BAKARE AKEEM TOYOSI 

16/Sci03/004

BIOCHEMISTRY
BCH410 (BIOINORGANIC CHEMISTRY)
3th of April, 2020

QUESTIONS

1. Account on the role of selenium as an anticancer agent.

2. Write briefly on role of vanadium as anti diabetic agent.

3. Write comprehensive note on role of cisplastin as anti cancer agent.

ANSWERS

(1)

INTRODUCTION

Trace elements are necessary in the diet of animals for health benefits, growth physiological and biochemical functions. Among those essential trace element is selenium(Se). Selenium is a chemical element with the symbol Se and atomic number 34. Selenium was discovered by the Swedish chemist Jons Jacob Berzelius in 1817 and has been recognized as an essential trace element for many life forms including human being since 1957 when the element was found to be the active principle in liver that could replace vitamin E in the diets of rats and chicks for the prevention of vascular, muscular and/or hepatic lesions. Selenium is also known to play biological roles as antioxidant, immune functioning, reproduction and thyroid hormone metabolism. In the human body, selenium is incorporated into the amino acid selenocysteine, which is part of selenoproteins. Selenoproteins acts as antioxidant, which may protect cells against free radicals. Selenium is the only trace element to be specified in the genetic code, as selenocysteine (the 21st amino acid), which when incorporated into selenoproteins, protects tissues and membranes from oxidative stress and controls cell redox status. This complex insertion machinery for selenoprotein production has implications for the selenium requirements for cancer prevention. Selenium has been identified to be an integral part of more than 30 distinct selenoproteins, including the enzyme particularly glutathione peroxidase, a group of antioxidant that help in the protection of the body cells from the damage caused by  free radicals. Selenium occurs in both organic and inorganic forms. Among the inorganic forms  (i.e selenate, selenide, selenite), the selenide form is more frequently found in food supply. The organic form includes selenomethionine and selenocysteine found in plants and animals respecctively. Rather than selenocysteine being directly incorporated into selenoproteins such as glutathione peroxidase during that protein’s synthesis, selenium is incorporated via a post translational process involving the modification of a serine residue ; the selenium that is inserted is derived from the inorganic selenium pool. More specifically, selenium is obtained from hydrogen selenide, a highly reactive intermediate generated during the detoxification of selenium for its ultimate elimination from the body as either dimethyl selenide via exhalation from the lung or the trimethylselenomium ion excreted in the urine. In humans, plasma selenium concentrations of 1.12 uM are generally considered sufficient to support full tissue expression of glutathione peroxidase. It is around the metabolism of selenium that divergent evidence exists about the probable mechanisms that could account for any effects of supplemental selenium on the carcinogenic process. Evidence is accruing that the level of intake of selenium affects the risk of cancer and may even inhibit its spread from a primary tumors. Interest in selenium as potential anticarcinogenic agent was particularly stirred a decade later based on an inverse relationship of cancer mortality rates and forage crop selenium contents in the United States. In the Nutritional Prevention of Cancer trial, a prospective study of the effects of selenium supplementation (200 ug of selenium as brewer’s yeast, approximately four times the recommended daily value of 55 ug/day) on the occurrence of second primary non melanoma skin cancers, Clark and coworkers reported no effect of selenium supplementation on the incidence of second skin cancers, but these investigators did find evidence of a significant reduction in the incidence of and mortality from prostate, colon and lung cancer. After that, the body of scientific evidence developed since that observation indicates that selenium (as a risk modifier) can, indeed, play a role in cancer prevention for some, but not all, cancers. Some studies found selenium status to be inversely associated with cancer risk. The results have strengthened the plausible proposal that selenium, as a nutritional supplement, is a safe and effective preventive agent against the genesis of solid cancers in multiple organ sites, particularly in the prostate, colon, and lung. A series of recently published papers have documented critical interactions between the baseline plasma selenium level and the risk reduction by selenium supplement on cancers of the prostate and lung.

METABOLISM OF SELENIUM

The majority of Se is absorbed in the duodenum followed by jejenum and ileum but none in the stomach. It is transported across the intestinal brush border actively or passively. The type of absorption depends on the source of selenium in diet. Inorganic source are absorbed by simple diffusion process, while organic source are actively absorbed via amino acid transport mechanism.

First of all selenate is converted to selenite. Then selenite is non- enzymaticaly reduced via, formation of selenodigluthatione (GS- Se- SG) to selenide. Now, selenide may have several different options. Selenide plays important role in the mixed function oxidase system of microsomal and other cellular membrane methylation of selenide from methylselenol (CH3SeH) which then form dimethylselenide or trimethylselenonium ion (CH3)x SeH. Selenide can also bind to the Se binding protein or it can be a substrate for selenophosphate synthase for the TRAN mediated synthesis of selenoprotein. The last step converts inorganic Se into the organic form of Se that are found in the tissue of mammals.

The dietary selenomethionine can be metabolised to Se- adenosyl methionine (SeAM) and further to Se- adenosyl homocysteine (SeAH) then the SeAH is converted to selenocysteine by the enzymatic activity of cystathione Beta- synthase and cystathione gamma lyase. Also, selenocysteine can be incorporated into proteins or degraded, releasing the selenite or it can be degraded by selenocysteine lyase enzyme, releasing elemental Se which can be reduced to selenide. Another fate of selenomethionine is to be transaminated to methylselenol then be transformed to selenide through S- methyltransferase.

MECHANISM OF ACTION

The anticarcinogenic effects of selenium compounds constitute intermediate mechanisms with several underlying chemical/biochemical mechanisms such as redox cycling, alteration of protein thiol redox status and methionine mimicry. Studies in mechanisms have indicated that the metabolite pool of methylselenol has a lot of desirable attributes for chemoprevention by targeting both epithelial and vascular endothelial cells of cancers. Recent studies in a variety of model systems have increased the understanding of the anticarcinogenic mechanisms of selenium compounds. These include effects on gene expression, DNA damage and repair, signaling pathways, regulation of cell cycle and apoptosis, metastasis and angiogenesis. These effects would appear to be related to the production of reactive oxygen species produced by the redox cycling, modification of protein-thiols and methionine mimicry. Three principle selenium metabolites appear to execute these effects:hydrogen selenide, methylselenol and selenomethionine. 

In the human body, the oxidation and reduction processes are very necessary and thus gaining and losing of an electron keeps the body process in a proper function. During respiration, various peroxides, including hydrogen peroxide are produced in the body which can be harmful to the body as they can lead to generation of free radicals which can damage or destroy cells.

The glutathione peroxide helps to protect the body from these harmful peroxides. The enzyme catalyze a reaction that removes hydrogen peroxide from erythrocytes via reduced glutathione. Selenium is the integral part of glutathione peroxide. Glutathione and glutathione membrane phospholipid protect the unsaturated bond of membrane phospholipid from the attack of free radicals. Being a component of GSH- per selenium also act as a second line of defence against cellular peroxide damage due to the inability of vitamin E to destroy all metabolic peroxides. Most times, selenium and vitamin E are mutually replaceable and each acts as a sparing mechanism for the other.

(2)

Vanadium is a trace mineral that is present in many foods and may be essential, in small amounts, in the body. It may be involved in normal bone growth. However, it may have an effect on blood sugar in people with diabetes. Vanadium, atomic number 23, atomic weight 50.94, is a first row transition metal that shows a wide range of oxidation states in monomeric, oligomeric, and polymeric species in solution. It exists in oxidation states of −1, 0, +2, +3, +4, and +5; the latter two are stable solution structures at physiological pH: vanadyl (+4) and vanadate (+5). The oral administration of inorganic vanadium salts have shown antidiabetic activity. Vanadium compounds show insulin-like effects in vivo and in vitro. Vanadium is an essential trace element of unknown function in cellular regulation and an indigenous constituent of most mammalian tissues. Vanadate has insulin-like effects on the metabolism of glucose both in vivo and in vitro in various tissues. Vanadium salts such as Na3VO4, NaVO3, VOSO4, VO (acac)2, and VO (Et-acac)2 mimic several of the metabolic and growth-promoting effects of insulin. Vanadium salts like sodium orthovanadate, sodium metavanadate, and vandyl sulfate have action like insulin and they lower blood glucose levels in various animal models and have potential as hypoglycemic agents. Recently, vanadium salts like VO(acac)2 and VO(Et-acac)2 have been reported to have in vivo insulin-like effects in diabetic Wistar rats. Further, the organic form of vanadium is recognized as safer and more absorbable, and able to deliver a therapeutic effect; as a result, numerous organic complexes of vanadium have been developed. Vanadium activates the glycogen synthase and tyrosine kinase activity of the insulin receptor in adipocytes. It increases the concentration of fructose 2,6-biphosphate and activates glycolysis in hepatocytes. Vanadium also stimulates glycogen synthesis in muscle. Vanadium compounds, in particular organic derivatives, are effective oral insulinomimetics, which inhibit lipolysis, decrease blood glucose levels (BGL) in animals and in clinical trials, and stimulate insulin secretion in experimental models of Diabetes Mellitus (DM). Although mechanisms of the insulin mimetic effect of vanadium complexes still have to be clarified, their ability to sensitize peripheral tissues to insulin and to reduce insulin resistance attracts significant attention in the context of their potential use for the treatment of Diabetes Type 1 (DM1), Diabetes Type 2 (DM2) and obesity.

Vanadium compounds have been developed as drugs for treatment of Diabetes, Hypertension, Ischemia and Myocardial Stroke. The major problem limiting further clinical applications of inorganic vanadium compounds is a low oral absorption (1–10%). However, it was shown that the oral bioavailability of vanadium complexes with organic ligands exceeded 20–40%, which can be considered as acceptable level of bioavailability.

(3)

Cisplatin is an anti-cancer ("antineoplastic" or "cytotoxic") chemotherapy drug. This medication is classified as an "alkylating agent."Cisplatin is clinically proven to combat different types of cancers including sarcomas, cancers of soft tissue, bones, muscles, and blood vessels. Cisplatin (CAS No. 15663-27-1, MF-Cl2H6N2Pt; NCF-119875), cisplatinum, also called cis-diamminedichloroplatinum(II), is a metallic (platinum) coordination compound with a square planar geometry. It is a white or deep yellow to yellow-orange crystalline powder at room temperature. It is slightly soluble in water and soluble in dimethylprimanide and N,N-dimethylformamide. Cisplatin is stable under normal temperatures and pressures, but may transform slowly over time to the trans-isomer (IARC 1981, Akron 2009). Cisplatin has a molecular weight of 301.1 gm/mol, a density of 3.74 g/cm3, a melting point of 270° C, a log Kow of -2.19 and a water solubility of 2.53 g/L at 25° C (HSDB 2009).
Cisplatin was first synthesized by M. Peyrone in 1844 and its chemical structure was first elucidated by Alfred Werner in 1893. However, the compound did not gain scientific investigations until the 1960's when the initial observations of Rosenberg at Michigan State University pointed out that certain electrolysis products of platinum mesh electrodes were capable of inhibiting cell division in Escherichia coli created much interest in the possible use of these products in cancer chemotherapy. Since the identification of cis-dichlorodiammineplatinum (II) (cisplatin, r) as the agent responsible for this activity, much interest has been generated in the use of coordination complexes of platinum, palladium, and other noble metals in the treatment of cancer.

Cisplatin is believed to kill cancer cells by binding to DNA and interfering with its repair mechanism, eventually leading to cell death. The first step in the process (after the cisplatin molecule penetrates the cell membrane intact) is for a molecule of water to replace one of the chloride ions. The resulting structure can then bind to a single nitrogen on a DNA nucleotide. Then, the second chloride is replaced by another H2O and the platinum binds to a second nucleotide. Binding studies of cisplatin with DNA have indicated a preference for nitrogen 7 on two adjacent guanines on the same strand. It also binds to adenine and across strands to a lesser extent. The cisplatin-DNA complex attracts the attention of HMG (high mobility group)-1 and other DNA repair proteins which become irreversibly bound. The resulting distortion to the shape of the DNA prevents effective repair. (The trans isomer of cisplatin is unable to form 1,2 intrastrand links and lacks antineoplastic activity). Other antineoplastic agents, such as etoposide, contribute to the platinum-DNA-protein complex and thus synergistically reinforce the activity of cisplatin.
