NATURAL ANTIOXIDANTS
HYDROPHILLIC ANTIOXIDANTS
ASCORBIC ACID – VITAMIN C
AA is easy oxidised to dehydroascorbic acid (DAA)
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Therefore, AA can protect other compounds against oxidation

DAA is unstable, easy hydrolysed (opening of lactone ring), products already have not a vitamin activity

Function in organism

Anti-scorbutic factor
· co-enzyme of prolylhydroxylase;
· it catalyze hydroxylation of proline and formation of net structure of collagen from globular (water soluble) proto-collagen, which is formed in liver;
· this reaction ensure good function of ligament tissue

· minimal intake for scorbut prevention – about 10 – 30 mg per day

Anti-oxidant

· inactivation of reactive oxygen compounds, e.g. free radicals
· reduction of some oxidation products

· therefore, certain protective effect against tumor and atherogenesis

Recommended daily intake
· minimum: 10 – 30 mg (see above)

· general recommendations: about 70 mg per day

· human with higher necessity (smokers; people in the cities with strong automobile transport; brainworkers; managers; sportsmen): to 200 and more mg per day

Sources of ascorbic acid

fruits – apple, kiwi, mango, citrus fruits, black currant ...
vegetables – cabbage, capsicum, lettuce .....

potatoes

fortification of fruits products (juices, jam ...) by synthetic ascorbic acid

Possibility of lipid protection

Ascorbic acid must be chemically transformed to lipophillic compound – after reaction (esterification) with fatty acid – depside bond

Ascorbyl palmitate is mainly used as lipid antioxidant

BIOFLAVONOIDS
Something called as vitamin P – phenols, flavonoids, terpenes etc.
Structure of most active compounds
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Lower, but significant amounts it is possible to found in some vegetables, lower amount in fruits
Rutin and its aglycone quercetin are most significant flavonoids from vegetables 
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Some herbs contain very high concentrations of antioxidative bioflavonoids
Rosemary; sage; oregano; saturea; thyme; mentha .... 
Leafs of strawberries, raspberries, blackberries

Example of very active compounds: Rosmarinic acid, Carnosic acid

Flavonoids are able in foods and also in organism to reduce of dehydroascorbic acid back to ascorbic acid

UBIQUINONES
Coenzymes Qn, CoQn
Group of 12 compounds of plant or animal origin

Structure and physiology effects are similar to vitamin E

Ubiquinones are important for course of redox reactions in aerobe metabolism

Well-known is Coenzyme Q10, which is often used in cosmetics

AMINO ACIDS AND PEPTIDES WITH FREE THIOL GROUP
For example cysteine or glutathione

Compounds are able to easy oxidation:

2 R-SH  → R-S-S-R

Similar as flavonoids, compounds are able to reduce of oxidation form of ascorbic acid

LIPOPHILIC ANTIOXIDANTS
TOCOPHEROLS – VITAMIN E
8 compounds with the vitamin E activity – 4 tocopherols, 4 tocotrienols

Structure
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R1 = R2 = R3 = CH3           α - tokotrienol

R1 = R3 = CH3, R2 = H       β - tokotrienol

R1 = H, R2 = R3 = CH3       γ - tokotrienol

R1 = R2 = H, R3 = CH3       δ – tokotrienol
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R1 = R2 = R3 = CH3           α - tokoferol

R1 = R3 = CH3, R2 = H       β - tokoferol

R1 = H, R2 = R3 = CH3       γ - tokoferol

R1 = R2 = H, R3 = CH3       δ – tokoferol

Tocopherols are stronger antioxidants than tocotrienols  (about 100 : 1)

Function 
in organism - antioxidant 

· inactivation of free radicals and singlet oxygen

in foods – antioxidant

· reduction of hydroperoxides to hydroxy derivatives

· tocopherols are oxidized to quinones

· quinones can be reduce back to tocopherols by other antioxidants (ascorbic acid, glutathion and mainly glutathion peroxidase)
Recommended daily intake

10 – 20 mg;   higher necessity with higher intake of polyenoic fatty acids
Sources

Tocotrienols: mainly germinated wheat

Tocopherols: mainly plant oils – natural content 10 – 100 mg / kg; (-tocopherol is often added to oils as (-tocopheryl acetate

Insufficiency

Various symptoms connect with the influence of free radicals

Strong insufficiency – liver necrosis (extinction of liver cells) or metabolic troubles of muscles and nerves (myopathy, encephalomalacy)
CAROTENOIDS
Retinoids (c. with vitamin A activity; e.g. ß-carotene): weak or none antioxidant activity
Other carotenoids with strong antioxidant activity:

· some xanthophyls, e.g. canthaxanthin or lutein
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lutein
· some carotenes, e.g. lycopene or phytoene
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lycopene

Function in organism: 

Strong activity mainly against singlet oxygen, partially against free radicals

Sources

Xanthophyls: capsicum, pepper, spinach, carrot (3 – 150 mg / kg)

Lycopene: tomatoes (20 – 700 mg / kg)

VITAMINS
Biocatalyst
History

· A new group, from the end of 19th century; 

· organic compounds with specific physiological effect

Partition

· Hydrophylic v. (soluble in water)

· Lipophilic v. (soluble in fats)

Problematic

· Higher necessity

· Resorption

Content in the body

· Avitaminosis - strong deficiency with specific physiological effect

· Hypovitaminosis – deficiency with non-specific symptoms

· Hypervitaminosis – excessive intake – from food is practically unpossible – problem of synthetic preparates
LIPOPHILLIC VITAMINS
Vitamin A  (retinol) and carotenoids

Vitamin D

Vitamin E

Vitamin K

VITAMIN A
Retinol
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Provitamins (precursors): retinoids – about 50 naturally occurring compounds

(-carotene, (-carotene
(-carotene
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xanthophyls: 

echinenon,  (-kryptoxanthin, (-apo-8´-karotenal
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    carotenase
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6 (g of (-carotene or 12 (g other retinoids                1 (g of retinol

Recommended daily intake: 1,5 mg of retinol

Pharmaceutical preparations or food supplements – sometimes concentration is described in International Units (IU)

1 IU  =  0,3 (g retinol  =  0,33 (g retinolacetate
Sources:
retinol: fish oil, liver, eggs, milk
retinoids: fruits (apricot, peach), vegetables (carrot, spinach, other leaves vegetables) 
margarins
Insufficience: eye disorders, mucous disorders
Antivitamin: lipoxygenase (oxidation)
VITAMIN D
Calcipherols – cholecalcipherol  D3; ergocalcipherol D2   
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Precursors: 7-dehydrocholesterol (animal skin); ergosterol (yeast, mushroom)
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skin; UV  280-320 nm



     liver



    kidneys
cholecalcipherol  
    25-hydroxycholecalcipherol  

1(,25-dihydrocholecalcipherol (calcifetriol; calcitriol  - hormone)

Calcitriol stimulate  calcium and phosphate resorption from intestine. It regulate, together with hormone calcitonin and parathormone, the calcium metabolism (resorption, insertion to skeleton bone, excretion)
Recommended daily intake: 5 – 10 (g/den





      children, pregnancy and lactating women
1 IU = 0,025 (g calcipherolu

Source: fish oil, fat fish meat and liver, egg yellow, butter, milk 
Insufficience: rachitis (crooked bone), osteomalacia (bone softening)
Hypervitaminose: hypercalcemia
Hydrophillic vitamins
2 groups:

· Vitamins of group B

· Ascorbic acid

Vitamins of group B
Sources

· Usual mixed diets – mostly sufficient intake

· Liver and other entrails; meat; (milk; eggs); yeasts, dark flour and others

Problems

· B12 – kobalamine (vegetarians); 

· folic acid (pregnancy)

Nutrition studies

· Monitoring of thiamine, riboflavine, pyridoxine

· In the case of sufficient intake  -  real presumption of other vitamins sufficiency

Thiamine  B1

Form in organism:       Thiamin diphosphate

Function in organism: 

· Activater of some enzymes of energy metabolism

Necessity
1,5 – 2 mg / day  (higher for brain-workers, sportsmen, at alcoholism)

Deficiency

· Weak: disorders in energy metabolism

· Strong: disorders in nervous and cardiovascular systém: Beri-Beri

Stability: 
middle

Riboflavine   B2

Form in organism:  FAD, FMN, flavoproteins

Function in organism: 

· Co-factor of oxidoreductases (predominant enzymes of energy metabolism)

Necessity
1,5 – 2 mg / day  (higher for breast-feeding mothers – about 3 mg – losses with breast-milk)

Main source: milk

Deficiency

· Weak: inflammations in skin and mucous membrane

· Strong: is not known

Stability: 
middle - sensitive to light

Nicotinic acid        PP factor

Form in organism: Nicotine amide; NADH (nicotine amide adenine dinucleotide) and similar

Function in organism: 

· Main co-factor of oxidoreductases – main influence on energy metabolism

Necessity
10 – 20 mg / day  

Deficiency

· Weak: is not known 

· Strong: Disease Pellagra (1. level. disorders at skin; 2. disorders at digesting system;  3. dementia; 4. exitus)

Stability: 
high

Bounded forms: e.g. Niacitin in maize – markedly decrease resorption of niacin

Pyridoxine   B6

Form in organism:  Pyridoxal phosphate

Function in organism: 

Co-factor of various enzymes:

· Phosphorylases: glycogene decomposition to glucose

· Transaminases, amino acid decarboxylases: amino acid metabolism in liver

Necessity
About 2 mg / day  

Deficiency

· Weak: is not known

· Strong: is not known

Stability: 
high

Pantothenic acid   B5

Form in organism:  Acetyl coenzyme A; Acyl carrier protein

Function in organism: 

· Transport of acyl-groups (R-CO-) in organism

· Necessary for energy metabolim – citric acid cycle; β-oxidation of fatty acids
Necessity
10 - 15 mg / day  

Deficiency

· Weak: is not known

· Strong: is not known

Stability: 
high

Folacine     Folic acid   B9

Form in organism:  Reduced forms

Function in organism: 

· Transport of 1C-groups (H-CO-; CH3-,HO-CH2-) in organism

· Necessary mainly for amino acid metabolim – formation of purine derivatives, creatine …
Necessity
About 200 mcg / day  

Higher necessity for pregnancy (mainly in 1st and second months) women (to 600 – 900 mcg; suitable using of food supplements)

Main source: leaf vegetables, cauliflower, brocolli, cereals

Deficiency:  Anemia – low formation of erythrocytes

Stability: 
middle

Cobalamine   B12

Form in organism:  Cobamides (bound to adenosine)

Function in organism: 

· Co-enzyme of various enzymes; e.g. Isomerases

· Necessary for erythrocyte formation
Necessity
About 3 mcg / day  

Cobamides is stored in liver – amount to 7 years

Main source: 

· Animal foods only – meat, liver, milk, eggs

· Source from plants: only beer (brewery yeasts produce cobalamine)

· Problem of strictly vegetarian diets

Deficiency:  Disorders of nervous system; Anaemia – low formation of erythrocytes

Stability: 
high

Resorption: Influence of Castle´s intrinsic factor – formed in stomach

Biotin      H

Form in organism:  Bounded to lysine in proteins

Function in organism: 

· Co-enzyme of carboxylase – amino acid metabolism; energy metabolism
Necessity
150 - 300 mcg / day  

Main source: 

Liver, kidney, spinach, soya

Deficiency

is not known

Stability: 
low

Alpha - lipooic   acid

Form in organism:  6,8-dithiooctanoic acid)

Function in organism: 

· Regulation of energy metabolism – together with NADH – only estimation – function is uncertain and mechanism is unclean

· Very strong antioxidant - >> ascorbic acid
Necessity
Do not known

Main source: meat, cereals

Deficiency: 

Do not known 

Stability: 
low

Pangamoic  acid      B15

Function in organism: 

Creatine synthesis; lipotropic factor (formation of VLDL in liver)
Necessity:   ???

Main source: sufficient content in usual foods
Deficiency: is not known

Orotic acid

Function in organism: ???

Necessity:   ???

Main source: sufficient content in usual foods
Deficiency: ???

Note: It is uncertain, if o.a. is vitamin; only presumption

Choline

Function in organism: 

Transport of CH3- group; acetycholine (important in nervous system); phosphatidyl choline (lecithin); lipotropic factor
Necessity:   1 to 2 grams / day   (vitamin  ???)

Main source: edible oils, legumes, cereals, meat, eggs
Deficiency: liver steatosis, cirrhosis

Myoinositol

(Myo- hexahydro cyclohexane)


Function in organism: lipotropic factor 

Necessity:   1 grams / day   (vitamin  ???)

Main source: sufficient content in usual foods
Deficiency: ???
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