	Name
	Chemically
	Food Source
	Absorption
	Functions
	Deficiency
	Unit
	Toxicity

	Vitamin A
	Retinol Beta-ionone ring with unsat side chain, retinal & retinoic acid
	Yellow & green vegetables, alpha/beta/gamma carotenes, cryptoxanthin in yellow corn, beta carotene generates 2 retinols, preformed only of animal origin
	Esterified with palmitic acid, hydrolyzed by pancreatic enzymes, absorbed as retinol, provitamin absorbed intact with bile salts, beta carotene cleaved by 15,15 dioxygenase, retinol binding protein and prealbumin to enter circulation
	Vision
Maintenance of  epithelial cells – shift to mucous producing cells

Retinoic acid is ligand for nuclear receptors as transcription factors
	Night blindness, nyctalopia, xeropthalmia, ulceration and loss of intraocular fluid,  bitot’s spots, susceptibility to infections and carcinogenesis
	1 ug retinol = 3.3 IU
	Destroys cell membranes, bone fragility, headache, double vision, vomiting, loss of appetite, weakness, dermatitis 

	Vitamin D
	Similar to steroids but ring B absent, precursors ergosterol, 7-dehydrocholesterol, active form ergocalciferol and cholecalciferol
	Butter, egg yolk, liver, best sources fish liver oil and salt water fish
	Absorbed with fat, transformed in liver with –OH added at C25(25hydorylase), second –OH added in kidney (mitochondrial 1-hydoxylase) active form is 1,25 “calcitriol” 
	Intestine – synthesis or calcium binding and phosphorous binding proteins, Bone – PTH stimulates release of Ca into blood, Kidney – PTH controls reabsorption of Ca in distal tubule, immune function, multiplesclerosis, RA, muscle pain, cancer
	Defective bone formation, rickets in children, osteomalacia, vit D resistant rickets – defect in 1-hydroxylase in kidney, chronic renal failure, renal osteodystrophy, PTH disease
	.025ug
=IU
	Most toxic of all, deposition of calcium in organs

	Vitamin E
	Isoprenoid chain derivative of 6-chromanol, 4 tocopherols and 4 tocotrienols differ in methyl groups, alpha tocopherol most active
	Vegetable oils, small amount in seeds and cereal grains
	Requires bile and fat in SI, tissues unmodified
	Lipid anti-oxidant, protects cellular & subcellular membranes from free radicals, prevents nonenzymatic oxidation of PUFA
	Membrane dysfunction, decrease in RBC survival time, hemolytic anemia,

thrombocytopenia
	One mg alpha-tocopherol = 1 TE
	Least toxic

	Vitamin K
	K1 in green plants (phytyl menaquinone), K2 in bacteria, menaquinone side chains with variable isoprenoid units, K3 – mednadione, synthetic
	Green leafy vegetables, microbiological flora in gut
	Requires bile and pancreatic juice
	Cofactor for carboxylase for glu to gla in blood clotting factors, and plasma proteins, including osteocalcin
	Rare, hemorrhage, prolonged blood clotting time and hypoprothrombinemia
Dicumarol and warfain are antagonists, antibiotics sterilize gut
	
	nontoxic

	Thiamin B1
	
	Phosphorylated form from animals and free from vegetables, richest source is cereal grain
	
	Conversion thiamin to thiamin pyrophosphate “cocarboxylase”, needed for decarboxylation of alpha-keto acids, needed for transketolase
	Accumulation of pyruvic and lactic acids in blood and brain, weakness, anorexia, weight loss, defect in energy metabolism, defect in synthetic rxns, membrane functions impaired, neuronal impairments, Beriberi, Wernicke-Korsakoff
	
	

	Riboflavin B2
	
	Plant and animal tissue, milk eggs, liver, kidney and green leafy vegetables
	
	Part of FMN and FAD, tissue respiration via ETC, amino acid oxidases, xanthine oxidase, cytochrome c reductase, succinic dehydrogenase, glutathione reductase, thyroid increases activity of flavokinase
	Burning of lips, mouth, tongue swollen, reddened tongue, glossitis, cheilosis 
	
	

	Niacin
	
	Cereal grains, legumes, meat, peanuts, 60mg Typ = 1mg niacin, requires B6 if none xanthurenic acid is excreted in urine, niacitin is carbohydrate bound form in corn
	
	Part of NAD and NADP which accept or release hydrogen ions, required for dehyrogenase, part of glucose tolerance factor
Increases HDL and lowers TG, Niacinamide for clinical depression
	Pellagra, dermatitis, diarrhea, depression, death, caused by excessive leucine or isoniazid, Hartnup disease has symptoms of Pellagra
	
	

	Pantothenic Acid
	
	Widely distributed, yeast, liver, eggs
	
	Part of coenzyme A and acyl carrier protein, metabolism of carbohydrate fat and protein, essentrial for metabolism and FA synthesis
	W methyl pantothenic acid cause deficiency, depression, vomiting, malaise, sleep problems, burning foot syndrome, neurological and mental problems
	
	

	Biotin
	
	Widely distributed
	
	Prosthetic group of many carboxylases, catalyzes ATP dependent CO2 fixation reaction with HCO3, biosynthesis and utilization of glucose, FA and AA, bound to amino group of Lys in carboxylases “biocytin” cleaved by biotinidase
	Alopecia, extensive dermatitis 
	
	

	Folic Acid
	Two-ringed nitrogenous pteridine, p-aminobenzoic acid and glutamic acid, pteryl glutamic acis. Yellow-crystalline substance, stable in acid, unstable when heated in neutral/alkaline 
	All natural foods, yeast liver, fresh green vegetables, lettuce
	Present in food as polyglutamate with 3 to 7 residues, conjugase splits off extra glutamate residues, absorbed in jejunum and converted to tetrahydrofolate and methylated, stored in liver as polyglutamate
	Tetrahydrofolate is the active form, coenzyme, acceptor and donor of one carbon units with purine and thymidine synthesis and conversion of histidine-glutamate, serine-glycine, homocysteine-methionine
	Inhibited by aminopterin and amethopterin (cancer treatments), structural analogs compete for dihydrofolate reductase, pyrimethamine, trimethoprim (antimalerials), sulfonamides (treat infections) – Macrocytic, megaloblastic anemia, deficiency during pregnancy NTD, oral contraceptives and alcohol increase deficiency
	
	

	Vitamin B12
	Red crystalline substance, resistant to heat, porphyrin-like corrin ring, ribonucleotide with 5.6 dimethylbenzimidazole linked to ribose
	Synthesized by microorganisms, absent in fruits and vegetables and grains, meat seafood, eggs, milk
	Bound to protein in food, rapid binders needed for transport in SI, Intrinsic factor needed for absorption, transcobalamins are transport proteins
	Two coenzyme forms, methylcobalamin, 5-deoxyadenosyl cobalmin (coenzyme B12), Methylcobalmin converts homocys to met, Methyl folate trap, helps decrease homocysteine and lessen CVD risk, conversion uridylic to thymidylic acid, methyl malonyl CoA to succinyl CoA with mutase enzyme
	Macrocytic, megaloblastic anemia, pernicious anemia (no IF), disorder of Nervous system, defect of transport may cause defiency 
	
	

	Pyridoxine
Vitamin B6

H2O
	
	Widely distributed, animals – pyridoxal and pyridoxamine
Beef, chicken, pork, fish, bananas, nuts, soybean
	Phosphorylated form requires hydrolosis by phosphatases, free form goes passively into jejunum, phosphorylated, PNP/PMP are oxidized by flavin dependent oxidase to PLP, dephosphorylated to free form
	PLP is coenzyme most involving synthesis and catabolism of AA, amino transferases, and decarboxylases, Trp metabolism, required for ALAS (rate limiting enzyme in porphyrin biosynthesis)
	Increase excretion of xanthurenic acid in urine, hypochromic, microcytic anemia, weakness, nervousness, irritability and seizures, alcohol, OC, isonicotinic acid hydrazide, B6 antagonist causes – defective ALAS impairs heme synthesis, defective glutamate decarboxylase  reduces GABA, convulsions and brain damage 
	
	Excess is converted to 4-pyridoxic acid, excreted in urine

	Vitamin C
H2O
	
	Fruits, citrus, berries, tomoatoes, green vegetables, parsley, lettuce, green pepper
	Upper SI, large doses absorption fails
	Protects, regulates, facilitates biological enzyme processes, reducing agent in hydroxylation reactions, formation of tissue collagen, hydroxyproline and hyrdoxylysine, facilitate absorption of iron
	Usually synthesized from glucose with L-gluconolactone oxidase, not in humans, deficiency causes scurvy, aching joints, bones and muscles, impaired capillary integrity, subcutaneous hemorrhage, perifollicular hyperkeratosis and bleeding gums, anorexia, anemia
	
	

	Iron
	
	Liver, egg yolk, fish, whole wheat, beans, figs and green vegetables
	Upper part of SI
	Hb, transport of body Oz, myoglobin, cytochromes, peroxidase and catalase need iron
	Hypochromic microcytic anemia, decrease in serum ferritin
Body absorbs too much irom, Hemosiderosis denotes increase in iron storage, high levels produce free radicals, lipid peroxidation
	
	

	Copper
	
	Liver, kidney, shellfish, raisins, dried legumes
	Upper part of SI
	Ceruloplasmin involved in iron metabolism, cytochrome oxidase, lysyl oxidase, superoxide dismutase and cupro-enzymes, metabolic role
	Rare 
Microcytic anemia, leucopenia, shortens life span of RBC, demineralization of bones and fragility of large arteries due to defect in collagen and ellastin

Low blood cell count, energy production defect, bone abnormalities and defect in collage synthesis

Wilson’s disease – excess Cu, fall is serum Cu and curoloplasmin

Menke’s kinky hair syndrome defect in transport to blood
	
	

	Cobalt
	
	Part of B12
	Treatment of anemia
	
	
	
	In excess cardio myopathy

	Zinc
	
	Meat eggs seafood
	Related to synthesis of intestinal metallothionein, cysteine rich protein that binds zinc, copper and divalent cations, deficiency increases release of zinc in portal circulation, more affinity for Cu than Zn
	Carbonic anhydrase,  carboxypeptidase, alcohol dehydrogenase, superoxide dismutase, DNA/RNA polymerase, thymidine kinase, alkaline phosphatase all Zn metalloenzymes
	Mild anemia, growth retardation, anorexia, dermatitis, hypogonadism, alopecia, decreased taste and smell, depressed immune fxn, often in chronic alcoholism, inborn Zn deficiency: Acrodermatitis, enteropathica – abnormality or Zn absorption, rare genetic, dermatitis in acral distribution, diarrhea, infection, death
	
	Cu deficiency if too much Zn

	Manganese
	
	Tea, grains, cereal, fruits and vegetables, dairy and meat have little
	
	Part of pyruvate carboxylase, mitochondrial superoxide dismutase, required for activation of glycosyl transferase, activates phosphatase, needed for normal skeletal and CT development
	Not reported in humans, finely scaling, minimally erythematous rash, miliaria crystalline, decrease in HDL, increase in serum calcium and phosphorus, contributes to osteoporosis
	
	

	Iodine
	
	Vegetables from costal areas, seafood
	
	Component of thyroid hormones, cellular oxidation, cell differentiation and growth
	Simple or endemic goiter, cretinism, myxedema
	
	

	Molybdenum
	
	Dairy, dried legumes, organ meats, grain
	
	Molecular structure of flavoproteins, xanthine oxidase and aldehyde oxidase, sulfite oxidase
	No deficiency, inborn error of sulfite oxidase and parenteral nutrition – neurological disease, mental retardation, abnormal pattern of sulfur excretion in urine
	
	

	Selenium
	
	Seafood, meat, cereal, dairy
	
	Component of glutathione peroxidase, iodothyronine 5’ – deiodinase
	Chronic muscle pain, cardiomyopathy, skeletal muscle weakness, Keshan disease, inverse relationship between plasma selenium and atherosclerosis and high cancer rate
	
	

	Chromium
	
	Brewer’s yeast, black pepper, shellfish, meat, cheese, whole grain, unrefined brown sugar
	
	Maintenance of normal glucose tolerance
	Glucose intolerance, insulin resistance can be prevented and cured by chromium, inverse relationship between chromium or aortas and incidence of coronary heart disease
	
	

	Fluroine
	
	Tea, sardines, minute amounts in all foods and water
	
	Found in teeth and skeleton, protects against dental caries
	Not proven essential, high rates of dental caries found, osteoporosis
	
	Acute toxicity is rare, mottling or discoloration of tooth enamel, not harmful, adversely affects skeleton 


