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Introduction

• Nutrients and diseases

- Scurvy – Great Explorations (1400s)

- 19th centrury chemistry becomes powerful
Organic Chemistry - Justus Liebig’s theory of nutrition
J. B. H. Dumas (1871) – it did  not work with infants
N. I. Lunin – mice exp. milk but not artifical formula

- first concept of deficiency diseases

- deficiency diseases in 18th century (Casal, 1755) – pellagra

- Takaki, 1882, Japanese navy beri-beri problems, German diet
“cured” conclusion: protein deficiency

- J. Goldberger, US PHS, still pellagra – milk/eggs “cured”
conclusion: the disease is due to the lack of dietary factors
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• Nutrients and dieseases

- 1912 C. Funk: rice husk “cures” beri beri
isolated the material from the husk named it “vitamines”
(vital amines)

- 1920 e was dropped – not all vitamins are amines

- 1920s vitamins A, B, D

- 1930s vitamin C

- 1930s-40s, W. Castle pernicious anaemia – B12

- 1950s – present : processed food, junk food
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Biomedical Importance

• Vitamins – organic nutrients required in small quantities to 
maintain metabolic integrity

- lipid soluble vitamins (ADEK)

- water soluble vitamins (BHC + niacin)

- structurally heterogeneous

- multiple deficiency states
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Determination of Micronutrients

• Criteria of adequacy

- usually broad ranges – clinical deficiency to  toxicity
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Lipid-Soluble Vitamins

• VITAMIN A

- Two groups : a) retinol, retinal; b) retinoic acid (Vitamin A)

α-carotene

β-carotene

lycopene
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• VITAMIN A

Lipid-Soluble Vitamins

retinol retinal

All-trans-retinoic acid

(Tretinoin)

9-cis-retinoic acid

(Alitretinoin)
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Lipid-Soluble Vitamins

• VITAMIN A

- role in vision
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• VITAMIN A

- role in vision

Lipid-Soluble Vitamins
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Lipid-Soluble Vitamins

• VITAMIN A

- deficiency: blindness

loss of sensitivity to green light

night blidness

xerophthalmia

- excess: TOXIC

liver problems

calcium homeostasis, hypercalcemia
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Lipid-Soluble Vitamins

• VITAMIN D

- not really a vitamin, rather a hormone
- can be synthesized in the skin (major source!)
- role in rickets development E. Mellanby, 1919
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Lipid-Soluble Vitamins

• VITAMIN D

- its metabolism is regulated by/regulates Calcium homeostasi
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• VITAMIN D

- deficiency:

risk factors: - exclusively breast

fed infants

- dark skin

- aging

- religious/cultural reasons

- cyctic fibrosis/cholestatic liver disease

- obesity

- diseases

- rickets

- osteomalacia

- muscle wekaness/pain

Lipid-Soluble Vitamins
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• VITAMIN D

- excess: TOXIC

hypervitaminosis D

daily intake: 400 IU   toxic above ~ 40,000 IU

hypercalcemia

anorexia, nausea

polyuria etc.

Lipid-Soluble Vitamins
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Lipid-Soluble Vitamins

• VITAMIN E

- H. M. Evans, 1922 – its lack caused infertility problems in rats
- no precisely defined metabolic function
- lipid soluble antioxidant
- two groups of compounds

“pregnancy carrier”



Lipid-Soluble Vitamins

• VITAMIN E

- α, β, γ, δ forms 
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Lipid-Soluble Vitamins

• VITAMIN E

- the major lipid-soluble antioxidant in cell membranes and 
plasma lipoproteins 
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Lipid-Soluble Vitamins

• VITAMIN E

- deficiency: 

resorption of fetuses

testicular atrophy

premature birth  

- excess: slightly TOXIC

heart failure
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Lipid-Soluble Vitamins

• VITAMIN K

- “koagulations” vitamin

- required for the synthesis of blood 

clotting proteins

- H. Dam, 1929, E. A. Doisy 1930s
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Lipid-Soluble Vitamins

• VITAMIN K

- “koagulations” vitamin
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warfarin

• VITAMIN K

- antidote to warfarin

- important in the synthesis of calcium binding proteins

- deficiency:

hemorrhage (bleeding disorder)

- toxicity:

thrombosis

kidney tubule degeneration

hemolytic anemia

Lipid-Soluble Vitamins
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• VITAMIN B1 (thiamine)

- key role in carbohydrate metabolism

- Takaki (1884), Eijkman (1897)  - beriberi 

- multiple role

Water-Soluble Vitamins
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• VITAMIN B1 (thiamine)

- multiple role

(pyruvate dehydrogenase

complex)

Water-Soluble Vitamins
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Water-Soluble Vitamins

• VITAMIN B1 (thiamine)

- deficiency

malnutrition, thiaminase rich food (raw fish, shelfish)

myriad of neurodegeneration problems, then death

Wernicke’s encephalopathy (alcohol related syndrome)

lactic acidosis
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Water-Soluble Vitamins

• VITAMIN B2 (riboflavine)

- key role in carbohydrate metabolism

- Paul Gyorgy (1920s) 

- multiple role (electron carriers, oxidoreduction)
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Water-Soluble Vitamins
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• VITAMIN B2 (riboflavin) food coloring (orange)

- deficiency

malnutrition, widespread but usually not fatal

cracked red lips, inflammation in mouth, sore throat

iron deficiency anemia

Water-Soluble Vitamins
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• Niacin  not strictly a vitamin

- can be synthesized from tryptophan

- Hugo Weidel (1873) 

- multiple role (electron carriers, oxidoreduction)

Water-Soluble Vitamins
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Water-Soluble Vitamins

• Niacin

- deficiency

malnutrition

pellagra (tryptophan and niacin deficiency)

Hartnup disease (genetic pellagra, tryptophan loss due to enzyme 
malfunction)

toxic above 500 mg/day
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Water-Soluble Vitamins

• Vitamin B6

- amino acid and glycogen metabolism, and steroid hormone action

- Paul Gyorgy (1934) 
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• Vitamin B6

- deficiency

malnutrition

skin problems (seborrhoeic dermatitis)

neurological problems

could be toxic  loss of proprioception

Water-Soluble Vitamins
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• Vitamin B12

- amino acid and glycogen metabolism, and steroid hormone action

- 1940s,  structure, synthesis 1950-60s

Water-Soluble Vitamins
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Water-Soluble Vitamins

• Vitamin B12
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• Vitamin B12

- deficiency

malnutrition

pernicious anemia

Water-Soluble Vitamins
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Water-Soluble Vitamins

• Folic acid, folates (also known as vitamin B9)

- nucleotide synthesis

- Lucy Wills, 1931 (prevention of anemia during pregnancy)
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Water-Soluble Vitamins
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Water-Soluble Vitamins

• folates

- deficiency

malnutrition

megaloblastic anemia (with B12)

spina bifida
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Water-Soluble Vitamins

• Biotin (vitamin H or B7)

- transfer of CO2, citric acid cycle
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Water-Soluble Vitamins

• biotin

- deficiency

hair loss 

sebhorreic dermatitis
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Water-Soluble Vitamins

• Panthotenic acid (also known as vitamin B5)

- carrier of acetyl radical
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Water-Soluble Vitamins

• Ascorbic acid (also known as vitamin C)

- a sugar acid

- antioxidative properties

- Walter Haworth , Albert Szentgyorgyi, 1920s

- coenzyme for two group of hydrolases:

dopamine β-hydroxylase

peptidylglycin hydroxylase

lysin hydroxylases
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• Vitamin C

- deficiency

scurvy

deficiency in collagen synthesis

fragility of blood capillaries

- excess vitamin C

potential benefits

Water-Soluble Vitamins
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Minerals


