
organic substances, required in very small amounts, for optimum
growth and health, but cannot be synthesized in our body (except vitamin 
D and niacin).

Classification
i. Fat-soluble vitamins.
ii. Water-soluble vitamins

Vitamins





Vitamin A





Vitamin D

Metabolic Functions of Vitamin D
Maintains serum calcium and phosphorus levels by acting on bone, kidney and intestine.
• Bone: Causes mobilization of calcium and phosphate from the bone and promotes bone
mineralization
• Kidney: Promotes reabsorption
of calcium and phosphorus → decreases excretion of calcium
and phosphorus
• Intestine: Increases absorption of calcium (via calbindin) and phosphorus

Causes of Deficiency
• Inadequate dietary intake
• Lack of exposure to sunlight
• Impaired absorption
• Liver and kidney diseases





Transporter for vitamin D: Vitamin D2 and D3 are absorbed from the intestine and 
transported to the liver bound to a specific vitamin D-binding protein.

1-α-hydroxylase: It is present in the proximal convoluted tubules of the kidneys, 
bone and placenta.

Mechanism of action of calcitriol is similar to steroid hormones: Upon entering 
the nucleus of a cell, calcitriol functions as a steroid hormone and associates with the 
vitamin D receptor (VDR)  and promotes its association with the retinoic acid X 
receptor (RXR), which binds to the gene and modulates transcription of calbindin in 
the intestine.

Hereditary rickets: It is an inherited form of the disease—the kidneys are unable to 
retain phosphate.

Fanconi syndrome: Disease of the proximal renal tubules of the kidney in which 
phosphate is passed into urine, instead of being reabsorbed.

Anticonvulsants like phenobarbital: Can cause hypocalcaemia, as it induces a 
microsomal enzyme  (cytochrome P450), which inactivates vitamin D.



Vitamin K
Forms of vitamin K: Phylloquinone (K1), menaquinone (K2) and menadione (K3). 
Recommended daily allowance (RDA) of vitamin K is 70–140 μg.



Differentiating features of vitamin K and vitamin C deficiency: 
In contrast to vitamin K deficiency,

vitamin C deficiency will have increased bleeding time, but prothrombin time will be 
normal. Also,  there will be gum hyperplasia, inflammation, skeletal deformity and poor 
wound healing.

Warfarin and dicumarol
Structural analogues of vitamin K, competitively inhibit the enzyme epoxide
reductase and vitamin K quinone reductase. They are used as anticoagulants.
Toxic manifestations of vitamin K
In premature babies, menadione →↑ hemolysis →↑ serum unconjugated bilirubin → 
kernicterus.



Vitamin E
Mention the sources, RDA and functions of vitamin E.
The RDA, sources and functions of vitamin E are mentioned in Table

Vitamin E deficiency 
Deficiency in humans is very rare. The major symptoms are increased red

blood cell (RBC) fragility due to peroxidation.



Water-Soluble Vitamins
Thiamine (Vitamin B1)



Requirement of B1 increases when a person is placed on high-carbohydrate diet: 
This is due to increase in TPP-mediated reactions (e.g. pyruvate to acetyl-CoA, α-
ketoglutarate to succinyl-CoA,  etc.) in carbohydrate metabolism.

Antithiamine factors: Certain raw freshwater fish, raw shellfish, ferns (they contain 
thiaminases, which destroys thiamine).

Thiamine pyrophosphotransferase: Converts thiamine to its active form TPP in the 
brain and liver.
Transketolase activity: in RBCs is used to measure the thiamine status in an 
individual.



Riboflavin (Vitamin B2)

Deficiency manifestations of riboflavin: 
Glossitis, angular stomatitis, cheilosis.



Niacin (Vitamin B3)



Carcinoid syndrome and pellagra:
Normally 1%–2% of tryptophan is converted to serotonin in argentaffin cells of 

gastrointestinal tract (GIT) and the rest is converted to niacin. But in carcinoid
syndrome (tumor of argentaffin cells), more than 60% of tryptophan is diverted for 
serotonin, so less is available for niacin synthesis leading to pellagra.

Hartnup disease and pellagra:
Tryptophan and other neutral amino acids are not absorbed from intestine and also 

from kidneys, thus depleting amino acid tryptophan. This in turn leads to niacin
deficiency (pellagra).

Pyridoxine and pellagra:
Synthesis of nicotinamide from tryptophan is pyridoxal phosphate (PLP)  dependent; 

so in its deficiency, this pathway will not proceed and may lead to pellagra.

Pharmacologic doses of nicotinic acid have been known to reduce serum cholesterol.



Pyridoxine (Vitamin B6)



Tuberculosis: The antitubercular drug isoniazid, competes with pyridoxine kinase and blocks the 
formation of PLP. Thus, long-term treatment with isoniazid can result in pyridoxine deficiency, 
which manifests as peripheral neuropathy; so pyridoxine is given along with isoniazid in 
tuberculosis patients.

Treatment of microcytic anemia: Along with iron and other supplements, pyridoxine is given, 
which helps in heme synthesis [aminolevulinic acid (ALA) synthase reaction].

In infants, pyridoxine deficiency can predispose to seizures: This may be due to decreased 
formation of γ-aminobutyric acid (GABA) from glutamic acid (decarboxylation reaction). GABA is 
an inhibitory neurotransmitter, so its decreased concentration can lead to seizures.

Deficiency manifestations of B6: Irritability, depression, confusion, glossitis, stomatitis.
Cycloserine, penicillamine: Form complexes with vitamin B6, creating a functional deficiency.
Parkinsonism treated with levodopa: Administration of pyridoxine will facilitate the peripheral 
decarboxylation of levodopa to dopamine; treatment becomes less effective as less of levodopa 
is available to cross into the brain.

Dietary requirement of B6 increases when a person is placed on high-protein diet: Pyridoxine 
has significant role in protein metabolism (transamination, decarboxylation, deamination and 
condensation reactions). So, its requirement is directly proportional to protein intake.



Folic Acid (Vitamin B9)



Folinic acid (leucovorin or citrovorum factor): 
It is administered before giving methotrexate to prevent its systemic toxicity; 
methotrexate blocks the conversion of dihydrofolate to THFA. Folinic acid (N5 formyl-
THFA) is the active coenzyme form and minimizes toxic effect of methotrexate on 
normal cells; this is leucovorin rescue. 

Formiminoglutamate (FIGLU) excretion test: 
It is done to detect folic acid deficiency. In folic acid deficiency, increased excretion of 
FIGLU is observed after a load, due to impaired conversion of FIGLU to glutamate.

Inhibit some drug 



Cobalamin (Vitamin B12)



Absorption of B12: Vitamin B12 binds to intrinsic factor (IF), a glycoprotein secreted by parietal 
cells of stomach. Receptors on the surface of the ileum take up the IF-B12 complex in the 
presence of calcium. It is bound to transcobalamin II and transported to the liver.
Vitamin B12: Only water-soluble vitamin stored in the liver (sufficient for upto 6 years).

Subacute combined degeneration of spinal cord (SACD): Group of neurologic symptoms—
peripheral neuropathy, tingling, numbness, weakness, mental disturbances and ataxia seen in 
cobalamin deficiency.

Folate trap: In vitamin B12 deficiency, conversion of methyltetrahydrofolate (methyl-FH4) to 
tetrahydrofolate (FH4) is affected and results in accumulation of methyl TH4. Thus, deficiency of 
vitamin B12 can cause secondary folate deficiency.

Cyanocobalamin, mehylcobalamin (oral) and hydroxocobalamin (parenteral/injectable): Are 
commercially available forms of cobalamin.
Schilling test: This is a test used to detect pernicious anemia (or to detect cause of megaloblastic
anemia). The patient is first given a saturating dose of vitamin B12 by injection and then given 
radiolabeled B12 orally. If after sometime, there is no appearance of radioactivity in urine, it 
means oral B12 is not absorbed. Then, oral radiolabeled vitamin B12 is given along with intrinsic 
factor and
urine radioactivity is checked after some time. If it appears in urine, it indicates the person has 
perniciousanemia. If there is still no radioactivity in urine, the person has malabsorption
syndrome.



Biotin (Vitamin B7)

Biotinidase:
Shown to catalyze the biotinylation of histones, suggesting that biotin may play a role 

in DNA replication and transcription.

Consumption of raw egg white for a prolonged period may cause biotin deficiency as 
it contains a protein avidin, which strongly binds biotin and prevents its absorption.



Pantothenic Acid (Vitamin B5)



Ascorbic Acid (Vitamin C)

Scurvy
Deficiency of vitamin C leads to scurvy: There is poor hydroxylation of proline and lysine 
residues of collagen.

Symptoms: Bleeding and easy bruising, hair and tooth loss, joint pain and swelling, poor wound 
healing, etc.

Treatment: Vitamin C supplementation.



High doses of vitamin C predisposes to renal stone:
Vitamin C is metabolized to oxalic acid and it is capable of precipitating calcium as 

calcium oxalate in the urine.
Vitamin C cannot be synthesized in humans: 
Because they lack the enzyme, L-gulonolactone oxidase.

Lipoic acid: Acts as coenzyme for oxidation-reduction reactions (pyruvate 
dehydrogenase and α-ketoglutarate dehydrogenase) and has antioxidant functions.

Choline: Lipotropic factor and prevents fatty liver.






