free radical. Superoxide dismutase, for instance, functions solely to attack 

superoxide and break it up into hydrogen peroxide and oxygen. Hydrogen peroxide itself is a 

toxic radical, so another type of enzyme, catalase, is then tasked with decomposing the substance 

into water and oxygen. 

Superoxide Dismutase (SOD) is an enzyme that repairs cells and reduces the damage done to 

them by superoxide, the most common free radical in the body. Superoxide dismutase is found in  
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both the dermis and the epidermis, and is key to the production of healthy fibroblasts (skin-

building cells). Superoxide dismutase acts as both an antioxidant and anti-inflammatory in the 

body, neutralizing the free radicals that can lead to wrinkles and precancerous cell changes.  

Researchers are currently studying the potential of superoxide dismutase as an anti-aging 

treatment, since it is now known that SOD levels drop while free radical levels increase as one 

ages. Superoxide Dismutase helps the body use zinc, copper, and manganese. There are two 

types of SOD: copper/zinc (Cu/Zn) SOD and manganese (Mn) SOD. Each type of SOD plays a 

different role in keeping cells healthy. Cu/Zn SOD protects the cells‘ cytoplasm, and Mn SOD 

protects their mitochondria from free radical damage. 

2.89 Oxidative Stress in Disease  

Oxidative stress is thought to contribute to the development of a wide range of diseases including 

Alzheimer's disease (Christen, 2000; Nunomura et al, 2006), Parkinson's disease (Wood-

Kaczmar et al, 2006) the pathologies caused by diabetes (Giugliano et al 1996, Davì et al, 2005)  

rheumatoid arthritis  (Hitchon and El-Gabalawy, 2004) and neurodegeneration in motor neuron 

diseases (Cookson and Shaw,  1999).  In many of these cases, it is unclear if oxidants trigger the 

disease, or if they are produced as a secondary consequence of the disease and from general 

tissue damage; One case in which this link is particularly well-understood is the role of oxidative 

stress in cardiovascular disease. Here, low density lipoprotein (LDL) oxidation appears to trigger 

the process of atherogenesis, which results in atherosclerosis, and finally cardiovascular disease 

(Aviram, 2000, Van Gaa et al, 2006) 

 

Oxidative damage in DNA can cause cancer. Several antioxidant enzymes such as superoxide 

dismutase, catalase, glutathione peroxidase, glutathione reductase, glutathione S-transferase etc. 

http://www.vitaminstuff.com/antiaging.html
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protect DNA from oxidative stress. It has been proposed that polymorphisms in these enzymes 

are associated with DNA damage and subsequently the individual's risk of cancer susceptibility 

(Khan et al, 2010) 

A low calorie diet extends median and maximum lifespan in many animals. This effect may 

involve a reduction in oxidative stress (López-Lluch et al, 2006). While there is some evidence 

to support the role of oxidative stress in aging in model organisms such as D r o s o p h i l a  

m e l a n o s a s t e r  and C a e n o r h a b d i t i s  e l e e a n s  (Larsen, 1993, Helfand and Rogina 

2003), the evidence in mammals is less clear (Sohal  et al, 2002: Rattan, 2006). Indeed, a 2009 

review of experiments in mice concluded that almost all manipulations of antioxidant systems 

had no effect on aging (Pérez et al, 2009). Diets high in fruit and vegetables, which are high in 

antioxidants, promote health and reduce the effects of aging; antioxidant vitamin 

supplementation has no detectable effect on the aging process, so the effects of fruit and 

vegetables may be unrelated to their antioxidant contents (Ward, 1998, Thomas, 2004) One 

reason for this might be the fact that consuming antioxidant molecules such as polyphenols and 

vitamin E will produce changes in other parts of metabolism, and it may be these other effects 

that are the real reason these compounds are important in human nutrition (Aggarwal and 

Shishodia, 2006).
 

2.90 Potential Health Effects  

Organ Function  

The brain is uniquely vulnerable to oxidative injury, due to its high metabolic rate and elevated 

levels of polyunsaturated lipids, the target of lipid peroxidation. Consequently, antioxidants are 

commonly used as medications to treat various forms of brain injury. Here, superoxide 
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dismutase mimetics, sodium thiopental and propolol are used to treat reperfusion injury and 

traumatic brain injury,
 
while the experimental drugs disufenton sodium

 
and ebselen

 
are being 

applied in the treatment of stroke. These compounds appear to prevent oxidative stress in 

neurons and prevent apoptosis and neurological damage. Antioxidants are also being 

investigated as possible treatments for neurodegenerative diseases such as Alzheimer's disease, 

Parkinson's disease, and amyotrophic lateral sclerosis, and as a way to prevent noise-induced 

hearing loss. Targeted antioxidants may lead to better medicinal effects. Mitochondria-targeted 

ubiquinone, for example, may prevent damage to the liver caused by excessive alcohol. 

 

People who eat fruits and vegetables have a lower risk of heart disease and some neurological 

diseases, and there is evidence that some types of vegetables, and fruits in general, may lower 

risk against some cancers. Since fruits and vegetables happen to be good sources of nutrients and 

phytochemicals, this suggested that antioxidant compounds might lower risk against several 

diseases. This idea has been tested in a limited manner in clinical trials and does not seem to be 

true, as antioxidant supplements have no clear effect on the risk of chronic diseases such as 

cancer and heart disease. This suggests that these health benefits come from other substances in 

fruits and vegetables (possibly dietary fiber) or come from a complex mix of compounds. For 

example, the antioxidant effect of flavonoid-rich foods seems to be due to fructose-induced 

increases in the synthesis of the antioxidant uric acid and not to dietary antioxidants per se.
 

It is thought that oxidation of low density lipoprotein in the blood contributes to heart 

disease, and initial observational studies found that people taking Vitamin E supplements had 

a lower risk of developing heart disease. Consequently, at least seven large clinical trials 

were conducted to test the effects of antioxidant supplement with Vitamin E, in doses 

ranging from 50 to 600 mg per day. None of these trials found a statistically significant effect 
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of Vitamin E on overall number of deaths or on deaths due to heart disease. Further studies 

have also been negative.
 
It is not clear if the doses used in these trials or in most dietary 

supplements are capable of producing any significant decrease in oxidative stress. Overall, 

despite the clear role of oxidative stress in cardiovascular disease, controlled studies using 

antioxidant vitamins have observed no reduction in either the risk of developing heart 

disease, or the rate of progression of existing disease. 

Several trials have investigated supplements with high doses of antioxidants, the study tested the 

effect of supplementation with doses comparable to those in a healthy diet.
 
Over 12,500 French 

men and women took either low-dose antioxidants (120 mg of ascorbic acid, 30 mg of vitamin E, 

6 mg of beta carotene, 100 µg of selenium, and 20 mg of zinc) or placebo pills for an average of 

7.5 years. The study concluded that low-dose antioxidant supplementation lowered total cancer 

incidence and all-cause mortality in men but not in women. Supplementation may be effective in 

men only because of their lower baseline status of certain antioxidants, especially beta carotene. 

Although some levels of antioxidant vitamins and minerals in the diet are required for good 

health, there is considerable doubt as to whether antioxidant supplements are beneficial or 

harmful; and if they are actually beneficial, which antioxidant(s) are  needed  and  in  what  

a m o u n t . I n d e e d ,  some authors argue that the hypothesis that antioxidants could 

prevent chronic diseases has now been disproved and that the idea was misguided from the 

beginning. Rather, dietary polyphenols may have non-antioxidant roles in minute concentrations 

that affect cell-to-cell signaling, receptor sensitivity, inflammatory enzyme activity or gene 

regulation. 
 

For overall life expectancy, it has even been suggested that moderate levels of oxidative stress 

may increase lifespan in the worm C a e n o r h a b d i t i s  e l e g a n s ,  by inducing a protective 
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response to increased levels of reactive oxygen species. The suggestion that increased life 

expectancy comes from increased oxidative stress conflicts with results seen in the yeast 

S a c c h a r o m y c e s  c e r e v i s i a e
 

and the situation in mammals is even less clear. 

Nevertheless antioxidant supplements do not appear to increase life expectancy in humans. 

2.91 Physical Exercise  

During exercise, oxygen consumption can increase by a factor of more than 10. This leads to a 

large increase in the production of oxidants and results in damage that contributes to muscular 

fatigue during and after exercise. The inflammatory response that occurs after strenuous exercise 

is also associated with oxidative stress, especially in the 24 hours after an exercise session. The 

immune system response to the damage done by exercise peaks 2 to 7 days after exercise, which 

is the period during which most of the adaptation that leads to greater fitness occurs. During this 

process, free radicals are produced by neutrophils to remove damaged tissue. As a result, 

excessive antioxidant levels may inhibit recovery and adaptation mechanisms. Antioxidant 

supplements may also prevent any of the health gains that normally come from exercise, such as 

increased insulin sensitivity. 

The evidence for benefits from antioxidant supplementation in vigorous exercise is mixed. There 

is strong evidence that one of the adaptations resulting from exercise is a strengthening of the 

body's antioxidant defenses, particularly the glutathione system, to regulate the increased 

oxidative stress
. 

This effect may be to some extent protective against diseases which are 

a s s o c i a t e d  with oxidative stress, which would provide a partial explanation for the lower  

incidence of major diseases and better health of those who undertake regular exercise. 
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                                               CHAPTER THREE 

3.0               MATERIALS AND METHODS 

 3.1 Subject Recruitment 

 A total of one hundred and twenty patients, aged between 50 years and above (50-99years) were 

recruited for this study. They were divided into two groups. Sixty patients had prostate cancer 

(group A), sixty had benign prostate hyperplasia (group B) and sixty apparently heathy 

volenteers of the same age served as control subjects (group C). The patients with prostate cancer 

were futher reclassified as follows: 1. using the grade of the tumour, 2. using the Gleason score 

and 3. metastasis and non metastasis. The patients were attending Urology clinic in Nnamdi 

Azikiwe University Teaching Hospital, Nnewi (NAUTH) and 60 control subjects of the same 

age.  All subjects were properly medically examined by the consultant Urologist. A structured 

questionnaire was administered to all participants which helped furnish us with the information 

concerning their age, sex, other biodata. 

3.2 Inclusion and Exclusion Criteria 

 It was only patients suffering from prostrate disorders as confirmed by the Consultant Urologist 

who were recruited to this study. Patients with prostrate disorders on androgen deprivation 

therapy were excluded in the study. 

3.3 Calculation of Sample Size (Naing et al, 2006). 

The formula is given as: 

N  =  Z
2
 pq 

          d
2 
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Where  q  =   1-p,  N =  Minimum sample siz,  Z = Confidence interval of 95% equivalent to 

confidence coefficient of 1.96, P = prevalence rate in percentage  (2%), Desired level of 

precision or significance = 0.05             

N        =               1.96
2   

× p (1-p) 

                                   0.05
2 

 

N       =            3.84 × 0.02 (1- 0.02)
 

                                  0.05
2 

 

N   =               0.165 (0.957)
 

                                  0.0025 

N   =          0.0768 (0.98) 

                        0.0025 

 

N    =          31 
 

3.3 Sample Collection  

About 10 mls of blood sample was collected from the patients and controls through venepuncture 

into plane test tubes and was allowed to clot at room temperature. Serum was obtained after 

centrifugation of the blood samples at 4000rpm and stored in aliquots at -20
0
C until used for the 

estimation of biochemical parameters.   

3.4 Quality Control Measures 

Quality control sera/sample were analyzed along with the test samples in each batch. Standard 

deviation and coefficient of variation were calculated.    

3.5 Biochemical Analyses 

The laboratory analyses were carried out in the Chemical Pathology Department laboratory,  

Nnamdi Azikiwe University Teaching Hospital and Springboard Research laboratory Awka, 
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Anambra state. Prostate specific antigen, Free prostate specific antigen, Sarcosine, engrailed-2 

gen proteins (EN2), 5-alpha reductase, total antioxidant capacity, Superoxide dismutase (SOD) 

and creatinine were determined in the Department of chemical pathology laboratory, Nnamdi 

Azikiwe University Hospital, Nnewi. Magnesium (Mg) and Zinc (Zn) levels were determined in 

the Biotechnology Unit of Nnamdi Azikiwe University, Awka, while the micronutrients 

selenium (Se), Vitamins C, D and E were determined in Springboard laboratory Awka.    

 

3.6 Ethical Approval 

 Research design was submitted to the Ethical Committee of Nnamdi Azikiwe University 

Teaching Hospital (NAUTH) for ethical clearance and approval which was obtained for this 

study. The copy of the approval is attached in appendix (NAUTH/CS/66/VOL4/009) 

3.7 Informed Consent  

The consent of all the participants were duely obtained through the form that was administered to 

all the participants. Every information from the subjects was treated with strict confidence. No 

monetary inducement was demanded from or paid to the participants. The informed consent form 

is attached. 

3.8 Assay Methods 

3.9 Method of Assay for Prostate Specific Antigen (PSA) (Stowel et al, 1991) 

(Cat No BC-1019) 

3.10 Principle of the Test   

The PSA ELISA method is based on the principle of a solid phase enzyme linked 

immunosorbent assay. The assay system utilizes a goat anti-PSA antibody directed against PSA 

for solid phase Immobilization (on the micro titer wells). A monoclonal anti-PSA antibody 
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conjugated to horseradish peroxidase (HRP) is in the antibody-enzyme conjugate solution. The 

test sample is allowed to react first with the immobilized goat antibody at room temperature for 1 

hour. The wells are washed to remove any unbound or excess antigen. The monoclonal anti-

PSA-HRP conjugate is then added and allowed to react with the immobilized antigen for 1 hour 

at room temperature. The wells are washed with water to remove unbound-labeled antibodies. A 

solution of TMB reagent is added and incubated at room temperature for 20 minutes resulting to 

the formation of a blue colour. The colour development is stopped with the addition of stop 

solution changing the colour to yellow. The concentration of PSA is directly proportional to the 

color intensity of the test sample which is measured spectrophotometrically at 450nm.  

3.11 Assay Procedure 

All reagents were brought to room temperature before use. 

The desired numbers of coated wells were determined in the holder and 50 µl of standards, 

samples and controls were dispensed into the appropriate wells, then 50µl of zero buffer was 

added to the wells and thoroughly mixed for 30 seconds and this was incubated at room 

temperature for 1 hour. After the incubation the mixture was emptied into a waste container and 

the microplate rinsed 5 times with distilled water. Afterwards the wells was well drained with an 

absorbent paper to remove all residual water droplets. 100µl of enzyme conjugate was added to 

each well and gently mixed. The plate was incubated at room temperature for 1 hour after which 

the the incubation mixture was emptied into a waste container and the microtiter was washed 5 

times.The absorbent paper was used to remove the residual water droplets and 100µl of TMB 

reagent was added to each well and gently mixed and incubated at room temperature for 20 
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minutes. Finally 100µl of stop solution was added to each well and the plate read with plate 

reader at 450nm.  

3.12 Assay Method for Free PSA (Catalona, 1995)  (Cat. No. BC-1021) 

3.13 Principle of the Test 

The f-PSA ELISA method is a solid phase two site immunoassay. An anti-f-PSA monoclonal 

antibody is coated on the surface of the microtiter wells and a goat anti-PSA antibody labelled 

with horseradish peroxidase is used as a tracer. The f-PSA molecules present in the sample are 

sandwiched between the two antibodies. Following the formation of the coated antibody-antigen-

antibody-enzyme complex, the unbound antibody-enzyme tracers are removed by washing. The 

horseradish peroxidase activity bound in the wells is the assayed colourimetrically using a 

microplate reader at 450nm. 

3.14 Assay Procedure Free PSA 

All reagents were brought to room temperature before use. 

The desired numbers of coated wells were determined in the holder and 50 µl of standards, 

samples and controls were dispensed into the appropriate wells, then 100µl of zero buffer was 

added to the wells, gently mixed for 30 seconds and this was incubated at room temperature for 1 

hour. After the incubation the mixture was emptied into a waste container and the micro titer 

wells rinsed for 5 times with distilled water. Afterwards the wells were well drained with an 

absorbent paper to remove all residual water droplets. 200µl of enzyme conjugate was added to 

each well and gently mixed. The plate was incubated at room temperature for 1 hour after which 

the incubation mixture was emptied into a waste container and the microtiter wells were washed 

5 times. The absorbent paper was also used to remove the residual water droplets and 100µl of 
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TMB reagent was added to each well and gently mixed and incubated at room temperature for 20 

minutes. Finally 100µl of stop solution was added to each well and the plate was read with plate 

reader at 450nm. 

3.15 Determination of Engrailed Homeobox Protein 2 (EN2) (life science Inc, 

China)(sE98982Hu 

3.16 Principle of the Test 

The microtiter plate provided in this kit has been pre-coated with a monoclonal antibody specific 

to EN2. Standards or samples are then added to the appropriate micro titer plate wells with a 

biotin-conjugated polyclonal antibody preparation specific for EN2. Next, Avidin conjugated to 

Horseradish Peroxidase (HRP) is added to each microplate well and incubated. After TMB 

substrate solution is added, only those wells that contain EN2, biotin-conjugated antibody and 

enzyme-conjugated Avidin will exhibit a change in color. The enzyme-substrate reaction is 

terminated by the addition of sulphuric acid solution and the color change is measured 

spectrophotometrically at a wavelength of 450nm ± 10nm. The concentration of EN2 in the 

samples is then determined by comparing the O.D. of the samples to the standard curve. 

3.17 Reagent Preparation  

The kit components were brought to room temperature (18-25oC) before use. Standard was 

reconstituted with 1.0mL of Standard Diluent, kept for 10 minutes at room temperature and 

mixed gently (no foams). The concentration of the standard in the stock solution is 20ng/mL. 

Seven tubes were prepared containing 0.5mL Standard Diluent which was used to produce a 

double dilution series according to the concentration shown below. Each tube was mixed 

thoroughly before the next transfer. After Setting up 7 points of diluted standard such as 
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20ng/mL, 10ng/mL, 5ng/mL, 2.5ng/mL, 1.25ng/mL, 0.625ng/mL, 0.312ng/mL, and the last (8
th

) 

tubes with Standard Diluent is the blank as 0ng/mL. 

 Assay Diluent A and Assay Diluent B were diluted with 6mL of deionized or distilled water to 

prepare 12 mL of Assay Diluent A or B. 

Detection Reagent A and Detection Reagent B were briefly centrifuged  before use and diluted to 

the working concentration with working Assay Diluent A or B, respectively (1:100) 

 Wash Solution: 20ml of wash solution concentrate was diluted with 580mL of distilled water to 

prepare 600 mL of Wash Solution.TMB substrate: Ready to use. The needed volume of the 

solution was aspirated with sterilized tips. 

Note: 

1.  Making serial dilution in the wells directly is not recommended. 

2. Standard was prepared within 15 minutes before assay 

3.  The reconstituted Standards, Detection Reagent A and Detection Reagent B can be used only 

once 

4.  Contaminated water or container for reagent preparation will influence the detection result. 

3.18 Assay Procedure for Engrailed 2 gene 

The wells for diluted standard (7 wells), blank and sample was determined, and 100µL each of 

dilutions of standard (see Reagent Preparation), blank and samples into the appropriate wells. 

The wells were covered with the plate sealer and incubated for 2 hours at 37oC.The liquid of 

each well was carefully removed, (not washed). Then 100μL of detection reagent A working 

solution was added to each well and incubated for 1 hour at 37oC after covering it with the Plate 

sealer. The solution was aspirated and the wells washed with 350μL of wash solution (3 times) 
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using a wash bottle or multi-channel pipette, and the remaining liquid from all wells was 

completely removed by snapping the plate onto absorbent paper. Then 100μL of detection 

Reagent B working solution was added to each well and incubated for 30 minutes at 37oC after 

covering it with the plate sealer. The aspiration/wash process was repeated as described above 5 

times, after which  90μL of Substrate Solution was added to each well and covered with a new 

plate sealer and incubated for 15 - 25 minutes at 37oC. The liquid turned blue by the addition of 

substrate solution. Finally 50μL of stop solution was added to each well and the liquid mixed 

properly by tapping the side of the plate. Then the absorbance/concentration was measured 

immediately using micro plate reader at 450nm. 

3.19 Assay Method for 5-Alpha Reductase  (5ARD2) (life science Inc, China)(sE81285Hu) 

3.20 Principle of the Test  

The microtiter plate provided in this kit has been pre-coated with a monoclonal antibody specific 

to 5ARD2. Standards or samples are then added to the appropriate micro titer plate wells with a 

biotin-conjugated polyclonal antibody preparation specific for 5ARD2. Next, Avidin conjugated 

to Horseradish Peroxidase (HRP) is added to each microplate well and incubated. After TMB 

substrate solution is added, only those wells that contain 5ARD2, biotin-conjugated antibody and 

enzyme-conjugated Avidin will exhibit a change in color. The enzyme-substrate reaction is 

terminated by the addition of sulphuric acid solution and the color change is measured 

Spectrophotometrically at wavelength of 450nm. The concentration of 5ARD2 in the samples is 

then determined by comparing the O.D. of the samples to the standard curve. 
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3.21 Reagent Preparation for 5-Alpha Reductase   

The kit components were brought to room temperature (18-25oC) before use. Standard was 

reconstituted with 1.0mL of Standard Diluent, kept for 10 minutes at room temperature and 

mixed gently (without foaming). The concentration of the standard in the stock solution is 

20ng/mL. 

Seven tubes were prepared containing 0.5mL Standard Diluent which was used to produce a 

double dilution series according to the concentration shown below. Each tube was mixed 

thoroughly before the next transfer. After Setting up 7 points of diluted standard such as 

20ng/mL, 10ng/mL, 5ng/mL, 2.5ng/mL, 1.25ng/mL, 0.625ng/mL, 0.312ng/mL, and the last (8
th

) 

tube with Standard Diluent is the blank as 0ng/mL. 

 

 Assay Diluent A and Assay Diluent B were diluted with 6mL of deionized or distilled water to 

prepare 12 mL of Assay Diluent A or B. 

 Detection Reagent A and Detection Reagent B were briefly centrifuged  before use and diluted 

to the working concentration with working Assay Diluent A or B, respectively (1:100) 

 

Wash Solution: 20ml of wash solution concentrate was diluted with 580mL of distilled water to 

prepare 600 mL of Wash Solution. TMB substrate: Ready to use. The needed volume of the 

solution was aspirated with sterilized tips. 

3.22 Assay Procedure for 5-alpha reductase 

The wells for diluted standard (7 wells), blank, sample and controls were determined, and 100µL  

each of dilutions of standard (see reagent preparation), blank and samples into the appropriate 

wells. The wells were covered with the plate sealer and incubated for 2 hours at 37oC.The liquid 

of each well was carefully removed, without washing. Then 100μL of detection reagent A 
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working solution was added to each well and incubated for 1 hour at 37oC after covering it with 

the Plate sealer. The solution was aspirated and the wells washed with 350μL of wash solution (3 

times) using a wash bottle or multi-channel pipette, and the remaining liquid from all wells was 

completely removed by snapping the plate onto absorbent paper. Then 100μL of detection 

Reagent B working solution was added to each well and incubated for 30 minutes at 37oC after 

covering it with the plate sealer. The aspiration/wash process was repeated as described above 5 

times, after which  90μL of Substrate Solution was added to each well and covered with a new 

plate sealer and incubated for 15 - 25 minutes at 37oC. The liquid turned blue by the addition of 

substrate solution. Finally 50μL of stop solution was added to each well which turned the liquid 

yellow by the addition of Stop solution and the liquid mixed properly by tapping the side of the 

plate. Then the absorbance/concentration was measured immediately using micro plate reader at 

450nm. 

3.23 Total Antioxidant Capacity (Biovision USA) (K274-100) 

3.24 Principle of the Test 

The TAC assay kit (Biovision) measures either the combination of both small molecule 

antioxidants and proteins or small molecule alone in the presence of proprietary protein mask. 

The Cu
2+

 ion is reduced to Cu
+
 by both small molecules and proteins. The reduced Cu

+
 ion is 

chelated with a diluent ( colourimetric probe) to produce a deep blue colour which was read at 

570nm.  
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 Kit Contents: 

Cu2+ Reagent             0.2 ml                                   K274-100-1 

Assay Diluent              10 ml                                   K274-100-2 

Protein Mask               10 ml                                   K274-100-3 

Trolox Standard          (1 μmol)                                   K274-100-4 

3.25 Reconstitution of Reagents: 

Cu
2+

 Reagent, Assay Diluent, Protein Mask: Ready to use as supplied and were  kept at room 

temperature as stipulated on the vial. Trolox Standard lyophilized was dissolved in 20 μl of pure 

dimethyl sulfoxide (DMSO) by vertxing, then 980 μl of distilled water was added and mixed 

well, generating a 1 mmol solution. Following reconstitution, aliquots were stored frozen. The 

reconstituted standard is stable for 4 months when stored frozen. 

3.26 Reagent Preparation for Total Antioxidant Capacity (TAC) 

Trolox standard curve: The standard curve was prepared by adding 0, 4, 8, 12, 16, 20 μl of the 

Trolox standard to individual wells and then the total volume was adjusted to 100 μl with 

distilled H2O to give 0, 4, 8, 12, 16, 20 nmol of Trolox standard. 

 Preparation of working solutions: One part Cu
2+

reagent was diluted with 49 parts 0f assay 

diluent. Enough working solution was diluted for the number of assays. Each well requires 100 

μl of Cu
2+

 working solution. 

3.27 Assay Procedure 

 20µl of samples, standard and controls were added to the wells and then 100 μl Cu
2+

 working 

solution was added to all standard, sample and control wells. The plate was covered and 
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incubated at room temperature for 1.5 hours. The absorbance read at 570 nm using the plate 

reader. The standard curve was plotted which was used to extrapolate the 

 Concentration of the tests. 

3.28 Test Method for Superoxide Dismutase (SOD) (Biovision kit USA)( K335-100) 

3.29 Principle of the Test 

The sensitive SOD assay kit utilizes WST-1 that produces a water-soluble formazan dye upon 

reduction with superoxide anion. The rate of the reduction with a superoxide anion is linearly 

related to the xanthine oxidase (XO) activity, and is inhibited by SOD. Therefore, the inhibition 

activity of SOD can be determined by a colorimetric method at 450 nm. 

Kit Contents: 

WST Solution                     1 ml                      Red                  K335-100-1 

SOD Enzyme Solution         20µl                     Green               K335-100-2 

SOD Assay Buffer              20 ml                                            K335-100-3 

SOD Dilution Buffer           10 ml                                            K335-100-4 

3.30 Reagent Preparation and Storage Conditions 

WST Working Solution: 1 ml of WST solution was diluted with 19 ml of assay buffer solution. 

The diluted solution is stable for up to 2 months at 4°C. Enzyme Working Solution was 

Centrifuged for 5 seconds and mixed well by pipetting (The step is necessary, as the enzyme has 

two layers and must be mixed well before dilution). Then 15µl of enzyme working solution was 

diluted with 2.5 ml of dilution buffer. The diluted enzyme solution is stable for up to 3 weeks at 

4°C 
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3.31  Superoxide Dismutase Assay Procedure 

20µl of Sample and blank 2 were added to the appropriate wells and 20µl of distilled water was 

added to each blank 1 and blank 3 wells. Then 200µl of the WST working solution was added to 

each well after which 20µl of dilution buffer were added to each Blank 2 and Blank 3 well. 

Finally 20µl of enzyme working solution was added to each sample and Blank 1 well, the wells 

were mixed thoroughly and incubated plates at 37°C for 20 minutes. The absorbance was read  at 

450 nm using a microplate reader. 

3.32 Test Method for Sarcosine (Biovision kit USA)(K636-100) 

Sarcosine was measured using colourimetric method. 

3.33 Principle of the Test 

The assay Kit (Biovision) provides an accurate, convenient measure of sarcosine in variety 

biological samples. In the assay, sarcosine is specifically oxidized to generate a product that 

converts a colorless probe to a product with intense red color which is measured 

colourimetrically at 570 nm. 

 Kit Contents: 

Sarcosine assay buffer                   25ml                                          K-636-1     

Sarcosine Probe  in DMSO)          Lyophilized                               K-636-2          

Sarcosine Enzyme mix                 Lyophilized       Green                K-636-3 

Sarcosine Standard (10 μmol)       Lyophilized       Yellow             K-636-4 
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3.34 Reagent Preparation and Storage Conditions 

Sarcosine assay buffer: This is ready to use as supplied. It was stored at 4°C or frozen. as 

indiceted on the vial. Sarcosine probe was briefly warmed at 37°C for 1-2 min to dissolve, mixed 

well and Stored frozen. This reagent is stable for at least 2 months. Enzyme mix was 

reconstituted with 220 μl of sarcosine assay buffer, aliquoted and stored until needed. 

Freezing/thawing was strictly avoided as was instructed. Sarcosine standard was reconstituted 

with 100 μl of distilled water and stored frozen, stable for 2 months. 

3.35 Assay Procedure 

The Standard was prepared by mixing 10 μl of the reconstituted sarcosine standard with 990 μl 

of assay buffer to generate the standard working solution. Then 0, 2, 4, 6, 8, 10 μl of the working 

standard solution were added to 6 consecutive wells to  bring the volume to 50 μl each well with 

assay buffer. Enough reaction Mix was prepared for the standards and samples as follows: For 

each assay, 46μl assay buffer, 2μl enzyme and 2μl of probe were added together and mixed well. 

Then 50 μl of the reaction mix was added to each standard, sample and control wells and mixed 

thoroughly and incubated at 37°C for 1 hr. The plate was read with a plate reader at 570 nm,  

3.36 Test Method for determination of Vitamins C, D and E (Wenzl, 2006) 

Instrument: Buck 930 gas chromatograph equipped with an on – column automatic injector, 

Mass spectroscopy, HP 88 capillary column (100m x .25um film thickness,) CA, USA. 

3.37 Principle of analyses 

The principle of measuring vitamins C, D and E using gas chromatography  

involves separation of components of the sample under test due to partition in between 

http://www.amazon.com/Gas-Chromatography-Mass-Spectrometry-Practical/dp/0123736285/ref=sr_1_2?s=books&ie=UTF8&qid=1440694880&sr=1-2&keywords=gas+chromatography
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gaseous mobile phase and stationary liquid phase. Gas chromatography runs on the principle 

of partition chromatography for separation of components. In terms of stationary and mobile 

phases it is categorized under gas-liquid type of chromatography i.e stationary phase is a liquid 

layer supported over a stationary phase while the mobile phase is an inert and stable gas. Hence 

the perfect name as Gas Liquid chromatography (GLC). The gas is set to flow at a constant rate 

from the cylinder on to the liquid layer impregnated on solid support in a column. The sample is 

injected into the injection point and is carried by the mobile gas into the column. Inside the 

column, the components get separated by differential partition in between the mobile phase gas 

and stationary phase liquid. The component that partitioned into gas comes out of the column 

first and is detected by detector. The one partitioned into liquid phase comes out later and is also 

detected through a detector that produces an electrical signal which is translated to concentration. 

3.38 Sample Preparation for Vitamin Determination Using Gas Chromatography 

200ul of plasma working solution were prepared in 20ml ethanol. To determine the concentration 

of vitamin in human plasma, an aliquot of the plasma sample was deproteinized with ethanol. 

Vitamin C, D and E was extracted with a mixture of 6ml hexane and 2ml dichloromethane. Gas 

chromatography separation was performed using a Hp 5 captllary column. Helium was used as a 

carrier gas at a flow rate of 2ml/min.  

Fixed Setting: Generally the operator must adjust gas flows to the coloumns, the inlets, the 

detectors, and the split ratio. In addition, the injector and detector temperatures must be set. The 

detectors are generally held at the high end of the oven temperature range to minimize the risk of 

analyte precipitation. All of these parameters should have been set to the correct values, but 

double check all the parameters to ensure that the values are correct. 

http://en.wikipedia.org/wiki/Gas_chromatography
http://www.rajaha.com/adsorption-partition-chromatography/
http://www.rajaha.com/adsorption-partition-chromatography/
http://www.rajaha.com/adsorption-partition-chromatography/
http://www.rajaha.com/adsorption-partition-chromatography/
http://www.rajaha.com/adsorption-partition-chromatography/
http://www.rajaha.com/adsorption-partition-chromatography/
http://www.rajaha.com/importance-of-air/
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Fig 3.1 Gas Chromatography/mass spectroscopy 

         Alon and Amirav, 2006 

 

 

http://www.amazon.com/Gas-Chromatography-Mass-Spectrometry-Practical/dp/0123736285/ref=sr_1_2?s=books&ie=UTF8&qid=1440694880&sr=1-2&keywords=gas+chromatography
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3.39 Assay Procedure for Magnesium (Mg) (Abarca et al, 2001), Zinc (Zn) (Smith et al, 

1997) and Selenium (Se)( Tsalev et al, 2001) 

3.40 Working Principle of the Atomic absorption spectrophotometer. 

The principle is based on the sample being aspirated into the flame. The element is atomized and 

when AASs light beam is directed through into the monochromator and unto the detector that 

measures the amount of light absorbed by the atomized element in the flame. Since metals have 

their own characteristic absorption wavelengths, a lamp source composed of that element is used 

making the method relatively free from spectral or radiational interfereces. The amount of energy 

of the characteristic wavelength in the flame is proportional to the concentration of the element. 

Material 

FS 240 Varian Atomic absorption spectrophotometer. (USA). 

3.41 Reagent Preparation 

 The Mg, Zn, Se working standards were prepared from the stock (1000ppm) 

100ppm of Mg, Zn and Se were first prepared in 100ml of distilled water from the stock using 

the formula below: 

C1V1   =   C2V2 

Where 

C1 = concentration of the working solution. 

V1 = Volume of distilled water to prepare the working solution. 

C2 = concentration of Mg, Zn and Se Stock (1000ppm) 

V2 = volume of stock that is diluted. 
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100ppm × 100ml          =     V2 

1000ppm 

V2 = 10ml of stock solution. 

Thereafter, 10ppm 0f Mg, Zn and se were prepared from 100ppm working solution by adding 

10ml of working solution to 90ml of distilled water. 

3.41 Sample Preparation 

The sample was prepared using 1:4 dilution which was used for the analysis. 

3.42 Assay Procedure 

The machine was switched on and allowed to run for 2 minutes. The standard / sample were 

aspirated into the oxidizing acetylene-nitrous oxide flame. The concentration was read from the 

system.  

3.43 Method of Assay for Creatinine (Vratislav, 2008) 

3.44 Principle of the Test 

Craetinine in alkaline solution reacts with picric acid to form a brownish-yellow. The colour 

intensity is directly proportional to the creatinine concentration measured at 510nm 

3.45 Reagent Supplied and the Preparation  

The working solution was prepared by mixing equal volumes of R1a and R1b. this solution is 

stable when stored for 3 days at 15 to 25
oc 

3.46 Procedure 

0.5ml of the working solution was added to the test tubes prepared for the tests. Then 0.1 ml of 

the standard was added to the tubes and mixed very well and read using the chemistry analyzer. 



 

 

135 

This process also calibrates the machine. The above procedure was repeated for all the samples 

and control to get their direct concentration. After running 10 to 15 samples, the standard was 

also run again to recalibrate the machine. 
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CHAPTER FOUR 

4.0             RESULTS 

The results obtained from the study are represented in the tables and figures below. The age, 

height, weight, body mass index and the blood pressure of test groups and control are shown in 

table 4.1. The mean value of age of control was 70±9.0 years while that of the study group with 

benign prostate (BPH) and prostate cancer were 73±9.0 and 70±9.0 years respectively. There 

was no significant difference in the mean age of the three groups studied. The mean values of the 

height of the test group were 1.67±0.55m and 1.66±0.56m for BPH and Pca respectively while 

that of the control was 1.67±0.07m. There was also no significant difference in the mean values 

of the height.  The mean value of weight for the control was 73.47±10.3Kg while that of the 

BPH and Pca were 75.63±11.4 Kg and 80.07±11.3 Kg respectively. The analysis of variance 

showed that there is significant difference in the mean weight of the three groups. The mean 

values of body mass index for BPH and Pca were 26.59±3.9 and 29.43±4.5Kg/m
2
 respectively 

while the value for control was 26.10±2.7Kg/m
2
. There was also significant difference between 

Pca and control. The mean values of systolic and diastolic blood pressure were 133.6±15.8 

mmHg and 84.6±7.4mmHg respectively for control while those of the test groups were 

133.0±13.1 and 85.7±8.4 mmHg systolic and diastolic for BPH, 132.8±15.3 mmHg and 81.8±8.5 

mmHg systolic and diastolic for Pca. There were no significant difference in the mean value of 

both diastolic and systolic blood pressure. 
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Table 4.1: Mean (±SD), p-value, F-value of age, height, body weight and blood pressure 

measurements in the all groups.                                                                                                                                                     

Group              Age         Height         Weight            BMI             DBP            SBP 

            (Yr)        (m)                (Kg)               (Kg/m
2
)         (mmHg)    (mmHg) 

 

Pca (A)        70±9.0      1.66±0.56     80.07±11.3     29.43±4.5   81.8±8.5    132.8±15.3 

 

BPH (B)       73±9.0     1.67±0.55      75.63±11.4     26.59±3.9   85.7±8.4    133.0±13.1 

                                                                                                                                     

CONT (C)    70±9.0     1.67±0.07      73.43±10.3     26.10±2.7   84.6±7.4   133.6±15.8 

 

F-Value      1.61           0.491              5.522                14.381        3.67              0.053 

P-value       0.202         0.613              0.005*              0.0001*       0.027           0.948 

POST HOC 

A vs B        0.150          0.396             0.030*               0.0001*       0.010*      0.948 

A vs C       0.839           0.388             0.0001*             0.0001*        0.058       0.758 

B vs C       0.101           0.989             0.286                 0.469            0.476        0.806 

 

 N = 60 for each group  

BPH = benign prostate hyperplasia 

Pca = Prostate cancer                                                                                                                                                 

CONT = Control 

P<0.05 

* Shows significant value 
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The values of total prostate specific antigen, free prostate specific antigen, percentage free 

prostate specific antigen and creatinine of prostate cancer and BPH and the control group are in 

table 4.2. There was a statistical difference in the mean values of total prostate specific antigen 

(F = 92.26), FPSA (F = 40.0), %FPSA (F = 19.6) and creatinine (F = 12.14) among three groups 

studied. The mean values of TPSA, FPSA, %FPSA were found to be 5.24±4.97, 0.84±0.98, 

17.01±14.78 for controls respectively, while, the values of TPSA, FPSA and %FPSA were 

42.80±49.15, 2.99±5.21, 7.51±4.66 respectively for BPH. The values for Pca were 104±49.05, 

9.41±7.83 and 8.20±4.65 for TPSA, FPSA and %FPSA respectively. There was  a significant 

difference in the mean value of both TPSA, FPSA  between control and BPH, between control 

and Pca. A significant difference was also observed in the mean values of TPSA and FPSA 

between BPH and Pca. The plasma concentration of creatinine was found to be 82.18±77.78 

µmol/L for controls which was sinificantly lower than that of the test groups with the values of 

125.10±66.4 µmol/L and 152.11±89.06µmol/l for BPH and Pca respectively. 
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Table 4.2: levels 0f TPSA, FPSA, %FPSA and creatinine in Prostate cancer, BPH and controls.       

                                                                                                                                             

Group                   TPSA                        FPSA                  %FPSA               Cr       

                             (ng/ml)                     (ng/m)                                        (µmol/L) 

 

Pca (A)                  104±49.05                   9.41±7.83        8.20±4.65         152.11±89.06 

BPH (B)                 42.80±49.15              2.99±5.21        7.51±4.66         125.10±66.43 

                                                                                                                                                        

CONT (C)               5.24±4.97                  0.84±0.98      17.01±14.78       82.18±77.78 

F-value                    92.652                       40.00                    19.253             12.149 

P-value                   0.0001*                     0.0001*                0.0001*            0.0001* 

POST HOC 

A vs B                     0.0001*                    0.0001*                     0.685              0.062 

A vs C                    0.0001*                     0.0001*                     0.0001*           0.0001* 

B vs C                     0.0001*                    0.033*                        0.0001*           0.003* 

N= 60 for each group 

BPH = benign prostate hyperplasia 

Pca = Prostate cancer                                                                                                                                                 

CONT = Control 

P<0.05 

* Shows significant value 
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The mean  concentrations of sarcosine, total antioxidant capacity, engrailed -2-gene protein, and 

5-alpha reductase as contained in table 4.3 showed that the mean value of sarcosine was 3.0±0.52 

nmol/l for control which was significantly lower than that of Pca group with the value of 

5.36±1.6nmol/l (P<0.050). The value of sarcosine for BPH was 3.09±0.34nmol/l, there was no 

significant difference between the control group and BPH. The concentration of sarcosine in 

BPH was also significantly lower (P<0.05) than the Pca group. The mean level of TAC was 

found to be 15.23±7.3 nmol/l for the control group which was significantly higher (P<0.05) than 

the test groups with the values of 7.40±2.60nmol/l and 7.2±2.2nmol/l respectively for BPH and 

Pca. In contrast,s no significant difference was observed between BPH and Pca. The values of 

EN 2 was found to be 5.51±2.33ng/ml for controls and 5.63±2.92, 6.50±3.86ng/ml for BPH and 

Pca respectively.There was an increase in the mean value of EN2 in the Pca group which was not  

significantly difference when compared with the control (P>0.05). The value of 5-alpha 

reductase was 3.7±1.02ng/ml in control group which significantly lower (P<0.05) than in the test 

groups with mean values of 6.55±1.9 for BPH and 7.10±7.31ng/ml for Pca respectively. In 

cotrast there was no significant difference in the mean value of 5-alpha reductase of subjects 

with BPH and Pca.   
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Table 4.3:  Concentration of Sarcosine, TAC, EN2 and 5-ARD in prostate cancer, BPH and 

contols. 

                                                                                                                                                                     

Group                 Sarcosine                     TAC                     EN2                    5-ARD 

                             (nmol/l)                  (nmol/ml)             (ng/ml)                (ng/ml)          

                                                                                                                            

Pca (A)              5.36±1.60                    7.2±2.2               6.50±3.86             7.10±1.31 

 

BPH (B)            3.09±0.34                   7.40±2.60            5.63±2.92              6.55±1.90 

                                   

CONT (C)          3.0±0.52                    15.23±7.3             5.51±2.33             3.7±1.02 

F-value               96.117                        57.705                   1.738                      5.656 

P-value                 0.0001*                    0.0001*                 0.179                       0.004* 

POST HOC 

A vs B                 0.0001*                        0.885                    0.136                       0.608 

A vs C                 0.0001*                      0.0001*                   0.09                        0.002* 

B vs C                 0.267                          0.0001*                    0.834                     0.010* 

                                                                                                                                                                        

N= 60 for each group 

BPH = benign prostate hyperplasia 

Pca = Prostate cancer                                                                                                                                                 

CONT = Control 

P<0.05 

* Shows significant value.                         
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Table 4.4 below shows the mean concentrations of seleniun, zinc, and magnesium. The serum 

level of selenium was 38.63±18.45mg/dl for control group which was significantly higher than 

test groups with mean values of 27.53±9.49 and 20.81±8.80 mg/dl for BPH and Pca respectively. 

The mean values of zinc were found to be significantly higher in controls (58.17±27.81 mg/dl) 

than the test groups which were 20.01±13.28 and 18.99±18.29mg/dl for BPH and Pca 

respectively. The mean values of magnesium were 5.17±1.06, 3.18±0.22 and 1.89±1.79mg/dl for 

controls, BPH and Pca respectively. The mean value was significantly higher in controls than 

both BPH and Pca. Meanwhile the mean value was also significantly lower in Pca than BPH 
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Table 4.4: Levels of selenium, zinc and magnesium in subjects with Prostate cancer, BPH and 

controls 

                                                                                                                                                                          

Group                          Se                                    Zn                                            Mg 

                                 (mg/dl)                            (mg/dl)                                    (mg/dl) 

                                                                                                                           

Pca (A)                         20.81±8.80                  18.99±18.29                         1.89±1.79 

 

BPH (B)                      27.53±9.49                   20.01±13.28                        3.18±0.22 

                                          

CONT (C)                  38.63±18.45                   48.17±27.81                         5.17±1.06 

F-value                        6.792                                42.182                                  25.77 

P-value                        0.001*                              0.0001*                               0.0001* 

POST HOC 

A vs B                        0.071                                    0.834                                0.004* 

A vs C                       0.0001*                                0.0001*                             0.001* 

B vs C                       0.024*                                  0.0001*                             0.002* 

                                                                                  

N= 60 for each group 

BPH = benign prostate hyperplasia 

Pca = Prostate cancer                                                                                                                                                 

CONT = Control 

P<0.05 

* Shows significant value 

 



 

 

144 

The levels of vitamins C, D, E and SOD are shown in table 4.5. The mean concentration of 

vitamin C was 6.94±4.5mg/dl for control while the mean concentrations were 5.84±6.65 and 

5.18±8.93 mg/dl for BPH and prostate cancer subjects respectively. There was no significant (p> 

0.05) different between the three groups studied. The concentration of vitamin D for control was 

23.33±19.75mg/dl which was significantly higher than the mean concentration of the BPH and 

prostate cancer patients which were 10.91±13.49 and 8.82±14.66mg/dl. The concentration of 

vitamin E was found to be 10.71±0.44 for control which was also significantly (p<0.05) higher 

than that of the BPH and prostate cancer with the values 6.17g/dl±7.87 and 6.07g/dl±0.48 

respectively. The activity of SOD was 1.41±0.63 IU/l for Prostate cancer subjects which was 

significantly (p<0.05) lower than tha of BPH and control which were 2.18±1.1 and 2.11±0.96 

respectivrly. There was no significant different between BPH and control. 
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Table 4.5: The mean concentration of Vitamin C, D , E and SOD 

 

Group                Vit C                   Vit D                      Vit E                            SOD 

                            (Mg/dl)            (mg/dl)                   (mg/dl)                          (IU/l) 

  

Pca (A)         5.18±8.93          8.82±14.66                6.07±0.48                  1.41±0.63 

 

BPH (B)          5.84±6.65         10.91±13.49                6.17±7.87                2.11±0.96 

 

CONT (C)        6.94±4.51         23.33±19.75            10.71±0.44                 2.18±1.1  

      

F-value            0.383                 6.110                             1.680                      12.05 

P-value            0.683                0.003*                             0.038*                    0.0001* 

POST HOC 

A vs B              0.386              0.642           0.972                         0.001*  

A vs C              0.232             0.001*                              0.048*                       0.0001* 

B vs C              0.600             0.006*                             0.031*                        0. 694 

                                                                                                                                                       

N= 60 for each group 

BPH = benign prostate hyperplasia 

Pca = Prostate cancer                                                                                                                                                 

CONT = Control 

P<0.05 

* Shows significant value 
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Table 4.6: Correlations of parameters in  BPH patients. 

Parameters            r-value          P-value 

  FPSA Vs  %FPSA         0.36   0.007 

  FPSA  Vs  5ARD         0.42   0.001 

  FPSA  Vs    Zn         0.44   0.001 

  TAC  Vs   Vit D         0.33   0.01 

  5ARD  Vs  Se        0.30   0.024 

  Age  Vs TPSA         0.40   0.001 

   Hgt  Vs  Wgt         0.47   0.001 

   5ARD Vs  FPSA          0.42   0.001 

    Vit. D Vs % PSA          0.27   0.03 

     Vit. D Vs TAC          0.32   0.011 
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Table 4.7: Correlations of parameters in prostate cancer patients. 

   Parameters         r-value         P-value 

BMI  Vs  Wgt       0.81        0.0001 

 TPSA  Vs BMI       0.28        0.029 

 %FPSA  Vs Vit D        0.27        0.034 

 TAC Vs  Vit D        0.32       0.011 

 5ARD  Vs Se        -0.293       0.024 

 Se Vs  Zn         0.27       0.034 

 Vit E  Vs  Mg         0.44       0.0001 

TPSA Vs  5ARD         0.29      0.025 

 Se  Vs SOD          0.34       0.006 

 TAC Vs BMI          -0.35      0.005 

TAC  Vs  Se          0.50     0.0001 

 Vit D  Vs Vit E          0.50     0.0001 

 

 

 

  

 

 

 



 

 

148 

Tumor markers are substances that are produced by cancer or by other cells of the body in 

response to cancer or certain benign (noncancerous) conditions. They are biological molecules 

found in blood, other body fluids, or tissues that can be objectively measured and evaluated as a 

sign of a normal/abnormal biological process and a pathogenic condition/disease.  Most tumor 

markers are made by normal cells as well as by cancer cells; however they are produced at much 

higher levels in cancerous conditions. These substances can be found in the blood, urine, tumor 

tissue, or other tissues or body fluids of some patients with cancer. Because tumor markers can 

be used to assess the response of a tumor to treatment and for prognosis, researchers have hoped 

that they might also be useful in screening tests that aim to detect cancer early, before there are 

any symptoms. For a screening test to be useful, it should have very high sensitivity (ability to 

correctly identify people who have the disease) and specificity (ability to correctly identify 

people who do not have the disease). If a test is highly sensitive, it will identify most people with 

the disease, it will result in very few false-negative results. If a test is highly specific, only a 

small number of people will test positive for the disease that they do not have, in other words, it 

will result in very few false-positive results. The sensitivity and specificity were calculated using 

the formulae bellow.  

The formula to calculate the sensitivity and specificity (Bradley 2005) are as follows:  

Sensitivity = No. of patients (test group) with high (true positive) levels of parameter   ×    100 

                     Total no. of patients used in the study                                                                    1 

 

Specificity = No. of control without high (true negative) levels of parameter    ×         100  

                      Total no. of controls used in the study.                                                      1 

Total no of Prostate cancer patients = 60 
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Total no of control subjects = 60 

Subtituting the values in the equation for example sarcosine: 

Sensitivity of sarcosine =    45      × 100 =  75%,   Specificity of sarcosine =  43    ×  100  = 71% 

                                            60                                                                           60 

  

Where 45 is the number of cancer group that are true positive (for sensitivity) 

 

           43 is the number of control group that are true negative (for specificity) 

 

Sensitivity of TAC =         19 × 100 = 31%,     Specificity of TAC =    37       × 100 = 61% 

                                           60          60 

                                                                             

Sensitivity of 5ARD =    35  × 100 = 58%, Specificity of 5ARD =          41  × 100 = 68% 

                                          60                                                                    60 

 

Sensitivity of SOD =     40   × 100 = 68%,     Specificity of SOD =    33  × 100 =  55% 

                                      60                                                                     60 

 

Sensitivity of EN2 =      31   × 100 = 51%,        Specificity of EN2 =   25 ×   100 = 41% 

                                       60                                                                     60  

 

Sensitivity of TPSA =    23    × 100 = 38%,   Specificity of TPSA    27  × 100 = 45% 

                                        60                                                                60                    
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Table 4.8: The Sensitivity and Specificity of the markers (Sarcosine, TAC, 5ARD, EN2 and 

SOD). 

 

Parameters 

No. of positive No. of negatives  

Sensitivity 

 (%) 

 

Specificity 

(%) 

Control Test Control Test 

Sarcosine 17 45 43 15 75 71 

TAC 23 19 37 41 31 61 

5ARD 19 35 41 25 58 68 

SOD 27 40 33 20 68 55 

EN2 35 31 25 29 51 41 

TPSA 33 23 27 37 38 45 
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 Fig 4.1 Correlation between FPSA and TPSA in BPH subjects 
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Fig 4.2: Correlation between TPSA and Age 
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Fig 4.3: Correlation betweenWeight and BMI 
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Fig 4.4: Correlation between SOD and Se 
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Fig 4.5: Correlation between Vit C and Vit E 
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Fig4.6: Correlation between FPSA and %FPSA. 
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Fig4.7: Correlation between SARC and FPSA. 
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Fig4.8: Correlation between FPSA and TPSA. 
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Fig 4.9: Correlation between TAC and TPSA. 
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Fig 4.10: Correlation between CREAT and 5AR. 
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Fig4.11: Correlation between %FPSA and SARC. 
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Fig 4.12: Mean concentration of Sarc, TAC, 5 ARD and EN2 of the prostate subject when they 

were classified using the grade of the tumor 
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Fig 4.13: Mean concentration of Sarc, TAC, 5 ARD and EN2 of the prostate subject using their 

Gleason score  
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Fig 4.14: Mean concentration of Sarc, TAC, 5 ARD and EN2 of the prostate subject based on 

classification of metastasis and non metastasis   
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CHAPTER 5 

5.0                      DISCUSSION 

In this present study, the level of total prostate specific antigen (PSA) was found to be 

significantly elevated in prostate cancer and benign prostate hyperplasia partistipants when 

compared with controls. There is wildly held view that men with total PSA level greater than 

10.0ng/ml are at increased risk of developing prostate cancer. Previous reports from the 

American cancer Society (ACS, 2014) showed that there is more than a 67% chance of risk of 

having Pca with elevated PSA, the mecahanism being that the PSA is produced at much higher 

levels in cancerous conditions. The ACS report showed that PSA levels between 4.0ng/ml and 

10ng/ml may indicate prostate cancer in about 25% of the studied population, while there is a 

75% chance of having BPH or prostatitis. The effect of age on PSA is well established, elevation 

in the levels of PSA are more common in the elderly (Babaian et al, 1992) 

The levels of free prostate specific antigen were significantly higher in both Pca and BPH than 

controls, the level being significantly higher in Pca than BPH. The elevation of free PSA seen in 

this study is probably due to increased secretion by the tumour itself or the normal body tissues 

in response to cancer. It is only in the grey zone (total PSA of between 4.0ng/ml and 10ng/ml) 

that the free PSA is most useful or valuable in diagnosis. When men in the grey zone have 

decreased levels of free PSA, they have higher probability of prostate cancer, but when they have 

elevated level of free PSA, the risk is diminished. The ratio of free to total PSA may aid in 

deciding whether or not a prostate biopsy should be performed. There was also significant 

difference in the mean value of percentage free PSA for the three groups, the value being 

significantly higher in control than the patients groups. There was no significant difference in 

BPH and Pca. Some evidence suggests that lower levels of percentage free PSA may be 
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associated with more aggressive cancer. Evidence also suggest that in men with PSA levels 

between 4.0 to 10.0ng/ml,  performing a prostate biopsy  when the percentage free PSA is 24 or 

below would detect more than 90% of Prostate cancer. This would reduce the number of 

unnecessary biopsy by 20% (John Hopkins health alert, 2014). 

 The mean value of creatinine was found to be significantly higher in patients with Pca than 

control, also the value was significantly increased in BPH than controls, thus there were 

significant differences in the three groups. Urinary retention is a common presentation in BPH 

and Pca thus urinary retention affects creatinine values. The synthesis of creatine, which is 

converted to creatinine in muscle cells, requires a methyl group from S-adenosylmethionine, 

which in turn is converted via adenosylhomocysteine to homocysteine. It is therefore 

conceivable that creatinine could serve as a marker for homocysteine status. Studies among 

prostate cancer patients have shown that serum creatinine is associated with more advanced 

disease (Chiong et al, 2005) and with decreased survival (Fossa et al, 1992 ), although this 

relationship is not supported by some studies (Merseburger et al, 2001). 

The significant raised sarcosine was due to hypomethylation (decreased methylation) of DNA, 

which triggers increase synthesis of glycine –N- methyl transferase. Due to properties of GNMT, 

its excessive production causes a cleavage of glycine to sarcosine through increased utilization of 

SAM and this causes the elevation of sarcosine in blood and urine. This makes sarcosine 

interesting in the field of non-invasive cancer biomarkers.  This finding is in agreement with the 

finding of Sreekumar et al (2009) who reported that sarcosine was greatly increased during 

cancer progression. However another study revealed that sarcosine was not detected in the urine 

of cancer patients (Jentzmik et al 2011). The discrepancy may be due to the sample used for 
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analysis. Sreekumar et al, (2009) used serum while Jentzmik used urine sample. Hence for any 

substance to appear in urine, it must have exceeded its reabsorptve capacity. Meanwhile other 

studies reported significant elevation of sarcosine levels in prostate cancer patients (Giuseppe et 

al 2012, Khan et al 2013). Hence these studies found that sacosine may be potentially useful for 

the diagnosis and prognosis of prostate cancer. The value of sarcosine showed no significant 

difference in the patients with BPH and the controls. This finding appears to be the major 

advantage of sarcosine over prostate specific antigen as a diagnostic tool for prostate cancer. 

Proliferating cells exhibit considerably different metabolic requirements from most normal 

differentiated cells. In order to support their high rates of proliferation, cancer cells consume 

additional nutrients and divert those nutrients into macromolecular synthetic pathways, 

metabolic pathways must therefore be rewired in such a way as to balance biosynthetic process 

with sufficient ATP production to support cell growth and survival (Griffin et al, 2004). Prostatic 

fluid from patient with Pca have characteristic lower citrate and higher spermin levels as a 

consequence of the metabolic shift associated with the acquisition of malignant phenotype. The 

citrate is converted by enzymes that are androgen regulated to acetyl COA which is a precursor 

for lipid biosynthesis and cholesterogenesis. The increase in lipid biosynthesis is essential for 

cell proliferation, membrane formation and signal transduction ( Etinger, 2004). In prostate 

cancer, a metabolic profile characterized by an increased amino acid metabolism and 

methylation have been reported (Swanson et al 2006; Mohit et al 2012). This increased 

methylation process involves S- adenosylmethionine (SAM) dependent methyl transferase 

(GNMT) which catalyzes the transfer of a methyl group from SAM to amino acid group of 

glycine producing sarcosine ( N- methyl glycine) and S-adosinyl homocystein (SAH). Amjad et 

al (2011) reported that GNMT which produce sarcosine plays a functional role in prostate cancer 
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progression hence they stated that GNMT protein levels are strongly associated with 

aggressiveness. They also demonstrated that stable knockdown of the enzyme GNMT inhibits 

cell proliferation, induces apoptosis and attenuates cell invasion. The studies of Khan et al (2013) 

was in agreement with above findings, they also reported that the expression of sarcosine 

biosynthesis enzyme, glycine N-methyltransferase was elevated in prostate cancer, while 

sarcosine dehydrogenase (SARDH) and pipecolic acid oxidase (PIPOX) which metabolize 

sarcosine to glycine were reduced in prostate cancer. Consistent with this GNMT promotes the 

oncogenic potential of the prostate cells by facilitating sarcosine production while SARDH and 

PIPOX reduce the oncogenic potential of the prostate cells by metabolizing sarcosine. The 

sarcosine pathway has also been shown to be regulated by androgen receptor and gene fusion 

(TMPRSS2-ETS) in Pca cell lines (Sreekumar, 2009).  

 Biomarkers signifying the presence of any cancer may be defined on the basis of gene products 

uniquely expressed or overexpressed in tissues, serum or urine in cancer compared to non-

cancer. A number of genes are involved in the early embryonic development and are 

subsequently re-expressed in cancer. This study assessed engrail 2 gene protein also known as 

homeobox protein. The mean levels of this protein in serum were higher in prostate cancer but 

the increase was not statistically significant. However many studies have reported significantly 

increased levels of engrail 2 gene proteins in urine of prostate cancer patients. (Morgan et al, 

2011, Brimelow, 2011). The result of this study suggests that the use of this biomarker in 

diagnosis should be evaluated further.  

There was a significant decrease in the mean levels of vitamin E in prostate cancer patients. This 

finding is in agreement with that of Ozman (2006) who also reported significantly lower levels 
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of vitamin E in prostate cancer patients. However, there was no significant difference in the 

mean value of vitamin E between the BPH and the controls.  Meanwhile the Selenium and 

Vitamin E Cancer Prevention Trial (SELECT) (Klein et al 2011) study did not establish any 

significant difference in the mean value of vitamin E between the cancer patients and controls.  

Another by study Venkalowaran (2002) argued that SELET was not able to establish significant 

difference because SELECT did not use the d-gamma tocopherol which is the natural form of 

vitamin E. Vitamin E is a well-known antioxidant promoted as a preventive agent for several 

health problems. It has been the subject of many studies for the prevention and amelioration of 

prostate disorders and in combination with selenium is probably the most valuable vitamin for 

prostate health. Considerable evidence exists for a synergistic relationship between vitamin E 

and selenium. Studies have shown that vitamin E and selenium are protective against both 

prostate and breast disorders. This synergistic relationship is particularly strong in regard to 

switching on the full effects of the body‘s apoptotic mechanisms (natural cell death) machinery 

against cancerous growths. Vitamin E in particular generally inhibits cell proliferation and 

enhances apoptosis in both breast and prostate cancer cells (Zu, 2003).  This alteration of growth 

and natural cell death of dividing cells by vitamin E and selenium is significantly more effective 

in breast and prostate cancers (Gunawardena, 2000). The mean value of selenium was also found 

to be significantly lower in cancer patient than controls. Selenium is an important dietary trace 

element and also an antioxidant. It has been found that selenium increase immunity in a way that 

is protective against both breast and prostate disorders. It seems selenium offers a mediating 

effect by actually killing cancer cells at different stages (Jiang 2002), thus selenium appears to 

target both non clinical and clinical diseases. Selenium mediates cancer cell development by 
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preventing the cells from developing and by causing developing cancer cells to self-destruct (Li, 

2004 ). 

Vitamin D was also found to be significantly lower in patients with prostate cancer and BPH 

than controls. Researches have shown that vitamin D may work to help slow prostate cancer 

progression by increasing the death of cancerous cells. Studies (Tretli et al 2009) have also 

shown that men with the lowest levels of vitamin D had almost double the chance of dying from 

prostate cancer or having it spread to other body parts, compared to men with the highest levels 

of vitamin D. Cells in the prostate are able to take the inactive form of vitamin D and activate it. 

Some of the cancerous cells in the prostate lose this ability, but they still have receptors for 

vitamin D, which could mean that supplementation may help to slow the growth of cancerous 

cells. These Vitamin D receptors in prostate tissue when bound to vitamin D, a signal is 

generated which may cause the cancerous cells to die, stop growing or stop spreading to other 

parts of the body. The anti-proliferative effect of vitamin D in prostate cells is mediated through 

the vitamin D receptors (VDR), which is a member of the steroid/nuclear receptor super family. 

In target cells, VDR binds vitamin D with high affinity and specifically interacts with retinoid X 

receptor (RXR). This heterodimeric complex contains two characteristic zincfinger motifs that 

binds to specific DNA sequence motif called vitamin D response element (VDRE) in the 

promoter region of vitamin D regulated genes and they regulate the rate of RNA polymerase II 

mediated transcription of these genes which then regulate the anti-proliferative effect (Freedman, 

1999) .   Studies have reported also that more aggressive and advanced tumors are linked to 

lower levels of vitamin D (Der et al, 2014). Studies of cancer cells  and tumor in mice have 

reported the effect of vitamin D which slows or prevents the development of cancer, including 

promoting cellular differentiation, decreasing cancer cell growth, stimulating cell death 
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(apoptosis) and reducing tumor blood vessel formation (angiogenesis) ( Moore et al, 2005, Deeb 

et al, 2007). Data from this study showed that there were no significant difference in the value of 

vitamin C in the patient with prostate cancer, BPH and controls. The result of vitamin C in other 

studies seems inconclusive.   

This study also demonstrated significantly lower levels of zinc in prostate cancer patients than 

controls. Zinc is an essential trace element that plays an important role in many body processes. 

Prostate glands containing cancer generally have lower levels of zinc (Goel & Sankhwar, 2006) 

than healthy gland. There are many processes in the body involved in the repair of DNA that 

require zinc to function properly, and since the prostate has the highest concentration of zinc than 

any other organ in the body, it is reasonable to assume that zinc deficiency would affect the 

prostate significantly. This is partially mediated by the action of hormone testosterone.  Feng 

(2000) showed that one effect of zinc accumulation is to inhibit abnormal growth of the prostate, 

primarily by increasing the rate of normal programmed cell death (apoptosis). The prostate gland 

accumulates and secretes extraordinary high levels of citrate. This process is dependent on ample 

supply of zinc in the prostate. In an unhealthy prostate the ability to accumulate both zinc and 

citrate is altered, and hence with prostate cancer the ability to accumulate zinc and produce 

citrate is impaired. Reduced zinc and poor citrates metabolism in prostatic cells is characteristic 

of men with prostate cancer. Studies have shown that zinc exerts both growth and metabolic 

effects on prostate cells and contributes to the development of prostate malignancy by altering 

citrate metabolism (Costello et al, 2004). It has also been reported that zinc inhibits invitro 

cultured human prostate cell lines and rat ventral prostate epithelium cells proliferation by 

inducing mitochondrial apoptogenesis by releasing cytochrome c which then activates 

subsequent caspase mediated apoptotic cascading events leading to apoptosis. The prostate gland 
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comprises of peripheral (70%), the central (about 25%) and transition (5%) zones. In regard to 

zinc relationship and the development of malignancy, the peripheral zone is the major 

component. The central gland normally contains much lower zinc levels than in the peripheral 

zone, therefore, the normal glandular secretory epithelial cells of the peripheral but not central 

gland, are zinc accumulating cells. Zinc transporter, ZIP1 is important in the uptake and 

accumulation of zinc by the prostate cells. Upregulation of ZIP1 in prostate cells increases zinc 

accumulation, which inhibits cell growth and increases net citrate production. 

In this study, the activities of 5-alpha reductase were found to be significantly higher in both 

prostate cancer and BPH patients than controls. The prostate gland depends on androgen 

stimulation for its development and growth. Testosterone which is the most common androgen in 

the prostate gland is converted to dihydrotestosterone (DHT) by this enzyme 5-alpa reductase in 

the prostatic stromal and basal cells. Dihydrotestosterone is primarily responsible for prostate 

development and the pathogenesis of benign prostatic hyperplasia and prostate cancer (Zhou et 

al, 2009). Inhibition of the enzyme 5-alpha reductase reduces the size of the prostate. This 

reduction in glandular tissue is achieved by the induction of apoptosis which is histologically 

manifested by ductal atrophy. Inhibition also diminishes the number of blood vessels in the 

prostate because of the reduction in vascular derived endothelial growth factor. The mechanism 

of androgen action varies in different tissues but in the majority of androgen target tissue either 

testosterone or 5-alpha reductase with DHT binds to a specific androgens receptor to form a 

complex that regulates gene expression (Heinlein and Chang, 2002)   

Total antioxidant capacity was found to be significantly lower in both prostate and BPH than 

controls. The measure of antioxidant capacity considers the combined action of all the 
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antioxidants present in plasma and body fluids, thus providing an integrated parameter rather 

than simple sum of measurable antioxidants. Determining plasma total antioxidant capacity may 

help to identify conditions affecting oxidative status. Reactive oxygen species signaling may 

play an important role in the development and the progression of prostate cancer. Increased 

reactive oxygen species, otherwise known as oxidative stress is associated with several 

pathological conditions including inflammation and infection. Reactive oxygen species are 

products of normal cellular metabolism which play vital roles in stimulation of signaling 

pathways in response to changing intra and extracellular environmental conditions. Elevated 

levels of cellular reactive oxygen species significantly contribute to the initiation and progress of 

cancer and the degree of ROS generation correlates with aggressive phenotype of the cancer. 

Chronic elevation of ROS over time is known to induce somatic mutations and neoplastic 

transformation. Hydroxyl radicals, peroxides and superoxide are ROS that are generated during 

every day metabolic process in normal cell. Reactive oxygen species generation has also been 

traditionally associated with tissue injury or DNA damage which are general manifestation of 

pathological conditions associated with infection and DNA mutations and cellular proliferation 

(Naka et al, 2008). Processes associated with proliferation and apoptosis may be a result of the 

activation of signaling pathways in response to intracellular changes in ROS levels (Sauer et al, 

2001). Excessive production of ROS or inadequacy in a normal cell‘s antioxidants defense 

system can cause the cell to experience oxidative stress and thus when antioxidant defenses are 

weakend, body cells and tissues becomes more prone to develop dysfunctions. Thus the adequate 

maintenance of antioxidant levels is essential to prevent or even manage a great number of 

disease conditions. The potential role of ROS in the regulation of cellular process controlling 

malignant transformation holds a lot of promise in understanding the etiology and progression of 
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cancer in general and prostate cancer in particular, as this may open doors for the development of 

therapies for cancer prevention and treatment. In the case of the prostate, besides acting as a 

DNA damaging agent, moderately elevated levels of ROS may act as secondary messengers and 

can control various signaling pathways which are essential for the maintenance of oncogenic 

phenotype by virtue of activating many transcription factors in prostate cancer.  

The activity of super oxide dismutase was found to be significantly lower in prostate cancer 

compared with BPH and controls. At the same time there was no significant difference in this 

enzyme between BPH and controls. Super oxide dismutase acts as both an antioxidant and anti- 

inflammatory enzyme in the body (Vouldoukis et al, 2004) neutralizing the free radicals that lead 

to wrinkles and precancerous cell changes. This enzyme breaks down superoxide particles into 

harmless substances, a process called dismutation. 

Magnesium was found to be significantly lower in patients with prostate cancer than controls. 

There was no significant difference between prostate cancer and BPH. This finding is in 

agreement with Dai et al (2011) who also reported significant lower levels of magnesium in 

patients with prostate cancer. Magnesium plays an essential role in deoxyribonucleic acid repair, 

cell differentiation, apoptosis and angiogenesis (Iseri and French, 1984). Deficiency of 

magnesium has been linked to inflammatory response and oxidative stress (Weglicki and 

Phillips, 1992). Given the broad range of biological functions dependent on magnesium, it is 

highly plausible that magnesium deficiency may affect multiple pathways towards tumorgenesis. 

Examining the biomarker of interest based on the grouping of the patients with prostate cancer, it 

was only sarcosine that showed statistically significant difference in those patients with 
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metastasis. Aditionally the mean value of sarcosine and total antioxidant capacity were slightly 

increased in those patients with high grade of ≥4 but the increase was not statistically significant. 

Furthermore, the calculation of sensitivity and specificity using Bradley (2005) formula showed 

that sarcosine exhibited higher sensitivity and specificity than all other parameters. Superoxide 

dismutase and 5-alpha reductase had moderately high sensitivity and specicifity, while total 

specific antigen exhibited low sensitivity and specificity in this study. This is in aggreement with 

the statement of problem of this study that PSA exhibits low specificity among other key 

limitations.    

 5.1 Conclusion 

The ultimate goal in clinical practice is to avoid unnecessary biopsy, to improve patient care in 

terms of prostate cancer burden, assessment and diagnosis at early stage, reducing invasive 

diagnostic procedures as well as helping to evaluate treatment response. This study has shown 

that sarcosine level was significantly higher in prostate cancer than in the patients with BPH and 

controls. Additionally the mean value of sarcosine in patients with BPH was not statistically 

different from the controls. This finding suggests that sarcosine has some degree of specificity 

for prostate cancer which is an advantage over prostate specific antigen. In addition, the level of 

sarcosine was significantly higher in those patients with metastasis than in those with no 

metastasis. This finding appears to show that sarcosine is a potential biomarker (useful for 

diagnosis and prognosis) for prostate cancer. This study also showed that 5-alpha reductase and 

creatinine were significantly higher in both BPH and prostate cancer than the control. Total 

antioxidant capacity, superoxide dismutase, selenium, zinc, magnesium, vitamin E and D were 

all significantly lower in patients with prostate cancer than controls. 
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5.2 Recommendations. 

1. This study showed significant increase in the level of sarcosine, and also sarcosine exhibited 

high sensitivity and specificity, it is therefore recommended that sarcosine be part of the 

routine test of the patients with prostate disorders. 

2. This study have demonstrated that some antioxidant vitamin and minerals were significantly 

decreased in prostate disorders such as benigh prostate hyperplasia and prostrate cancer, 

therefore supplementation of these antioxidant vitamin and minerals could help the pateints. 

3. Other potential markers such as pro- PSA and HOXB13 gen should be further investigated 

for the diagnosis of prostate cancer. 

 

 

 

 

 

 

                                                      

 

 

 

 



 

 

177 

REFERENCES 

Abarca A, Canfranc E, Sierra I, Marina ML (2001). A validated flame AAS method for  

determining magnesium in a multivitamin pharmaceutical preparation. Journal of 

Pharmaceutical and Biomedical Analysis. 25(5-6):941-945. 

 

Abrams P. (1994).  In support of pressure-flow studies for evaluating men with lower urinary 

symptoms. Urolology 44:153–155. 

 

Adamson E, De Belle I, Miittal S, Wang Y, Hayakawa J, Korkmaz K, O‘Hagan D, MccCleland 

M, Mercola D. (2003). Egr 1 signaling in prostate cancer. Cancer biology 2(6): 617-622. 

 

Agalliu I, Karlins E, Kwon EM. (2007). Rare germline mutations in the BRCA2 gene are 

associated with early-onset prostate cancer. British Journal of Cancer 97 (6): 826-831. 

 

Aggarwal BB, Shishodia S (2006). Molecular targets of dietary agents for prevention and 

therapy of cancer. Biochemistry Pharmacology 71 (10): 1397–1421 

 

Albertsen PC, Moore DF, Shih W. (2011). Impact of co-morbidity on survival among men with 

localized prostate cancer. Journal of Clinical Oncology 29(10):1335-1341. 

 

Alden P,  Edin B, Mustafa H. (2016). Actual Contribution of Free to Total PSA Ratio in Prostate  

Diseases Differentiation. Medical Archives. 70(4): 288–292.  

 

Allen NE, Appleby PN, Roddam AW, Tjonneland A, Johnsen NF, Overvad K, (2008). Plasma 

selenium concentration and prostate cancer risk: results from the European Prospective 

Investigation into Cancer and Nutrition (EPIC). American Journal of Clinical Nutrition 

88:1567-1575.  

 

Allsbrook WC, Johnson MH. (2001). Interobserver reproducibility of Gleason grading of 

prostatic carcinoma: general pathologist. Human Pathology 32(1): 81–88.  

 

Alon, T, Amirav, A. (2006). Isotope Abundance Analysis Method and Software for Improved  

Sample Identification with the Supersonic GC-MS. Rapid Communications in Mass 

Spectrometry. 20 (17): 2579–2588. 

 

Alonso-Aperte E, Ubeda N, Achon M, Perez-Miguelsanz J, Varela-Moreiras G.(1999). Impaired 

methionine synthesis and hypomethylation in rats exposed to valproate during gestation. 

Neurology 52:750–756.  

 

Altekruse SF, Kosary CL, Krapcho M. (2010). SEER Cancer Statistics Review, 1975-2007. 

Bethesda, Md: National Cancer Institute, 2010. http://seer.cancer.gov/statistics/scp.html. 

Last accessed October 3, 2014.  

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Abarca%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11377077
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canfranc%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11377077
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sierra%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11377077
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marina%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=11377077
https://www.ncbi.nlm.nih.gov/pubmed/11377077
https://www.ncbi.nlm.nih.gov/pubmed/11377077
https://www.ncbi.nlm.nih.gov/pubmed/11377077
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prcic%20A%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Begic%20E%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hiros%20M%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5034994/


 

 

178 

American Cancer Society (2014): Cancer Facts and Figures 2014. Atlanta, Ga: American 

Cancer Society, http://www.cancer.org/acs/groupcontent/@research documents/webconte

nt/acspc-042151pdf. Last accessed May 21, 2014.  

 

Amjad PK, Thekkelenayeke MR, Bushra A, Irfan A, Anastasia KY, Rohit M, Arun Sreekumar, 

Arul MC. (2011). In Proceedings of the 102
nd

 Annual meeting of the American 

Association for cancer Research: Orlando, FL philadelphia. Cancer Research 71: 1538-

1548. 

 

Andriole GL, Christensen TL. (2009). Benign Prostate Hyperplasia. Current Treatment 

Strategies. Consultant 49 (2): 30-35. 

 

Andriole G., Bruchovsky N., Chung L., Matsumoto A., Rittmaster R., Roehrborn C. (2004)  

Dihydrotestosterone and the prostate: the scientific rationale for 5alpha-reductase 

inhibitors in the treatment of benign prostatic hyperplasia. Journal of Urolology 172: 

1399–1403. 

 

Aruoma OI. (1994) Nutrition and health aspects of free radicals and antioxidants. Food Chem  

Toxicol. 32:671–683. 

 

Aumuller G. (1979). Prostate gland and serminal vesicles. Berlin-Heidelberg. Springer-veriag. 

P. 21-22. 

 

Aviram M (2000). Review of human studies on oxidative damage and antioxidant protection 

related to cardiovascular diseases . Free Radical Research 33:85–97.  

 

Azoulay A, Garzon P, Eisenberg MJ. (2001) Comparison of the mineral content of tap water and 

bottled waters. Journal of General Internal Medicine 16:168-175. 

 

Babaian RJ, Miyashita H, Evans RB, Ramirez EI.(1992) The distribution of prostate specific  

antigen in men without clinical or pathological evidence of prostate cancer: relationship 

to gland volume and age. Journal of Urology.147:837–840. 

 

Bailey RL, Gahche JJ, Lentino CV, Dwyer JT, Engel JS, Thomas PR, (2011). Dietary 

supplement use in the United States, 2003-2006. Journalof Nutrition 141:261-266. 

 

Baillie JK, Thompson AAR, Irving JB, Bates MGD, Sutherland AI, MacNee W, Maxwell SRJ, 

Webb DJ. (2009). Oral antioxidant supplementation does not prevent acute mountain 

sickness: double blind, randomized placebo-controlled trial. Journal of medicine 102 (5): 

341–348. 

 

Bar-joseph I, Pras E, Reznik-Wolf H, Marek-Yagel D, Abu-Horvitz A, Dushnitzky M, Goldstein 

N, Rienstein S, Dekel M, Pode-Shakked B, (2012). Mutations in the sarcosine 

dehydrogenase gene in patients with sarcosinemia. Human genetics 131:1805–1810.  

 

http://www.cancer.org/acs/groupcontent/@research


 

 

179 

Barnes S. (2001).  Role of phytochemicals in prevention and treatment of prostate cancer. 

Epidemiological Review 23 (1): 102-105.   

 

Barry MJ(2001). Clinical practice. Prostate-specific-antigen testing for early diagnosis of 

prostate cancer. New England Journal of Medicine 344(18):1373-1377. 

 

Barry MJ, Cockett AT, Holtgrewe HL. (1993). Relationship of symptoms of prostatism to 

commonly used physiological and anatomical measures of the severity of benign 

prostatic hyperplasia. Journal of Urology 150:351–358. 

 

Bartsch G, Muller HR, Oberholzer M, (1979).  Light microscopic stereological analysis of the 

normal human prostate and of benign prostatic hyperplasia. Journal of Urolology 

122:487–491. 

 

Baum MK, Shor-posner G, Campa A. (2000). Zinc status in human immunonideficiency virus 

infection. Journal of Nutrition. 130 (5) 1421-1423 

 

Benson MC, Whang IS, Pantuck A, Ring K, Kaplan SA, Olsson CA. (1992).  Prostate specific  

antigen density: a means of distinguishing benign prostatic hypertrophy and prostate 

cancer. Journal of Urolology. 147(3 Pt 2):815–816. 

 

Benzie I. (2003). Evolution of dietary antioxidants. Comparative Biochemistry and Physiology 

136 (1): 113–126. 

 

Berg JM,  Shi Y. (1996). The Galvanization Of Biology: A Growing Appreciation For The Roles 

Of Zinc. Science 271:1081-1085. 

 

Bergeron F., Otto A., Blache P., Day R., Denoroy L., Brandsch R., Bataille D. (1998) Molecular 

cloning and tissue distribution of rat sarcosine dehydrogenase. European Journal of 

Biochemistry 257:556–561.  

 

Bernal-Delgado E, Latour-Pérez J, Pradas-Arnal F. (1998) The association between vasectomy 

and prostate cancer: a systematic review of the literature. Fertilility and Sterility 70 (2): 

191-200. 

   

Berry SJ, Coffey DS, Walsh PC, Ewing LL. (1984) The development of human prostatic 

hyperplasia with age. Journal of Urology 132:474–479. 

 

Bickers B, Aukim-Hastie C (2009). New molecular biomarkers for the prognosis and 

management of prostate cancer—the post PSA era. Anticancer Research 29 (2): 3289-

3298. 

 

Bill-Axelson, A. Holmberg, L, Ruutu, M., Haggman, M., Andersson, SO, Bratell, S. (2005)  

Radical prostatectomy versus watchful waiting in early prostate cancer. New England 

Journal of Medicine, 352: 1977. 

 



 

 

180 

Bjelakovic G; Nikolova, D; Gluud, LL; Simonetti, RG; Gluud, C (2007). Mortality in 

randomized trials of antioxidant supplements for primary and secondary prevention: 

systematic review and meta-analysis. Journal of American Medical Association 297 (8): 

842–857.  

 

Bolland MJ, Grey A, Gamble GD, Reid IR (2014). "The effect of vitamin D supplementation on 

skeletal, vascular, or cancer outcomes: a trial sequential meta-analysis". Lancet Diabetes 

Endocrinology 10: 24-28. 

 

Bolla, M., Collette, L. Blank, L, Warde P, Dubois, JB, Mirimanoff, RO. (2002). Long- term  

results with immediate androgen suppression and external irradiation in patients with 

locally advanced prostate cancer.  Lancet, 360: 103-105. 

 

Borovansky, J. (1994). Zinc In Pigmented Cells And Structures, Interactions And Possible Roles. 

Sbornik Lekassky. 95 (4): Pp 309-320. 

 

 Boyle P, Gould AL, Roehrborn CG. (1996). Prostate volume predicts outcome of treatment of 

benign prostatic hyperplasia with finasteride: meta-analysis of randomized clinical trials. 

Urology 48:398–405. 

 

Bradley V. (2005). Research resource for biomedical scientists. The Biomedical Scientists :697-

699 

 

Brewer, G.J. (2001). Zinc acetate for the treatment of Wilson‘s disease. Expert Opin Pharmother 

2 (9):1473-1477. 

 

Brimelow A. (2011). Prostate cancer test is twice as good say researchers. BBC news. 

http://www.bbc.co.uk/news/health-12610972. retrieved 2
nd

 Nov 2011. 

 

Brinkman M, Reulen RC, Kellen E, Buntinx F, Zeegers MP. (2006). Are men with low selenium 

levels at increased risk of prostate cancer? European Journal of Cancer 42:2463-2471. 

 

Brown, M. A., Thom, J.V., Orth, G. L., cova, P. & Juarez. J. (1964). Food poisoning involving 

zinc contamination. Archives of Environmental health  8: 657-660.  

 

Brunet  I, Weinl  C, Piper  M, Trembleau  A, Volovitch  M,  Harris W, Prochiantz A, Holt C. 

(2005).The transcription factor Engrailed-2 guides retinal axons. Nature 438: 94-98,  

 

Bruno RS, Ramakrishnan R, Montine TJ, (2005). Alpha-tocopherol disappearance is faster in 

cigarette smokers and is inversely related to their ascorbic acid levels. American Journal 

of Clinical Nutrition 81:95-103.  

 

Buettner GR. (1993). The pecking order of free radicals and antioxidants: lipid peroxidation,  

alpha-tocopherol, and ascorbate. Archives of Biochemistry and Biophysics. 300:535–543. 

 

https://www.ncbi.nlm.nih.gov/pubmed/24703049
http://www.bbc.co.uk/news/health-12610972.%20retrieved%202nd%20Nov%202011


 

 

181 

Bunker CH, Patrick AL, Konety BR, et al. (2002): High prevalence of screening-detected 

prostate cancer among Afro-Caribbeans: the Tobago Prostate Cancer Survey. Cancer 

Epidemiolology Biomarkers Preview 11 (8): 726-739, 

  

Burk RF, Norsworthy BK, Hill KE, Motley AK, Byrne DW (2006). Effects of chemical form of 

selenium on plasma biomarkers in a high-dose human supplementation trial. Cancer 

Epidemiology Biomarkers Preview15:804-810. 

 

Burton C, Gamagedara S, Ma YF. (2012).  A novel enzymatic technique for determination of 

sarcosine in urine samples. Annals of Methods 4:141–146. 

 

Byers T. (2010). Anticancer vitamins du Jour--The ABCED's so far. American. Journal of. 

Epidemiolog. 172 (1): 1–3. 

 

Calvo MS, Whiting SJ, Barton CN. (2004). Vitamin D fortification in the United States and  

Canada: current status and data needs.  American Journal of Clinical Nutrition ;80:1710-

1716. 

 

Carl AB, Edward RS, David EB. (2006). Tietz text book on clinical chemistry and molecular 

diagnostic. Elsevier Saunders publication 4
th

 edition. P 832. 

 

Carr A, Frei B (1999). Does vitamin C act as a pro-oxidant under physiological conditions?. 

FASEB Journal 13 (9): 1007–1024. 

 

Carter BS, Beaty TH, Steinberg GD. (1992) Mendelian inheritance of familial prostate cancer. 

Proceeding of National Academy of  Sciences 89 (8): 3367-3371.   

 

Carter GD (2009). 25-hydroxyvitamin D assays: the quest for accuracy. Clinical Chemistry 

55:1300-1302. 

 

Cary KC, Cooperberg MR. (2013). Biomarkers in prostate cancer surveillance and screening:  

past, present, and future. Therapuetics Advances in Urology. 5:318–329. 

 

Catalona (1995). Evaluation of percentage of free serum prostate specific antigen to improve  

specificity of prostate cancer screening. Journal of American Medical Association. 274: 

1214. 

 

Catalona WJ, Partin AW, Slawin KM, Brawer MK, Flanigan RC, Patel A. (1998) Use of the  

percentage of free prostate-specific antigen to enhance differentiation of prostate cancer 

from benign prostatic disease: a prospective multicenter clinical trial. Journal of the 

American Medical Association. 279:1542–1547.  

 

Catalona WJ, Richie JP, Ahmann FR, Hudson MA, Scardino PT, Flanigan RC (1994).  

Comparison of digital rectal examination and serum prostate specific antigen in the early 

detection of prostate cancer: results of a multicenter clinical trial of 6,630 men. Journal of 

Urology. 151:1283–1290. 

http://www.fasebj.org/cgi/content/full/13/9/1007


 

 

182 

Catalona WJ, Richie JP, deKernion JB, Ahmann FR, Ratliff TL, Dalkin BL. (1994).   

Comparison of prostate specific antigen concentration versus prostate specific antigen 

density in the early detection of prostate cancer: receiver operating characteristic curves. 

Journal of Urology. 152(6 Pt 1):2031–2036. 

 

Cerhan JR, Parker AS, Putnam SD. (1999). Family history and prostate cancer risk in a 

population-based cohort of Iowa men. Cancer Epidemiology Biomarkers Preview 8 (1): 

53-60. 

 

Chan JM, Giovannucci EL. (2001). Vegetables, fruits, associated micronutrients, and risk of 

prostate cancer. Epidemiology Review. 23 (1): 82-86.  

 

Chaudiere, J; Ferrari-Iliou, R (1999).Intracellular Antioxidants: From Chemical to Biochemical 

Mechanisms. Food and Chemical Toxicology. 37 (9–10): 949–962. 

 

Chiong, E., Wong, A.F., Chan, Y.h. and Chin, C.M. (2005). Review of clinical manifestations of 

biochemically-advanced prostate cancer cases. Asian Journal of Surgery 28(3): 202-206.               

                                  

Christen Y (2000). Oxidative stress and Alzheimer disease. American Journal of Clinical 

Nutrition 71 (2): 621–629. 

 

Christopher D, William B. Mac L,  Nancy FK, Jamie LW,  Wafaie WF, Zul GP,  Victor M,   

Jonathon LS, Kojo Y, Davidson HH. (2005) Plasma Zinc Concentrations Are Depressed 

during the Acute Phase Response in Children with Falciparum Malaria. Journal of 

Nutrition. 135 (4) 802-807 

 

Chun OK, Floegel A, Chung SJ, Chung CE, Song WO, Koo SI. (2010) Estimation of antioxidant 

intakes from diet and supplements in U.S. adults. Journal of Nutrition 140:317-324.  

 

Chung M, Lee J, Terasawa T, Lau J, Trikalinos TA. (2011). Vitamin D with or without calcium 

supplementation for prevention of cancer and fractures: an updated meta-analysis for the 

U.S. Preventive Services Task Force.  Annals of internal medicine 155 (12): 827–838.  

 

Coleman JE. (1992). Zinc Proteins: Enzymes, Storage Proteins, Transcription Factors, And 

Replication Proteins. Annual Review of  Biochemistry  61: 897-946. 

 

Cookson M, Shaw P (1999). Oxidative stress and motor neurone disease. Brain Pathology 9 (1): 

165–186. 

 

Coresh J, Wei GL, McQuillan G. (2001). Prevalence of high bloodpressure elevated serum 

creatinine level in the United States: findings from the third NationalHealth Nutrition 

Examination Survey (1988–1994).  Archives of Internal Medicine 161(9):1207–1216. 

 

Costello L., (2004). Zinc Supplement, Use and Risk of Prostate Cancer. Journal of the National 

Cancer Institute 96: (3): 239-245. 

http://www.ajcn.org/cgi/content/full/71/2/621s
http://jn.nutrition.org/search?author1=Christopher+Duggan&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=William+B.+MacLeod&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Nancy+F.+Krebs&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Jamie+L.+Westcott&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Wafaie+W.+Fawzi&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Zul+G.+Premji&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Victor+Mwanakasale&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Jonathon+L.+Simon&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Kojo+Yeboah-Antwi&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Davidson+H.+Hamer&sortspec=date&submit=Submit


 

 

183 

Costello LC, Feng P, Milon B, Tan M, Franklin RB. (2004). Role of zinc in the pathogenesis and 

treatment of prostate cancer: critical issues to resolve. Prostate Cancer and Prostatic 

Diseases 7: 111–117. 

 

Cousins, RJ. & Mcmahon, R.J (2000), Integrative Aspects of Zinc Transpoters. Journal of 

Nutrition 130 (5):  1384-1387.  

 

Crawford ED, Tombal B, Miller K. (2011). A phase III extension trial with a one-arm crossover 

from leuprolide to degarelix: comparison of gonadotropin-releasing hormone agonist and 

antagonist effect on prostate cancer. Journal of Urology 186(3):889-897. 

 

Dahl M, Bouchelouche P, Kramer-Marek G, Capala J, Nordling J, Bouchelouche K.(2011) 

Sarcosine induces increase in HER2/neu expression in androgen-dependent prostate 

cancer cells. Molecular Biology and Reproduction 38:4237–4243.  

 

Dai Q, Motley SS, Smith JA Jr, Concepcion R, Barocas D, Byerly S, Fowke JH. (2011). Blood 

magnesium, and the interaction with calcium, on the risk of high-grade prostate cancer. 

PLoS One 6(4):18237-18245 

 

Damber L, Grönberg H, Damber JE (1998): Familial prostate cancer and possible associated 

malignancies: nation-wide register cohort study in Sweden. International Journal of 

Cancer 78 (3): 293-297. 

 

Davì G, Falco A, Patrono C (2005). Lipid peroxidation in diabetes mellitus.  Antioxidant Redox 

Signal 7 (2): 256–268. 

 

Davies KJ. (1995). Oxidative stress: The paradox of aerobic life. Biochemical Society Symposia 

61: 1–31. 

 

DebRoy S, Kramarenko II, Ghose S, Oleinik NV, Krupenko SA, Krupenko NI (2013). A novel  

tumor suppressor function of glycine N-methyltransferase is independent of its catalytic 

activity but requires nuclear localization. PLoS One. 30;8(7):e70062.  

 

Deeb KK, Trump DL, Johnson CS. (2007) Vitamin D signalling pathways in cancer: potential 

for anticancer therapeutics. Nature Reviews of Cancer 7(9):684-700. 

 

Demmig-Adams B, Adams WW,  (2002). Antioxidants in Photosynthesis and Human Nutrition. 

Science 298 : 2149–2153. 

 

Der T, Bailey BA, Youssef D, Manning T, Grant WB, Peiris AN. (2014).  Vitamin D and 

Prostate Cancer Survival in Veterans. Military Medicine 179:81-85. 

 

Desmond, A.D., Arnold, A.J. and Hastie, K.J. (1988). Subcapsular orchiectomy under local 

anaesthesia. Technique, results and implications. British Journal of Urology 61(2):143-

145. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Dai%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21541018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Motley%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=21541018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20JA%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=21541018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Concepcion%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21541018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barocas%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21541018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Byerly%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21541018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fowke%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21541018
https://www.ncbi.nlm.nih.gov/pubmed/?term=DebRoy%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23936142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kramarenko%20II%5BAuthor%5D&cauthor=true&cauthor_uid=23936142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghose%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23936142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oleinik%20NV%5BAuthor%5D&cauthor=true&cauthor_uid=23936142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krupenko%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=23936142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krupenko%20NI%5BAuthor%5D&cauthor=true&cauthor_uid=23936142
https://www.ncbi.nlm.nih.gov/pubmed/23936142


 

 

184 

Dolfini D., Minuzzo M., Pavesi G., Mantovani R. (2012).The short isoform of NF-YA belongs to  

the embryonic stem cell transcription factor circuitry. Stem Cells. 30:2450–2459. 

 

Dietrich M, Traber MG, Jacques PF, Cross CE, Hu Y, Block G. (2006) Does γ-tocopherol play a 

role in the primary prevention of heart disease and cancer? A review. American Journal 

of Nutrition 25:292-299 

 

Droz JP, Balducci L, Bolla M. (2010). Background for the proposal of SIOG guidelines for the 

management of prostate cancer in senior adults. Critical Reviews in Oncology/ 

Hematology 73(1):68-91. 

 

Duarte TL, Lunec J (2005). Review: When is an antioxidant not an antioxidant? A review of 

novel actions and reactions of vitamin C. Free Radical. Researc. 39 (7): 671–686. 

 

Duffield-Lillico AJ, Dalkin BL, Reid ME, Turnbull BW, Slate EH, Jacobs ET, (2003). Selenium 

supplementation, baseline plasma selenium status and incidence of prostate cancer: an 

analysis of the complete treatment period of the Nutritional Prevention of Cancer Trial. 

British Journal of Urology 91:608-612. 

 

Edwards SM, Kote-Jarai Z, Meitz J. (2003). Two percent of men with early-onset prostate cancer  

harbor germline mutations in the BRCA2 gene. American  Journal of human Genetics 72 

(1): 1-12. 

 

Egevad, L. (2001). Reproducibility of Gleason grading of prostate cancer can be improved by the 

use of reference images. Urology 57(2): 291–295.  

  

Ejike CECC, (2006). Prostate disorders in Nsukka in  relation to some biochemical parameters. 

M.Sc Dessertation, Department of Biochemistry, University of Nigeria. Nsukka. 

 

Elin RJ. Assessment of magnesium status for diagnosis and therapy (2010). Magnesium  

Research ;23:1-5 

 

Elshorbagy AK, Oulhaj A, Konstantinova S. (2007) Plasma creatinine as a determinant of 

plasma total homocysteine concentrations in the Hordaland Homocysteine Study: use of 

statistical modeling to determine reference limits. Clinical Biochemistry 40:1209–1218. 

  

Epstein JI, Alhbrook, WCJ, Amin MB. (2005). The 2005 International Society of Urological 

Pathology (ISUP) consensus conference on Gleason grading of prostatic carcinoma. 

American Journal of Surgical Pathology 29(9): 1228–1242. 

 

Epstein MM, Kasperzyk JL, Andren O, Giovannucci EL, Wolk A, Hakansson N, Andersson  SO, 

Johansson JE, Fall K,  Mucci, LA. (2011) .  Dietary Zinc And Prostate Cancer Survival 

In A Swedish Cohort. American Journal of Clinical Nutrition 93: 585-593. 

 

 



 

 

185 

Ercole CJ, Lange PH, Mathisen M, Chiou RK, Reddy PK, Vessella RL. (1987). Prostatic specific  

antigen and prostatic acid phosphatase in the monitoring and staging of patients with 

prostatic cancer. Journal of Urology.138:1181–1184. 

 

Eto I, Krumdieck CL. (1986) Role of vitamin B12 and folate deficienciesin carcinogenesis. 

Advanced Experimental Medicine and Biology 206:313–330.  

 

Ettinger SI, Sobel K, Whitmore TG, Akbari M, Bradley DR, Gleave ME, Nelson CC. (2004). 

Dysregulation of sterol response element-binding proteins and downstream effectors in 

prostate cancer during progression to androgen independence. Cancer Research 64 (6) 

2212-2221. 

 

Feldman, D; Krishnan, AV; Swami, S; Giovannucci, E; Feldman, BJ. ( 2014). The role of 

vitamin D in reducing cancer risk and progression.. Nature reviews. Cancer 14 (5): 342–

357.  

 

Feldman BJ, Feldman D. (2001).The development of androgen-independent prostate cancer.   

Nature Reviews. Cancer. 1:34-45 

 

Feldman D. (1997). Androgen and vitamin D receptor gene polymorphisms: the long and short  

of prostate cancer risk. Journal of National Cancer Institute.89:109–111. 

 

Feldman, D; Krishnan, AV; Swami, S; Giovannucci, E; Feldman, BJ (2014). The role of vitamin  

D in reducing cancer risk and progression.. Nature reviews. Cancer 14 (5): 342–357. 

 

 Feng P. (2000). Zinc induces mitochondria apoptogenesis in prostate cells.  Molecular Urology  

4 (1) :31-36. 

 

Fine KD, Santa Ana CA, Porter JL, Fordtran JS (1991). Intestinal absorption of magnesium from 

food and supplements. Journal of Clinical Investigation 88:396-402 

 

Finkel T, Holbrook, NJ. (2000). Oxidants, oxidative stress and the biology of ageing. Nature 408 

: 239–247 

 

Finkelstein JD, Martin JJ, Harris BJ, Kyle WE. (1983). Regulation of hepatic betaine-

homocysteine methyltransferase by dietary betaine. Journal of Nutrition 113:519–521.  

 

Fischer Walker, C. & Black, R. E (2004). Zinc and the risk for infectious disease. Annual Review 

of Nutrition 24: 255-256. 

 

Flam F, (2006). The Seattle Times: Health. women have a prostate?.  

          Seattltimes.nwsource.com.http//seattletimes.nwsource.com/html/health. Retrieved 2010-

03-10. 

 

 

 



 

 

186 

Food and nutrition Board institute of Medicine. National Academies. (2010a). Dietary Reference  

intakes (DRIs). Tolerable Upper intake Levels, Elements in United States Department of 

Agriculture, National Agriculture Library, 24-06 2011. Available from 

http://finic.nal.usda.gov. 

 

Food and Nutrition Board institute of medicine. National academies. (2010b). Dietary reference 

intakes. Tolerable upper intake levels, Elements in United States. Department of 

agriculture, national agriculture library. Available in http://fnic.nal.usda.gov assessed on 

24-06-2011. 

 

Fossa SD, Dearnaley DP, Law M, Gad J, Newling DW, Tveter K. (1992). Prognostic factors in 

hormone-resistant progressing cancer of the prostate. Annals of Oncology 3(5):361–366. 

 

Franklin, R.B. & Costello, L. C. (2007). Zinc as an anti-tumor agent in prostse cancer and in 

other cancers. Archives of Biochemistry and Biophysics 463(2): 211-217. 

 

Freedman, L.P. (1999). Multimeric coactivator complexes for steroid/nuclear receptors. Trends 

in Endocrinology and Metabolism. 10: 403–407. 

 

Fuchsjager M, Shukla A, Akin O, Barenta J, Hrika H. (2008).   Prostate cancer imaging. Acta 

Radiology 49 (1):107-120 

 

Gallius S, Foschi R, Negri E, Talamini R, Franceschi S, Montella M, Ramazzotti V, Tavari A, 

Dai Masso L, La Vecchia C. (2007). Dietary zinc and prostate cancer risk: a case study 

from Italy. European Urology 52(4). 1052-1056. 

 

Gann PH, Hennekens CH, Ma J. (1996). Prospective study of sex hormone levels and risk of  

prostate cancer. Journal of the National Cancer Institute. 88:1118-1120. 

 

Gavella M, Lipovac V. (1998). In vitro effect of zinc on oxidative changes in human semen.  

Andrologia. 30(6):317–323. 

 

German, JB (1999). Food processing and lipid oxidation. Advances in Experimental Medicine 

and Biology 459: 23–50.  

 

Ghadirian P, Howe GR, Hislop TG.(1997). Family history of prostate cancer: a multi-center 

case-control study in Canada. International Journal of Cancer 70 (6): 679-681. 

 

Giugliano D, Ceriello A, Paolisso G (1996). Oxidative stress and diabetic vascular 

complications. Diabetes Care 19 (3): 257–267. 

 

Gleason DF. (1966). Classification of prostatic carcinomas. Cancer Chemotherapy Reports 

509(3): 125–128.  

 

Goel T, Sankhwar SN. (2006). Comparative Study Of Zinc Levels In Benign And Malignant 

Lesions Of The Prostate. Scand Journal of Urology and Nephrology 40:108-112. 

http://finic.nal.usda.gov/
http://fnic.nal.usda.gov/


 

 

187 

Gong Z, Agalliu I, Lin DW. (2000) Obesity is associated with increased risks of prostate cancer 

metastasis and death after initial cancer diagnosis in middle-aged men. Cancer 109 (6): 

1192-12202  

 

Gonzalez A, Peters U, Lampe JW, White E. (2009). Zinc Intake From Supplements And Diet 

And Prostate Cancer. Nutrition Cancer 61: 206-215. 

 

Griffin JL, Shockcor. (2004). Metabolic prifiles of cancer cells. National Review of Cancer  4 

(7). 551-561. 

 

Guiseppe L, Margherita F, Angela MV, Cinzia AG, Monica R, Anthonia V, Franco PS, Carlo B, 

Michele B, Pasquele D. (2012). Serum sarcosine increases the accuracy of prostate 

cancer detection in patients with total serum PSA less than 4.0ng/ml. The prostate 10: 1-

10 

 

Gunawardena, K. (2000). Vitamin E and other antioxidants inhibit human prostate cancer cells 

through apoptosis. The Prostate 44 (4):287-301 

 

Gupta E, Garret AR, Richard A and Kim L. (2012). The role of oxidative stress in prostate 

cancer. European Journal of Cancer prevention 21:155-162. 

 

Gur S, Kadowitz PJ, Hellstrom WJ. (2013). Effects of 5 -alpha reductase inhibitors on erectile  

function, sexual desire and ejaculation. Expert Opinion on Drug Safety. 12(1):81-90. 

 

Haas GP, Sakr WA. ( 1997).  Epidemiology of prostate cancer.  Cancer Journal for Clinicians 

47 (5): 273-287.   

 

Haase H, Overbeck S, Rink L. (2008). Zinc supplementation for the treatment or prevention of 

disease: current Status and future perspectives. Experimental Gerontology 43(5) 394-408.  

 

Halliwell, B. (2008). Are polyphenols antioxidants or pro-oxidants? What do we learn from cell 

culture and in vivo studies?  Archives of Biochemistry and Biophysics 476 (2): 107–112. 

 

Halpern EJ. (2006). Contrast-enhanced ultrasound imaging. Acta Radiology 8 (1):29-37. 

 

Heinonen OP, Albanes D, Virtamo J, Taylor PR, Huttunen JK, Hartman AM, Haapakoski J, 

Malila N, Rautalahti M, Ripatti S, Mäenpää H, Teerenhovi L, Koss L, Virolainen M, 

Edwards BK. (1998).Prostate cancer and supplementation with alpha-tocopherol and 

beta-carotene: incidence and mortality in a controlled trial. Journal of National Cancer 

Institute 18(6):440-644. 

 

 Harvey, CJ,  Pilcher,J   Richenberg,J  Patel,U and  Frauscher, F.(2012). Applications of  

transrectal ultrasound in prostate cancer.  British  Journal of Radiolology. 85: 3-17. 

 

Helfand S, Rogina B (2003). Genetics of aging in the fruit fly, Drosophila melanogaster. Annual 

Review of Genetic. 37: 329–348. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gur%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23173718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kadowitz%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=23173718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hellstrom%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=23173718
https://www.ncbi.nlm.nih.gov/pubmed/23173718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harvey%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=22844031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pilcher%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22844031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richenberg%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22844031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20U%5BAuthor%5D&cauthor=true&cauthor_uid=22844031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frauscher%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22844031
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3746408/


 

 

188 

Helzlsouer K, Huang H, Alberg A, Hoffman S, Burke A, Norkus E. & Corristock G. (2000). 

Association between alpha tocopherol, gamma tocopherol, selenium and subsequent 

prostate cancer. Journal of National Cancer Institute 92 (24): 2018-2023.  

 

Hemminki K, Rawal R, Bermejo JL. (2005). Prostate cancer screening, changing age-specific 

incidence trends and implications on familial risk. International Jounal of Cancer 113 

(2): 312-315 

  

Hendrickson WK, Flavin R, Kasperzyk JL, Fiorentino M, Fang F, Lis R. (2011). Vitamin D  

receptor protein expression in tumor tissue and prostate cancer progression. Journal of  

Clinical Oncology. 29:2378–2385. 

 

Henkel R, Bittner J, Weber R, Hüther F, Miska W. (1999).  Relevance of zinc in human sperm  

flagella and its relation to motility. Fertility and Sterility.71(6):1138–1143. 

Hennekens CH. (1994) Antioxidant vitamins and cancer. American Journal of Medicine 3:28-33 

 

Heinlein CA, Chang C.  (2002). The roles of androgen receptors and androgen-binding proteins  

in nongenomic androgen actions. Molecular Endocrinology. 16 (10): 2181–2187. 

 

Herbein G, Varin A, Fulop T. (2006). Nf-Kappab, Ap-1, Zinc-Deficiency And Aging. 

Biogerontology 7 :409-419. 

 

Hickey K, Do KA, Green A. (2001) Smoking and prostate cancer. Epidemiolology Review 23 

(1): 115-125.   

 

Hitchon C, El-Gabalawy H (2004). Oxidation in rheumatoid arthritis.  Arthritis Research   6 (6): 

265–278. 

 

Ho E. (2004). Zinc deficiency, DNA damage and cancer risk. Journal of Nutritional 

Biochemistry 15 (10): 572-578. 

 

Hoffman DR, Haning JA, Cornatzer W. (1981) Effects of a methyl-deficient diet on rat liver 

phosphatidylcholine biosynthesis. Cancer Journal of Biochemistry 59:543–550.  

 

Holick MF (2007). Vitamin D deficiency. New England Journal of Medicin.357:266-281.  

 

Holick MF. (2006)Vitamin D. In: Shils ME, Shike M, Ross AC, Caballero B, Cousins RJ, eds. 

Modern Nutrition in Health and Disease, 10th ed. Philadelphia: Lippincott Williams & 

Wilkins. Pp 58-61 

 

Holick MF. (2002) .Vitamin D: the underappreciated D-lightful hormone that is important for 

skeletal and cellular health. Current Opinion Endocrinology and Diabetes 9:87-98. 

 

Hsing AW and chokkalingm  (2006). Prostate cancer epidemiology. Fron in bios. 11(2): 1388-

1389 http: //www.Harvardprostateknowlegde.org. Retrieved 2011-10-07 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1064874


 

 

189 

Huang, (2003). Prospective study of antioxidant micronutrients in the blood and the risk of 

developing prostate cancer. American Journal of Epidemiology 157(4):335-344. 

 

Ianni M, Porcellini E, Carbone I, Potenzoni M, Pieri AM, Pastizzaro CD, Benecchi L, Licastro F. 

(2013).  Genetic factors regulating inflammation and DNA methylation associated with 

prostate cancer. Prostate Cancer and Prostatic Disorders 16:56–60. 

 

 Imlay, James A. (2003). Pathways Ofoxidativedamage. Annual Review of Microbiology 57: 

395–418. 

 

Institute of Medicine, Food and Nutrition Board. Dietary Reference Intakes (2000). Vitamin C, 

Vitamin E, Selenium, and Carotenoids. National Academy Press, Washington, DC, Pp 2-

5. 

 

International Agency for Research on Cancer Working Group on ultraviolet (UV) light and skin 

cancer. (2006). The association of use of sunbeds with cutaneous malignant melanoma 

and other skin cancers: a systematic review. International Journal of Cancer 120:1116-

1122. 

   

Isaacs JT, Coffey DS (1989). Etiology and disease process of benign prostatic hyperplasia. 

Prostate Supplement 2:33–50. 

 

Iseri LT, French JH. (1984). Magnesium: nature's physiologic calcium blocker. American Heart 

Journal 108: 188–193. 

 

Issaq HJ, Waybright TJ, Veenstra TD. (2011). Cancer biomarker discovery: Opportunities and 

pitfalls in analytical methods. Electrophoresis 32:967–975. 

 

Jac ques PF, Bostom AG, Wilson PW, Rich S, Rosenberg IH, Selhub J. (2001).  Determinants of 

plasma total homocysteine concentration in the Framingham Offspring cohort. American 

Journal of Clinical Nutrition 73:613–621 

 

Jacob, RA (1996). Three eras of vitamin C discovery. Sub-cellular biochemistry 25: 1–16. 

 

Jason E. Michaud, Kevin L. Billups, and Alan W. P. (2015). Testosterone and prostate cancer: an  

evidence-based review of pathogenesis and oncologic risk. Therapeutic Advances in 

Urology. 7(6): 378–387.  
 

Jentzmik F, Stephan C, Lein M, Miller K, Kamlage B, Bethan B, Kristiansen G, Jung K. (2011) 

Sarcosine in prostate cancer tissue is not a differential metabolite for prostate cancer 

aggressiveness and biochemical progression. Journal of Urology 185:706–711. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Michaud%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=26622322
https://www.ncbi.nlm.nih.gov/pubmed/?term=Billups%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=26622322


 

 

190 

Jennifer, RR , Kathryn MW, Jennifer AS,  Rachel SK, Lorelei AM
 
and Edward LG. (2016).  

Ejaculation Frequency and Risk of Prostate Cancer: Updated Results with an Additional 

Decade of Follow-up. European Urology. PII: 377-378. 

 

 JepsenBru JV, skewitz RC. (2000). Clinical manifestations and indications for treatment. In: 

Lepor H, editor. Prostatic Diseases. Philadelphia: WB Saunders; pp. 127–142. 

 

Jha, P, Marcus F, Eva L, Michael F, Salim Y.  (1995). The Antioxidant Vitamins and 

Cardiovascular Disease: A Critical Review of Epidemiologic and Clinical Trial Data. 

Annals of Internal Medicine 123 (11): 860–872.  

 

Jiang C, (2002) Distinct Effects of Methylseleninic Acid versus Selenite on Apoptosis, Cell 

Cycle, and Protein Kinase Pathways in DU145 Human Prostate Cancer Cells. Molecular 

Cancer Therapeutics 1:1059-1066. 

 

John‘s Hopkins. (2014). www johnhopkins health alerts.com. Retrieved on 15
th

 Feb. 2015.  

 

Johnson,A.R., Munoz, A., Gottieb, J.L.& Jarrard, D.F.( 2007). High Dose zinc Increases 

Hospital Admissions Due to Genitourinary complications.  Journal of Urology 177(2): 

639-643.   

 

Jones G. Pharmacokinetics of vitamin D toxicity (2008). American Journal of Clinical Nutrition.  

88:582-586.Journal of Urology and Nephrology; 37: 322-328. 

 

Kadrmas, J. L. &  Beckerle, M.C. (2004). The Lim  Domin. From The Cytoskeleton To The 

Nuclusu. National Review of Molecular Cell Biology 5:920- 931. 

 

Kafai MR, Ganji V. (2003) Sex, age, geographical location, smoking, and alcohol consumption 

influence serum selenium concentrations in the USA: third National Health and Nutrition 

Examination Survey, 1988-1994. Journal of Trace Elements Medicine and Biology 

17:13-8. 

 

Kalish LA, McDougal WS, McKinlay JB. (2000). Family history and the risk of prostate cancer. 

Urology 56 (5): 803-806,    

 

Kathryn , M  Edward L G, and Lorelei A M (2012). Lifestyle and dietary factors in the  

prevention of lethal prostate cancer. Asian Journal of Androlology. 14(3): 365–374. 

 

Kenfield SA, Stampfer MJ, Giovannucci E, Chan JM. (2011).Physical activity and survival after  

prostate cancer diagnosis in the health professionals follow-up study. Journal of Clinical 

Oncology. 2 (6):726–732.   

 

Khan AP, Rajendiran TM,  Ateeq B, Asangani A, Athanikar JN,  Yocum AK,  Mehra R,
 
Siddiqui 

J,  Palapattu G, Wei JT, Michailidis G,  Sreekumar A,  Chinnaiyan AM. (2013). The Role 

of Sarcosine Metabolism in Prostate Cancer Progression. Neoplasia  15(5): 491–501. 

http://www.annals.org/content/123/11/860.short
http://www.annals.org/content/123/11/860.short
http://www.annals.org/content/123/11/860.short
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3720164/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20AP%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rajendiran%20TM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ateeq%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Asangani%20IA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Athanikar%20JN%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yocum%20AK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mehra%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siddiqui%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palapattu%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20JT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Michailidis%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sreekumar%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chinnaiyan%20AM%5Bauth%5D


 

 

191 

Khan MA, Tania M, Zhang D, Chen H (2010). Antioxidant enzymes and cancer. Chinical 

Journal of Cancer Research. 22 (2): 87–92. 

 

Kim, Y. M., Cao, D., Reed, W., Wu, W., Jaspers, I., Tal, T., Bromberg, P. A. & Samet, J. M. 

(2007). Zn2+- Induced Nf-Kappab- Dependent Transcriptional Activity Involves 

Sitespecific P65/Rela Phosphorylation. Cell Signal 19: 538-546. 

 

Kirsh VA, Hayes RB, Mayne ST, Chatterjee N, Subar AF, Dixon LB,(2006). Supplemental and 

dietary vitamin E, β-carotene, and vitamin C intakes and prostate cancer risk. Journal 

National Cancer Institute  98:245-254. 

 

Klein EA, Thompson Jr. IM, Tangen CM, Crowley JJ, Lucia MS, Goodman PJ, (2011). Vitamin 

E and the risk of prostate cancer: the Selenium and Vitamin E Cancer Prevention Trial 

(SELECT). Journal of American Medical Association 306:1549-1556.  

 

Klotz L, Boccon-Gibod L, Shore ND, Andreou C, Persson BE, Cantor P, Jensen JK, Olesen TK, 

Schröder FH. (2008).The efficacy and safety of degarelix: a 12-month comparative, 

randomized, open-label, parallel-group phase III study in patients with prostate cancer. 

British Journal of Urology International 102(11):1531-1538. 

 

Knight, JA (1998).  Free radicals: Their history and current status in aging and disease. Annals of 

Clinical and Laboratory Science 28 (6): 331–46. 

 

Kolonel LN. (2001). Fat, meat, and prostate cancer. Epidemiology Review 23 (1): 72-81.  

 

Kovacheva VP, Mellott TJ, Davison JM, Wagner N, Lopez-Coviella I, Schnitzler AC.(2007) 

Gestational choline deficiency causes global and Igf2 gene DNA hypermethylation by 

up-regulation of Dnmt1 expression. Journal of Biology and Chemistr. 282:31–38.  

 

Kratochvil  S, (1994). Orgasmic explosions in women. Cesk psychiatry 90 (2): 71-77. 

 

Krieger-Liszkay, A. (2004). Singlet oxygen production in photosynthesis. Journal of 

Experimental Botany 56 (411): 337–446. 

 

Kristal AR, Arnold KB, Schenk JM, (2008). Dietary patterns, supplement use and the risk of 

symptomatic benign prostate hyperplasia: results from the prostate cancer prevention 

trial. American Journal of Epidemiology 167 (8): 925-934. 

 

Kristal A R, Stanford JL, Cohen JH, Wicklund K, Patterson RE. (1999).Vitamin and mineral 

supplement use is associated with reduced risk of prostate cancer. Cancer Epidemiology 

and Biomakers Preview 8 (10): 887-892.  

 

Langmade SJ, Ravindra R, Daniels PJ, Andrews GK.  (2000). The Transcription Factor Mtf-1 

Mediates Metal Regulation Of The Mouse Znt1 Gene. Journal of Biology and Chemistry 

275: 3480-34809. 

 

http://www.springerlink.com/content/4h2277984v0t180k/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Klotz%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19035858
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boccon-Gibod%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19035858
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shore%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=19035858
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andreou%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19035858
http://www.ncbi.nlm.nih.gov/pubmed/?term=Persson%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=19035858
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cantor%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19035858
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jensen%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=19035858
http://www.ncbi.nlm.nih.gov/pubmed/?term=Olesen%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=19035858
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schr%C3%B6der%20FH%5BAuthor%5D&cauthor=true&cauthor_uid=19035858


 

 

192 

Larsen P (1993). Aging and resistance to oxidative damage in Caenorhabditis elegans. 

Proceedings of the National Academy of Sciences of the United States of America 90 

(19): 8905–8909. 

 

Lawson KA, Wright ME, Subar A, Mouw T. Holienbeck A, Schatzkin A, Leitzmann MF. 

(2007). Multivitamin use and risk of prostate cancer in the national institutes of Health- 

AARP diet and health study. Journal of National cancer institute 99 (10): 754-764. 

 

Lenaz, Giorgio (2001). The Mitochondrial Production of Reactive Oxygen Species: Mechanisms 

and Implications in Human Pathology. Life 52 (5): 159–164. 

 

Lepor H (2000). α-Adrenergic blockers for the treatment of benign prostatic hyperplasia. In: 

Lepor H, editor. Prostatic Diseases. Philadelphia: WB Saunders. pp. 297–307. 

 

Leitzmann MF, Platz EA, Stampfer MJ. (2004).  Ejaculation Frequency and Subsequent Risk of  

Prostate Cancer. Journal of the American Medical Association ;291:1578–1586.  

 

Levey AS, Perrone RD, Madias NE. (1988) Serum creatinine and renal function. Annual Review 

of Medicine.39:465–490 

 

 Li, H. (2004) A prospective study of plasma selenium levels and prostate cancer risk.   Journal 

of the National Cancer Institute 96 (9) :696-703. 

. 

Lichtenstein P, Holm NV, Verkasalo PK. (2000). Environmental and heritable factors in the 

causation of cancer--analyses of cohorts of twins from Sweden, Denmark, and Finland. 

New England Journal of Medicine 343 (2): 78-85.   

 

Lin YC, Chang TC, Tseng YJ, Lin YL, Huang FT, Chang SY. (2000). Seminal plasma zinc  

levels and sperm motion characteristics in infertile samples. Chang Gung Medical 

Journal.;23(5):260–266. 

 

Lindberg JS, Zobitz MM, Poindexter JR, Pak CY. (1990). Magnesium bioavailability from 

magnesium citrate and magnesium oxide. Journal of American College of Nutrition  

9:48-55.  

 

Lippman SM, Klein EA, Goodman PJ, Lucia MS, Thompson IM, Ford LG, (2009). The effect of 

selenium and vitamin E on risk of prostate cancer and other cancers: the Selenium and 

Vitamin E Cancer Prevention Trial (SELECT). Journal American Medical Association 

301:39-51. 

 

Loeb S, Roehl KA, Catalona WJ, Nadler RB. (2007). Is the utility of PSA velocity for prostate  

cancer detection affected by age?  Journal of Urology. 177(4 ):468–469. 

 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC47469


 

 

193 

López-Lluch G,  Hunt N, Jones B,  Zhu M, H. Jamieson, S. Hilmer, M. V. Cascajo, J. Allard, D.  

Ingram K, Navas P, De Cab R. (2006). Calorie restriction induces mitochondrial 

biogenesis and bioenergetic efficiency. Proceedings of the National Academy of Sciences 

of the United States of America 103 (6): 1768–1773. 

 

Lucarelli G, Fanelli M, Larocca AM, Germinario CA, Rutigliano M, Vavallo A, Selvaggi FP, 

Bettocchi C, Battaglia M, Ditonno P. (2012) Serum sarcosine increases the accuracy of 

prostate cancer detection in patients with total serum PSA less than 4.0 ng/ml. Prostate 

72:1611–1621. 

Luka Z, Pakhomova S, Loukachevitch LV, Newcomer ME, Wagner C. (2012).  Differences in 

folate-protein interactions result in differing inhibition of native rat liver and recombinant 

glycine N-methyltransferase by 5-methyltetrahydrofolate.  Protein and Proteomics 

1824:286–291.  

 

Ma Y, Zhang P, Wang F, Yang J, Liu Z, Qin H. (2011). "Association between vitamin D and risk 

of colorectal cancer: a systematic review of prospective studies. Journal of clinical 

oncology : official journal of the American Society of Clinical Oncology 29 (28): 3775–

3782. 

 

MacDonald A, (2011). New Prostate Cancer Screening recommendation generates controversy  

and confusion. Harvard Publication. http://www.Harvardprostateknowlegde.org. 

 Retrieved 2011-10-07 

 

Mack R, Vivian W, Howard S, Ian T. (2006). Staging of prostate cancer: Time to incorporate  

pretreatment prostate-specific antigen and Gleason score. Cancer. 109: 213–220 

 

Madding CI, Jacob M, Ramsay VP, Sokol RZ. (1986). Serum and semen zinc levels in  

normozoospermic and oligozoospermic men. Annals of Nutrition and Metabolism.4:213–

218. 

 

Marcione M, (2011). Prostate testing‘s dark side. Men who were harmed. Associate press. 

http://apnews.excite.com/article. Retrieved 2011-10 -13 

 

Maret W.  Sandstead HH. (2006). Zinc requirements and the risk and benefits of zinc 

supplementation. Journal of Trace Elements in Medicine and Biology 20 (1): 3-18.  

 

Mattill, H A (1947). Antioxidants. Annual Review of Biochemistry 16: 177–92.  

 

Maverakis E, Fung MA, Draznin M, Micheal DJ, Ruben B,  Fazel N. (2007). Acrodermatitis 

enteropathica and an overview of Zinc metabolism. Journal of American Acah 

Dermatology 56(1):116-124. 

 

 McNeal JG. (1983) The prostate gland: morphology and pathobiology. Monogram of Urology 

4:3–33. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1413655
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1413655
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1413655
http://www.harvardprostateknowlegde.org/
http://apnews.excite.com/article.%20Retrieved%202011-10%20-13


 

 

194 

MedlinePlus Medical Encyclopedia (2014). Congenital adrenal hyperplasia:  www.nlm.nih.gov. 

Retrieved 2015-05-30.  

 

MedlinePlus Medical Encyclopedia (2014). Cushing disease:  www.nlm.nih.gov. Retrieved 2015-

05-30. 

  

Merseburger AS, Connelly RR, Sun L, Richter E,  Moul JW. (2001). Use of serum creatinine to 

predict pathologic stage and recurrence among radical prostatectomy patients. Urology 

58(5):729–734. 

 

Metallo CM. (2012) Expanding the reach of cancer metabolomics. Cancer Preview Research 

5:1337–1340.  

 

Meyer RP, (2000). Structure of the adult Prostate from clinician‘s standpoint. Clinical Anatomy.   

Wiley Interscience 13: 214-215.  

 

Miller BA, Kolonel LN, Bernstein L. (1996). Racial/Ethnic Patterns of Cancer in the United 

States 1988-1992. Bethesda, Md: National Cancer Institute, NIH Pub. No. 96-4104. 

htt//seer.cancergov/publiccationethinicity. Last accessed June 18, 2014.  

 

Miller RA, Britigan BE. (1997). Role of oxidants in microbial pathophysiology. Clinical 

Microbiology Reviews 10 (1): 1–18. 

 

Mistry K, Cable G. (2003). Meta-analysis of prostate-specific antigen and digital rectal  

examination as screening tests for prostate carcinoma. Journal of the American Board 

Family Practice.16:95–101. 

 

Mohit J, Roland N, Sonia S, Nikhil M, Toshiori E, Amanda L, Seguza RK, Marc WK, Clary BC, 

Vamsi K. (2012). Metabolic profiling identifies a key role for Glycine in rapid cell 

proliferation. Science 336 (8). 1040-1044. 

 

Montrose DC, Zhou XK, Kopelovich L, Yantiss RK, Karoly ED, Subbaramaiah K, Dannenberg 

AJ. (2012). Metabolic profiling, a noninvasive approach for the detection of experimental 

colorectal neoplasia. Cancer Prevention. Research 5:1358–1367.  

 

Moore K, Dalley A, (2005). Clinically oriented Anatomy. Baltimore, Maryland: lippincott 

Williams and wilkins. p 132. 

 

Moreno J, Krishnan AV, Feldman D. Molecular mechanisms mediating the antiproliferative 

effects of vitamin D in prostate cancer. (2005). Journal of Steroid Biochemistry and 

Molecular Biology 97(1–2):31–36. 

 

Morgan R, Boxall A, Bhatt A, Bailey M, Hindley R, Langley S, Whitaker HC, Neal DE, Ismail 

M, Whitaker H, Annels N, Michael A, Pandha H. (2011). "Engrailed-2 (EN2): a tumor 

specific urinary biomarker for the early diagnosis of prostate cancer". Clinical Cancer 

Research  17 (5): 1090–1098. 



 

 

195 

Moya K, (2010). Getting the facts about Prostate Cancer.                                                                                                                                    

www.wikipeda.org: retrieved 11th July. 2010. 

 

Moyad MA. (2004). Zinc for prostate disease and other conditions: A little evidence, a lot of 

hype, and a significant potential problem. Urology Nursing 24(1):35-49. 

 

Moyer VA (2012) On behalf of the U.S. Preventive Services Task Force. Screening for prostate  

cancer: U.S. Preventive Services Task Force recommendation statement. Annals of 

Internal Medicine. 157(2):120–134.  

 

Mühlbauer B, Schwenk M, Coram WM, Antonin KH, Etienne P, Bieck PR, Douglas FL. (1991). 

Magnesium-L-aspartate-HCl and magnesium-oxide: bioavailability in healthy volunteers. 

European Journal of Clinical Pharmacology 40:437-448. 

 

Myers, R P (2000). Structure of the adult prostate from a clinician's standpoint. Clinical  

Anatomy. 13 (3): 214–215. 

 

Na R, Ye D, Liu F, Chen H, Qi J, Wu Y. (2014) Performance of serum prostate-specific antigen  

isoform [-2]proPSA (p2PSA) and the prostate health index (PHI) in a Chinese hospital-

based biopsy population. Prostate.74:1569–1575. 

 

Naka K, Muraguchi T, Hoshii T, Hirao A. (2008) Regulation of reactive oxygen species and 

genomic stability in hematopoietic stem cells. Antioxidant Redox Signal 10:1883–1894.  

 

Nakabeppu, Y, Sakumi K, Sakamoto K, Tsuchimoto, D, Tsuzuki, T, Nakatsu, Y, (2006). 

Mutagenesis and carcinogenesis caused by the oxidation of nucleic acids. Biological 

Chemistry 387 (4): 373–379 

 

Nardini M, Gnesutta N, Donati G, Gatta R, Forni C, Fossati A, Vonrhein C, Moras D, Romier C, 

Bolognesi M. (2013). Sequence-specific transcription factor NF-Y displays histone-like 

DNA binding and H2B-like ubiquitination. Cell 152:132–143.  

 

Nathan  L, Mark  F. (2008). Benign prostate disorders In Endocrinology of male Reproduction. 

Retrieved from www.endotext.org on 21st Feb., 2010. 

 

National kidney and Urology Diseases Information Clearinghouse (NKUDIC) (2006). Medical 

tests for prostate problems. NIH publications. www.UrologyHealth.org.  

 

Naing L, Winn T, Rusli B. (2006). Practical issues in calculating the sample size for prevalence  

Niu Y., Ge R., Hu L., Diaz C., Wang Z., Wu C.L., Olumi A.F. (2011). Reduced levels of 

5-alpha reductase 2 in adult prostate tissue and implications for BPH therapy. Prostate. 

71:1317–1324. 

 

Niskar AS, Paschal DC, Kieszak SM, Flegal KM, Bowman B, Gunter EW, (2003). Serum 

selenium levels in the US population: Third National Health and Nutrition Examination 

Survey, 1988-1994. Biology of Trace Element Research 91:1-10. 

http://www.endotext.org/
http://www.urologyhealth.org/


 

 

196 

Nitti VW. (2000). Diagnosis of obstructive uropathy. In: Lepor H, Prostatic Diseases. 

Philadelphia: WB Saunders; . pp. 197–209. 

 

Nunomura A, Castellani R, Zhu X, Moreira P, Perry G, Smith M (2006). Involvement of 

oxidative stress in Alzheimer disease. Journal of Neuropathological and Experimental 

Neurolology  65 (7): 631–641. 

 

Nutting C, Horwich A, Fisher C, Parsons C, Dearnaley DP, (1997). Small-cell carcinoma of the 

prostate. Journal of Royal Society Medicine 90 (6): 340-341. 

 

O‘Connor JM. (2001)Trace elements and DNA damage. Biochemical Society Transactions.  

29(2):354–357. 

 

Oleksandr NK, Kirill L,  Felix MC,  Nachiketh, SP, Alan P,  Mark LG,  Sanoj P,  Merce J.  

(2016). Radical Prostatectomy Findings in White Hispanic/Latino Men With NCCN Very 

Low-risk Prostate Cancer Detected by Template Biopsy. American Journal of Surgical 

Pathology.  40(8): 1125–1132.  

 

Omu, A. E., Dashti, H, Al-Othman, S. (1998).  Treatment Of Asthenozoosperimia With Zinc 

Sulphate: Andrological, Immunological And Obstetric Outcome. European Journal of 

Obstetrics, Gynecology and Reproduction Biology 79: 179-184. 

 

Optenberg SA, Thompson IM, Friedrichs P. (1995): Race, treatment, and long-term survival 

from prostate cancer in an equal-access medical care delivery system. Journal of 

American Medical Association 274 (20): 1599-1605. 

  

Osegbe DN, (1997a).  Prostate cancer in Nigeria: facts and nonfacts.  Journal of Urology 154 

(4): 1340-1341. 

 

Osegbe DN. (1997b). Prostate cancer in Nigerians: facts and nonfacts. Journal of Urology 157 

(2):340-1343. 

 

Outten, CE, O'halloran, TV. (2001), Femtomolar Sensitivity Of Metalloregulatory Proteins 

Controlling Zinc Homeostasis. Science 292: 2488-2492. 

 

Ozmen, H (2006).  Comparison of the concentration of trace metals  (Ni, Zn, Co, Cu and Se), Fe, 

vitamins A, C and E, and lipid peroxidation in patients with prostate cancer. Clinical 

Chemistry and Laboratory Medicine 44 (2):175-179. 

 

Page WF, Braun MM, Partin AW. (1997). Heredity and prostate cancer: a study of World War II 

veteran twins. Prostate 33 (4): 240-5.  

  

Parkin OM, Bray FI, Devasa SS. (2001). Cancer burden in the year 2000: The global picture. 

European Journal of Cancer 37(3): 54-66. 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kryvenko%20ON%5BAuthor%5D&cauthor=true&cauthor_uid=27158756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lyapichev%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27158756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chinea%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=27158756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prakash%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=27158756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pollack%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27158756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzalgo%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=27158756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Punnen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27158756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jorda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27158756
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27158756
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27158756
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27158756


 

 

197 

Peter KC, Jeremy YT, Wai-Man L, Chi-Hang Y, Eddie SC, See-Ming H, Chi-F N. (2016).  

Extended use of Prostate Health Index and percentage of [-2] pro-prostate-specific 

antigen in Chinese men with prostate specific antigen 10–20 ng/mL and normal digital 

rectal examination. Investigative and Clinical Urolology. 57(5): 336–342.  

 

Pérez VI, Bokov A, Van R H, Mele J, Ran Q, Ikeno Y, Richardson A.  (2009). Is the oxidative 

stress theory of aging dead? Biochemical and Biophysics Acta – General Subjects 1790 

(10): 1005–1014. 

 

Perrone RD, Madias, NE, Levey, A.S. (1992). Serum creatinine as an index of renal function: 

new insights into old concepts. Clinical Chemistry. 38(10):1933–1953. 

 

Picciano MF. (2001) Nutrient composition of human milk. Pediatric Clinics of North America 

48:53-67 

 

Prasad AS (2014) Impact of the discovery of human zinc deficiency on health. Journal of Trace  

Element in Medicine and Biology. 28(4):357-363. 

 

Prasad AS. (2008). Clinical, immunological, anti-inflammatory and antioxidant roles of zinc. 

Experimental Gerontology  43: 370-377. 

 

Prensner JR, Rubin MA, Wei JT, Chinnaiyan AM. (2012). Beyond PSA: the next generation of  

prostate cancer biomarkers. Science Translational Medicine.4:127rv12. 

 

Quinn M and Babb P. (2002). Patterns and trends in prostate cancer incidence, survival, 

prevalence and mortality: international comparisons. British Journal of Urology 

International 90(2): 162-173. 

 

Radhika P K and Ajay RC (2016). Zinc Levels in Seminal Fluid in Infertile Males and its  

Relation with Serum Free Testosterone. Journal Clinical Diagnostic Research. 10(5). 5-8 

 

Raha S, Robinson BH. (2000). Mitochondria, oxygen free radicals, disease and ageing. Trends in 

Biochemical Sciences 25 (10): 502–508. 

 

Rattan S. (2006).Theories of biological aging: genes, proteins, and free radicals. Free Radical 

Research 40 (12): 1230–1238. 

 

Rayman MP (2012). Selenium and human health. Lancet 379:1256-1268. 

 

Rees K, Hartley L, Day C, Flowers N, Clarke A, Stranges S. (2013) Selenium supplementation 

for the primary prevention of cardiovascular disease. Cochrane Database Systematic 

Review. (1):9671-9679. 

 

Rhee SG. (2006). Cell signaling: H2O2, a Necessary Evil for Cell Signaling. Science 312 (5782): 

1882–1893. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiu%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=27617315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teoh%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=27617315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=27617315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yee%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=27617315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=27617315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hou%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=27617315
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5017555/
http://www.sciencedirect.com/science/article/B6T1W-4WH2KYY-3/2/3b2909c65fa19256ae2436cb8c143471
http://www.sciencedirect.com/science/article/B6T1W-4WH2KYY-3/2/3b2909c65fa19256ae2436cb8c143471
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prasad%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=25260885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kothari%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=27437207
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudhari%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=27437207
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4948382/


 

 

198 

Ristow M, Zarse K. . (2010). How increased oxidative stress promotes longevity and metabolic 

health: the concept of mitochondrial hormesis (mitohormesis). Experimental Gerontology  

(6): 410–418. 

 

Roehrborn CG. (2005) Benign prostatic hyperplasia: an overview. Reviews in Urology. 7 (9):3– 

14. 

 

Roehrborn CG, Boyle P, Gould AL. (1999). Serum prostate-specific antigen as a predictor of 

prostate volume in men with benign prostatic hyperplasia. Urology 53:581–589. 

 

Roehrborn CG, Girman CJ, Rhodes T, (1997). Correlation between prostate size estimated by 

digital rectal examination and measured by transrectal ultrasound. Urology 49:548–557.  

 

Roobol MJ, Kranse R, Koning HJ, Schroder FH. (2004). Prostate specific antigen velocity at low 

prostate specific antigen levels as screening tool for prostate cancer. Urology  63 (2):309-

313. 

 

Ross SA.(2003).  Diet and DNA methylation interactions in cancer prevention. Annal New York 

Academy of Science 983:197–207.  

 

Rude RK. (2010). Magnesium. In: Coates PM, Betz JM, Blackman MR, Cragg GM, Levine M, 

Moss J, White JD, eds. Encyclopedia of Dietary Supplements. 2nd ed. New York, NY: 

Informa Healthcare. Pp527-37.  

 

Rude RK. (2012). Magnesium In: Ross AC, Caballero B, Cousins RJ, Tucker KL, Ziegler TR, 

eds. Modern Nutrition in Health and Disease. 11th ed. Baltimore, Mass: Lippincott 

Williams & Wilkins; pp159-75. 

 

Ruijter E, van de Kaa C, Miller G. (1999).  Molecular genetics and epidemiology of prostate 

carcinoma. Endocrinology Review 20 (1): 22-45.   

 

Sauer H, Wartenberg M, Hescheler J. ( 2001). Reactive oxygen species as intracellular 

messengers during cell growth and differentiation. Cell Physiology and Biochemistry 

11:173–186.  

 

Schneider C (2005). Chemistry and biology of vitamin E. Molecular Nutrition and Food 

Research 49 (1): 7–30. 

 

Seaver LC, Imlay JA. (2004). Are Respiratory Enzymes the Primary Sources of Intracellular 

Hydrogen Peroxide? Journal of Biology and Chemistry 279 (47): 48742–48750.  

 

Sen CK, Khanna S, Roy S (2006). Tocotrienols: vitamin E beyond tocopherols. Life Science 

78:2088-2098. 

 

Shapiro E, Lepor H. (1995).  Pathophysiology of clinical benign prostatic hyperplasia. Urology 

Clinics of North America 22:285–290.  



 

 

199 

Shivapurkar N, Poirier LA. (1983) Tissue levels of S-adenosylmethionine and S-

adenosylhomocysteine in rats fed methyl-deficient, amino acid-defined diets for one to 

five weeks. Carcinogenesis 4:1051–1057.  

 

Smith JC, Gerald PB,  Purdy WC. (1979). Direct measurement of zinc in plasma by atomic  

absorption spectroscopy. Clinical Chemistry. 25(8):1487-1491. 

 

Sies, H. (1993). Strategies of antioxidant defense. European Journal of Biochemistry 215 (2): 

213–219. 

 

Sohal R, Mockett R, Orr W (2002) .Mechanisms of aging: an appraisal of the oxidative stress 

hypothesis. Free Radical in Biology and Medicine 33 (5): 575–586. 

 

Sonders RC. (1986) Pharmacokinetics of terazosin. American  Journal of Medicine. 1986;80:20– 

24. 

 

Song YH, Shiota M, Kuroiwa K, Naito S, Oda Y.(2011) The important role of glycine N-

methyltransferase in the carcinogenesis and progression of prostate cancer. Modern 

Pathology 24:1272–1280.  

 

Sreekumar A, Poisson LM, Rajendiran TM, Khan AP, Cao Q, Yu J, Laxman B, Mehra R, 

Lonigro RJ, Li Y, Nyati MK, Ahsan A, Kalyana-Sundaram S, Han B, Cao X, Byun J, 

Omenn GS, Ghosh D, Pennathur S, Alexander DC, Berger A, Shuster JR, Wei JT, 

Varambally S, Beecher C, Chinnaiyan AM (2009). Metabolomic profiles delineate 

potential role for sarcosine in prostate cancer progression. Nature 457:910–914. 

   

Stabler S, Koyama T, Zhao ZG, Martinez-Ferrer M, Allen RH, Luka Z, Loukachevitch LV, 

Clark PE., Wagner C, Bhowmick NA. (2011). Serum methionine metabolites are risk 

factors for metastatic prostate cancer progression. PLoS One 6:22486-22490. 

 

Stadtman E. (1992). Protein oxidation and aging. Science  5074: 1220–1224 

 

Stanford JL, Stephenson RA, Coyle LM. (1999). Prostate Cancer Trends 1973-1995. 

Bethesda, Md: National Cancer Institute,. NIH 99 4543.htt//seer.cancergov/publiccationp

rostate. Last accessed June 18, 2014.  

 

Stanford JL, Wicklund KG, McKnight B. (1999). Vasectomy and risk of prostate cancer. Cancer 

Epidemiology of Biomarkers Preview. 8 (10) 881-886. 

  

Stead LM, Brosnan JT, Brosnan ME, Vance DE, Jacobs RL. (. (2006)  Is it time to reevaluate 

methyl balance in humans? American Journal of Clinical Nutrition 83:5–10.  

 

Steers WD. (2001). 5-alpha reductase activity in prostate. Urology. 58(6).17-24. 

 

https://www.researchgate.net/researcher/85429418_WC_Purdy


 

 

200 

Steinberg GD, Carter BS, Beaty TH. (1990): Family history and the risk of prostate cancer. 

Prostate 17 (4): 337-47. 

 

Steiner MS. ( 2000) Molecular biology of prostate growth regulation. In: Lepor H, editor. 

Prostatic Diseases. Philadelphia: WB Saunders. pp. 41–57. 

 

Steive H. (1930). Mannliche Genitalorgane.  Handbuch der mikroskopischen Anatomie des 

menschen. Vol VII Part 2. Berlin: Springer. p391. 

 

Stohs S, Bagchi D (1995). Oxidative mechanisms in the toxicity of metal ions. Free Radical in 

Biology and Medicine 18 (2): 321–336. 

 

Stone CA, Kawai K, Kupka R, Fawzi WW (2010). Role of selenium in HIV infection. Nutrition 

Review 68:671-681. 

 

Stowel LI, shaman IE, Hamel K. (1991). An enzyme-linked immunosorbent assay (ELISA) for  

prostate-specific antigen. Forensic Science Intern. 50:125-136 

 

Strandberg JD. (2000). Comparative pathology of benign prostatic hyperplasia. In: Lepor H, 

editor. Prostatic Diseases. Philadelphia. WB Saunders. pp. 329–343. 

 

Struewing JP, Hartge P, Wacholder S, Baker SM, Berlin M, McAdams M, Timmerman MM, 

Brody LC, Tucker MA (1997).  The risk of cancer associated with specific mutations of 

BRCA1 and BRCA2 among Ashkenazi Jews. New England Journal of Medicin 336 (20): 

1401-1408. 

 

Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M. (2011). Gait speed and  

survival in older adults. Journal of the American Medical Association. 305(1):50–58.  

 

Sunde RA (2006). Selenium. In: Bowman B, Russell R, eds Present Knowledge in Nutrition. 9th 

ed. Washington, DC: International Life Sciences Institute. Pp 480-497 

 

Sunde RA. (2010). Selenium. In: Coates PM, Betz JM, Blackman MR,   Encyclopedia of Dietary 

Supplements. 2nd ed. London and New York: Informa Healthcare. Pp711-718 

 

Sunde RA. Selenium (2012). In: Ross AC, Caballero B, Cousins RJ, Tucker KL, Ziegler TR, 

eds. Modern Nutrition in Health and Disease. 11th ed. Philadelphia, PA: Lippincott 

Williams & Wilkins; Pp 225-237 

 

Sunipa M, Eric B, John E, Shahriar K. (2011). Aberrant DNA Methylation and Prostate Cancer.  

Current Genomics. 12(7): 486–505. 

 

Swanson MG, Zektzer AS, Tabatabai ZI, Simko J, Jarso S, Keshari KR, Schinohara K, Vigneron 

DB, Kurhanewicz J. (2006). Quantitative analysios of prostate metabolites using mas 

spectroscopy. Magnetic Resonance in Medicine 55 (6). 1257-1264. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Majumdar%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Buckles%20E%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Estrada%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koochekpour%20S%5Bauth%5D


 

 

201 

Terry EN, Diamond AM (2012). Selenium. In: Erdman JW, Macdonald IA, Zeisel SH, eds. 

Present Knowledge in Nutrition. 10th ed. Washington, DC: Wiley-Blackwell. pp16-23. 

 

Thomas D (2004).Vitamins in health and aging. Clinical Geriatrics and Medicine 20 (2): 259–

274. 

 

Thompson IM, Pauler DK, Goodman PJ, (2004). Prevalence of prostate cancer among men with 

a prostate-specific antigen level < or =4.0 ng per milliliter. New England Journal of 

Medicine 350(22):2239-2246.  

 

Tonelli M, Wiebe N, Hemmelgarn B, Klarenbach S, Field C, Manns B, (2009). Trace elements 

in hemodialysis patients: a systematic review and meta-analysis. Cancer 7:25. 

 

Traber MG.  (2006). Vitamin E. In: Shils ME, Shike M, Ross AC, Caballero B, Cousins R, eds. 

Modern Nutrition in Health and Disease. 10th ed. Baltimore, MD: Lippincott Williams & 

Wilkins, Pp. 396-411. 

 

Traber MG. (2007) .Vitamin E regulatory mechanisms. Annual Review of Nutrition 27:347-362. 

 

Tremolizzo L, Doueiri MS, Dong E, Grayson DR, Davis J, Pinna G. (2005). Valproate corrects 

the schizophrenia-like epigenetic behavioral modifications induced by methionine in 

mice. Biology and Psychiatry 57:500–509.  

 

Tretli S, Hernes E, Berg JP, Hestvik UE, Robsahm TE. (2009). Association between serum 

25(OH) D and death from prostate cancer. British Journal of Cancer 100(3):450-454.  

 

Tsalev DL, Lampugnani L, D‘Ulivo A. (2001). Electrothermal atomic absorption spectrometric  

determination of selenium in biological fluids with rhodium modifier comparedwith 

hydride generation atomic spectrometric techniques. Microchemical Journal, 70:103-113 

 

United State Department of Agriculture, Agricultural Research Service.(USDA) (2011) National 

Nutrient Database for Standard Reference, Release 24. Nutrient Data Laboratory Home 

Page, http://www.ars.usda.gov/ba/bhnrc/ndl. Retrirved on 15 Feb 2015. 

 

Ursini F, Maiorino M, Valente M, Ferr L and Gregolin, C (1987). Biochemistry and Biophysics 

Acta 710: 197-211.  

 

Valko M, Morris H, Cronin MT (2005). Metals, toxicity and oxidative stress. Current. Medical. 

Chemistry 12 (10): 1161–1170 . 

 

Valko, M, Leibfritz D, Moncol, J, Cronin M, Mazur M, Telser J. (2007). Free radicals and 

antioxidants in normal physiological functions and human disease. The International 

Journal of Biochemistry & Cell Biology 39 (1): 44–84. 

 

http://ods.od.nih.gov/click.aspx?target=http%3a%2f%2fwww.ars.usda.gov%2fba%2fbhnrc%2fndl&key=67122BED60F24C3D273283C4207FD251964BD758


 

 

202 

Valko, Marian; Izakovic, Mario; Mazur, Milan; Rhodes, Christopher J.; Telser, Joshua (2004). 

Role of oxygen radicals in DNA damage and cancer incidence. Molecular and Cellular 

Biochemistry 266 (2): 37–56. 

 

Van Gaal L, Mertens I, De Block C (2006). Mechanisms linking obesity with cardiovascular 

disease. Nature 444 (121): 875–80. 

 

Van-Weeman BK, Schuurs AH. (1971). Immunoassay using antigen-enzyme conjugates. FEBS 

letters 15:232-236. 

 

Vassiliadi, DA,  Barber MT. (2009). Increased 5 alpha-reductase activity and adrenocortical  

drive in women with polycystic ovary syndrome. Journal of Clinical Endocrinology and 

Metabolism. 94(9): 3558-3566. 

 

Veloso SG, Lima MF, Smalles PG. (2007). Interobserver agreement of Gleason score and 

modified Gleason score in needle and in surgical specimens of prostate cancer. 

International Brazilian Journal of Urology 33(5): 639–646. 

 

Venkalowara N.  (2002). Modulation of cell proliferation and cell cycle regulators by vitamin E 

in human prostate carcinoma cell lines. Journal of Urology 168 (4):1578-1588. 

 

Verhagen H, Buijsse B, Jansen E, Bueno-de-Mesquita B. (2006). The state of antioxidant affairs. 

Nutrition today 41:244-2450. 

 

Verhemme KM, Dieleman JP, Bleumink GS. (2002). Incidence and prevalence of lower urinary 

tract symptoms suggestive of benign prostatic hyperplasia in primary care- the triumph 

project. European Journal Urology 42 (4): 323-328. 

 

Vertuani S, Angusti A, Manfredini, S. (2004). The Antioxidants and Pro-Antioxidants Network: 

An Overview. Current Pharmaceutical Design 10 (14): 1677–1694.  

 

Vesely S, Knutson T, Damber JE. (2003). Relationship between age, prostate volume, prostate- 

specific antigen, symptom score and uroflowmetry in men with lower urinary tract 

symptoms. 

 

Vikse BE, Vollset SE, Tell GS, Refsum H.,  Iversen  BM. (2004). Distribution and determinants 

of serum creatinine in the general population: the Hordaland Health Study. Scandinavian 

Journal of Clinical Laboratory Investigation 64(8):709–722. 

 

Vincent J, Elliott HL, Meredith PA., Reid JI. (1983).  Doxazosin, an α1-adrenoceptor antagonist:  

Pharmacokinetics and concentration-effect relationships in man. British Journal of 

Clinical Pharmacology. 15:719–725. 

 

Vouldoukis I, Lacan D, Kamate C. (2004). Antioxidant and anti-inflammatory properties of a  

Cucumis melo LC. extract rich in superoxide dismutase activity. Journal of 

Ethnopharmacology. 94(1):67-75 



 

 

203 

Vratislav C. Kateřina R. Pavel S. (2008). Determination of serum creatinine by Jaffe method and  

how to calibrate to eliminate matrix interference problems. Clinical Chemistry and 

Laboratory Medicine. 46 (8):1127–1133 

 

Wagner CL, Greer FR.(2008) American Academy of Pediatrics Section on Breastfeeding; 

American Academy of Pediatrics Committee on Nutrition. Prevention of rickets and 

vitamin D deficiency in infants, children, and adolescents. Pediatrics 122:1142-1152. 

 

Walsh PC (1986). Benign prostatic hyperplasia. In: Walsh PC, Gittes RF, Perlmutter AD, 

Stamey TA, editors. Campbell‘s Urology. 5th ed. Philadelphia: WB Saunders. pp. 1248–

1265. 

 

Walz J, Gallina A, Saad F. (2007). A nomogram predicting 10-year life expectancy in candidates 

for radical prostatectomy or radiotherapy for prostate cancer. Journal of Clinical 

Oncololog 25(24):3576-3581. 

 

Wang YC, Chen YM, Lin YJ, Liu SP, Chiang EPI. (2011). GNMT expression increases hepatic 

folate contents and folate-dependent methionine synthase-mediated homocysteine 

remethylation. Molecular Medicine 17:486–494.  

 

Ward J (1998). Should antioxidant vitamins be routinely recommended for older people? Drugs 

Aging 12 (3): 169–175 

 

Ward LM, Gaboury I, Ladhani M, Zlotkin S. (2007) Vitamin D-deficiency rickets among 

children in Canada. Candian Medical Association Journal 177:161-166. 

 

Waris G, Ahsan H. (2006). Reactive oxygen species: role in the development of cancer and 

various chronic conditions. Journal of Carcinogenesis 5:14-21. 

 

Wastney M.E. Aamodt R.L., Rumble W.F, Henkin R.I. (1986), Kinetic analysis of zinc 

metabolism and its regulation in normal humans. American Journal of Physiology.  

251(2):398-408. 

 

Webb AR, Kline L, Holick MF. (1988). Influence of season and latitude on the cutaneous 

synthesis of vitamin D3: Exposure to winter sunlight in Boston and Edmonton will not 

promote vitamin D3 synthesis in human skin. Journal of Clinical Endocrinology and 

Metabolism 67:373-378. 

 

Weglicki, WB, Phillips, TM. (1992). Pathobiology of magnesium deficiency: a  

cytokine/neurogenic inflammation hypothesis. American  Journal of Physiology. 

263:734–737. 

 

Wei JT, Feng Z, Partin AW. (2014). Can Urinary PCA3 Supplement PSA in the Early Detection  

of Prostate Cancer? Journal of Clinical Oncology. 32(36):4066–4072.  

 



 

 

204 

Weisberg P, Scanlon KS, Li R, Cogswell ME.(2004) Nutritional rickets among children in the 

United States: review of cases reported between 1986 and 2003 American  Journal of 

Clinical Nutrition . 80:1697-1705. 

 

Weitberg AB, Corvese D. (1997) Effect of vitamin E and beta-carotene on DNA strand breakage 

induced by tobacco-specific nitrosamines and stimulated human phagocytes. Journal of 

Experimental Clinical Cancer Reseach 16:11-14. 
 

Wenzl T. (2006) Analytical methods for vitamins determinations. Journal of Analytical  

chemistry of the European union. 25(7): 1-10. 

 

Wharton B, Bishop N. (2003). Rickets. Lancet 362:1389-400. 

 

Whittemore AS, Wu AH, Kolonel LN. (1995).  Family history and prostate cancer risk in black, 

white, and Asian men in the United States and Canada. American Journal of 

Epidemiology 141 (8): 732-40.  

 

Witte JS (2009) Prostate cancer genomics: towards a new understanding. National Review of 

Genetics 10 (2): 77-82. 

 

Wolf G. (2005)."The discovery of the antioxidant function of vitamin E: The contribution of 

Henry A. Mattill". The Journal of nutrition 135 (3): 363–366. 

 

Wood-Kaczmar A, Gandhi S, Wood N. (2006). Understanding the molecular causes of 

Parkinson's disease. Trends in Molecular Medicine 12 (11): 521–528. 

 

Wu CP, Gu FL (1991): The prostate in eunuchs. Progress in Clinical and Biological Research 

370: 249-255. 

 

Xun P, Bujnowski D, Liu K, Morris JS, Guo Z, He K.  (2011). Distribution of toenail   selenium 

levels in young adult Caucasians and African Americans in the United States: the 

CARDIA Trace Element Study. Environmental Research.111:514-519.  

 

Yalla SV, Sullivan MP, Lecamwasam HS, (1995). Correlation of American Urological 

Association Symptom Index with obstructive and nonobstructive prostatism. Journal of 

Urology. 153:674–680 

 

Yngve N, Svein A H, Ole JH, Karsten G, Jannicke F, Lars A A, Christian B. (2016). A positive  

Real-Time Elastography (RTE) combined with a Prostate Cancer Gene 3 (PCA3) score 

above 35 convey a high probability of intermediate- or high-risk prostate cancer in 

patient admitted for primary prostate biopsy. BMC Urology.  16: 39-40. 

 

Zhang Y, Davies LR, Martin SM, Bawaney IM, Buettner GR, Kerber RE. (2003). Magnesium 

reduces free radical concentration and preserves left ventricular function after direct 

current shocks. Resuscitation  56(2):199-206  
 

http://jn.nutrition.org/content/135/3/363.long
http://jn.nutrition.org/content/135/3/363.long
http://jn.nutrition.org/content/135/3/363.long
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nyg%26%23x000e5%3Brd%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27391229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haukaas%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=27391229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halvorsen%20OJ%5BAuthor%5D&cauthor=true&cauthor_uid=27391229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gravdal%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27391229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frug%26%23x000e5%3Brd%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27391229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akslen%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=27391229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beisland%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27391229
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4938932/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12589995
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davies%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=12589995
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=12589995
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bawaney%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=12589995
http://www.ncbi.nlm.nih.gov/pubmed/?term=Buettner%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=12589995
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kerber%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=12589995
http://www.ncbi.nlm.nih.gov/pubmed/12589995


 

 

205 

Zhou Y, Xiao XQ, Chen LF, Yang R, Shi JD, Du XL, Klocker H, Park I, Lee C, Zhang J. (2009).  

Proliferation and phenotypic changes of stromal cells in response to varying 

estrogen/androgen levels in castrated rats. Asian Journal of Andrology.11:451–459. 

 

Zu K. (2003). Synergy between selenium and vitamin E in apoptosis induction is associated with 

activation of distinctive initiator caspases in human prostate cancer cells. Cancer 

Researc.  63 (20):6988-6995 

 

 

 

 

 

 


