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OVERVIEW
o Vitamins are organic compounds that cannot be synthesized in adequate quantities 

by humans and, therefore, must be supplied by the diet. 
o Water-soluble vitamins : Folic acid, cobalamin, ascorbic acid, pyridoxine, thiamine, 

niacin, riboflavin, biotin, and pantothenic acid (NINE)- excreted by urine, toxicity is 
rare.

o Fat-soluble vitamins A, D, K, and E (FOUR)- not readily excreted.
o Fat-soluble vitamins are stored in the liver and adipose tissue. 
o Vitamins are required to perform specific cellular functions



FOLIC ACID

¢ Tetrahydrofolate (reduced folate) receives one-
carbon fragments from serine, glycine, and histidine
and transfers them to intermediates in the synthesis 
of amino acids, purines, and thymidine 
monophosphate (TMP).

¢ Macrocytic anemia is caused by deficiency in folic 
acid or vitamin B12 and called as megaloblastic 
anemia because due to deficiency of folic acid or 
vitamin B12 causes accumulation of large, 
immature red cell precursors, known as 
megaloblasts, in the bone marrow and the blood.



FOLIC ACID AND ANEMIA:
Deficiency is caused due to: 
o Increased demand (for example, pregnancy and lactation) and Poor absorption. 

oA primary result of folic acid deficiency is megaloblastic anemia caused by diminished 
synthesis of purines and TMP, which leads to an inability of cells to make DNA (cannot 
divide). 
oDeficiency of folic acid during pregnancy can cause neural tube defects in the fetus
resulting in spina bifida 

o Folic acid supplementation (0.4 mg/day) before conception and during the first trimester 
reduces the risk

o There is an association of high-dose supplementation with folic acid (>0.8mg/day) and an 
increased risk of cancer. 



COBALAMIN (VITAMIN B12)
¢ It required in humans for two essential 

enzymatic reactions: remethylation of 
homocysteine to methionine and 
isomerization of methylmalonyl coenzyme 
A (CoA) that is produced during the 
degradation of branched chain  amino 
acids and also from fatty acids with odd 
numbers of carbon atoms. 

¢ When the vitamin is deficient, unusual fatty 
acids accumulate and become 
incorporated into cell membranes, 
including those of the nervous system 
causing serious neurologic manifestations.



STRUCTURE OF COBALAMIN AND ITS COENZYME FORMS

¢Cobalamin contains a corrin ring system.
¢Cobalt is held in the center of the corrin ring by four coordination bonds from 
the nitrogens of the pyrrole groups. 
¢The coenzyme forms of cobalamin : 5'-deoxyadenosyl cobalamin and 
methylcobalamin.



DISTRIBUTION OF COBALAMIN

¢ Vitamin B12 is synthesized only by microorganisms. 
¢ Animals obtain the vitamin preformed from their natural bacterial flora.
¢ Cobalamin is present in appreciable amounts in liver, whole milk, eggs, oysters, fresh 

shrimp, pork, and chicken.

CLINICAL INDICATIONS FOR VITAMIN B12
¢ Significant amounts(2–5mg) of vitamin B12 are stored in the body. 
¢ It may take several years for the clinical symptoms of B12 deficiency to develop in 

individuals who have had a partial or total gastrectomy.

¢Cobalamin deficiency results in perinicious anemia and neuropsychiatric symptoms
¢ The CNS effects are irreversible. 

¢Treatment: high-dose B12 orally or intramuscular (IM) injection of cyanocobalamin.



ASCORBIC ACID (VITAMIN C) 
¢ It is a reducing agent in different reactions. 
¢Vitamin C is required for maintenance of normal connective tissue as well as 
in wound healing. 
¢ Vitamin C also facilitates the absorption of dietary iron from the intestine.
oDeficiency of ascorbic acid: Results in scurvy
o Typical symptoms are sore and spongy gums, loose teeth, fragile blood 
vessels, swollen joints and anemia 
o Vitamin C is an antioxidant and consumption of diet rich in it is associated 
with a decreased incidence of chronic diseases like coronary heart disease 
and certain cancers.



PYRIDOXINE (VITAMIN B6)
¢ Pyridoxine, pyridoxal and pyridoxamine, all  

are derivatives of pyridine. 
¢ They differ only in the nature of the functional 

group attached to the ring.

¢ All three serve as precursors of the 
biologically active coenzyme,  pyridoxal 
phosphate (PLP). 

¢ Clinical indications for pyridoxine: isoniazid a 
drug used for treatment of tuberculosis can 
induce a vitamin B6 deficiency by forming an 
inactive derivative with pyridoxal phosphate.

¢ Toxicity of pyridoxine: It is the only water-
soluble vitamin with significant toxicity.

¢ Neurologic symptoms (sensory neuropathy) 
occurs at intakes above 500 mg/day, an 
amount 400 times the RDA.



THIAMINE (VITAMIN B1)
oThiamine pyrophosphate (TPP) is the 
biologically active form of vitamin B1 formed by 
transfer of a pyrophosphate group from ATP to 
thiamine.
oTPP serves as a coenzyme in the oxidative 
decarboxylation of α-keto acids. 
oIn thiamine deficiency, the activity of oxidative 
decarboxylation of pyruvate  and α-
ketoglutarate is decreased resulting in 
decreased production of ATP. 

oBeriberi: This is a severe thiamine-deficiency 
syndrome found in areas where polished rice is 
the major component of the diet.
oInfantile beriberi is seen in nursing infants 
whose mothers are deficient in thiamine. 
oBeriberi is characterized as dry (characterized 
by peripheral neurologic deficits) or wet 
(characterized by edema due to cardiac 
dysfunction). 
o Both beriberi are treatable with thiamine 
supplementation.



NIACIN
¢ Nicotinamide: a derivative of nicotinic acid.
¢ The biologically active coenzyme forms: nicotinamide adenine dinucleotide (NAD+) and 

nicotinamide adeninedinucleotide phosphate (NADP+). 
¢ Niacin is found in grains and cereal, milk, and lean meats, especially liver. 

¢ Pellagra is caused due to niacin deficiency, it is a three Ds disease: dermatitis, diarrhea, 
dementia—and, if untreated, death.

¢ Treatment of hyperlipidemia: Niacin inhibits lipolysis in adipose tissue which in turn 
decreases in both plasma triacylglycerol (in VLDL) and cholesterol (in VLDL and LDL). 

¢ Niacin raises HDL levels.



RIBOFLAVIN (VITAMIN B2)
o Two biologically active forms of riboflavin are flavin mononucleotide (FMN) and flavin 

adenine dinucleotide (FAD).

o FMN and FAD are capable of reversibly accepting two hydrogen atoms, forming 
FMNH2 or FADH2. 

o Riboflavin deficiency: Dermatitis, cheilosis (fissuring at the corners of the mouth), and 
glossitis (the tongue appearing smooth and dark).



BIOTIN
¢ Biotin is a coenzyme in carboxylation
¢ Biotin is covalently bound to the amino 

groups of lysine residues in biotin-
dependent enzymes. 

¢ Biotin deficiency does not occur naturally 
because the vitamin is widely distributed in 
food. 

¢ Large percentage is supplied by intestinal 
bacteria. 

¢ However addition of raw egg white to the 
diet as a source of protein induces 
symptoms of biotin deficiency because 
raw egg white contains a glycoprotein 
avidin, which tightly binds biotin and 
prevents its absorption. 

¢ Treatment is biotin supplementation



PANTOTHENIC ACID
¢ It is a component of coenzyme A (CoA) which 

functions in the transfer of acyl groups.

¢ CoA contains a thiol group that carries acyl 
compounds such as succinyl CoA, fatty acyl 
CoA, and acetyl CoA.

¢ Pantothenic acid is also a component of the 
acyl carrier protein (ACP)domain of fatty acid 
synthase.

¢ Eggs, liver, and yeast are the most important 
sources. 


