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orcollectivetermfor3 compounds TitaminAretinaliagginacaude

ocyclohexenyl Biononeringwith
a polyesoprene sidechain

00Retinal CHO Retinol chaon
Retinoicacid COOH

Sources Fishliveroils greenleafyvegetables yellowveg fruits
mangocarrot

RDA Adult 600mghatinol 2400Mg B carotene
pregnantwoman
Lactation 950dig 11 3800
Infants
Children 400 600dig 1600 2400

Provitamins carotenes Plantscontain different
carotenes L B 8 B carotene is mostimp
converted to vit A in the liver
one p carotene molecule consistsof2

molecules

of vit A

digested by pancreatic hydrolases
absorbed insmall intestinealongwithfats
withthehelpofbilesalts
in inestine incorporated into chylomicon
transported to livesthrough lymph
storedhere as retinol palmitate
transported to other tissuesbyretinolbinding
proteinCRBP



Functions Retinal foevision
Retinolforreproduction
RetinoicacidformaintaingNormalepithelium
Rhodopsin in rodcells dimlightvision photopsin in cone
cellsbrightlight colourvisionbothcontain vitaminA 11 as retinal
Retinolpromotesthesynthesisof transbean thushelpsin iron transport
hence Hb synthesis

Retinoicacidfornormal differentiation mucoussecretion forpreventing
Keratinization of epithelial tissues
Retinoicacidfoegrowth espskeletal
B carotenehas anti carcinogenic effect by functioningasanti oxidants
to reduce the risk of cancers caused by free radicals

cycle
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Deficiency Night blindness Nyctalopia
xerophthalmia drynessofeye due to
keratinisation in cornea conjuctiva
corneal dryness corneal xerosis
conjunctivaldryness conjunctival xerosis

at White triangular patches in conjuctiva
called Bitot's spots

or Keratomalacia if untreated corneal
ulceration degeneration
Renalfailuredue to kchatinization in renal tract
Respiratory infectionsdue to 11 in respiratory
Reproductive failure growth retardation
Microcytic anemia since vit A is required foriron
transport Hb synthesis

Hypervitaminosis A excess of v it A
excessof B karatene is not toxic

symptoms hepatomegaly
Skeletaldeformities

IJritability
Dermatitis
Headache
Drowsiness

Peelingofskin



De cholecalciferol

Sources Da plants
Dz sfishliveroils

CIE.msI.B
Endogenously

7 dehydrocholesterol 35 77 Cholecalciferol
Ergosterol Ergocalciferol

RDA Adults 10mg 400 I V of13
Pregnancy lactation Isng
Provitamin 7 dehydrocholesterol

Ergosterol

absorbed insmall intestinealongwithfats
withthehelpof bilesalts
in inestine incorporated intochylomicon
transported to livesthrough lymph
stored in liver other tissues
transported to other tissuesbyvit D binding
protein DBP aplasma 42 globulin

vit D is not itself biologically active
has to be converted to calcitrool I as dihydroxy

cholecalciferol cholecalciferol

I 25hydroxylase lines
2s hydroxycholecalciferol

I 2 hydroxylaseu kidney boneet
I as dihydroxycholecalciferol

calcitrial



Functions ofcalciteo
propermineralisationof bone
increasesthenumber activityofosteoblasts
in osteoblasts it stimulatesCa
uptake deposition
Bonematrix collagenhasCa
phosphate

hypercalcemia hormone
promotes thereabsorptionofCa phosphate

by renaltubules thus reducing excretion
of ca phosphate

increasestheintestinalabsorptionofCa Poi
thus M bloodCa Poy level

Action bindsto a receptor in the cytosol this
complex is thentransported tothe nucleus
where it acts on DNA to stimulate the
synthesisofcalcium binding protein CBPwhich increases calcium absorption
promotesboneresorption calcium mobilization
to raise serum Ca phosphate levels
during ca deficiency state

Deficiency Ricketsinchildeen
diseaseofgrowing bone
insufficient mineralization ofnewbones
bones becomesoft pliableeasilybent
bowlegs
Knock Knees
Pigeonchest
Rickety rosary beadedappearanceofribs



Osteomalacia in Adults
insufficient mineralisation of bones
softness of bones
Bonepain aches

Easy fracture ofbones

RenalRicketsCritDResistantRickets
seen in patientswithchronicrenalfailure
Kidney is requiredforformationofcalcitriol
in renalfailurenon productionof calcitaid
leadstopoorbonemineralisation rickets
doesnotrespond to vit Dsupplementation

vit Dresistantrickets
respondstoprovisionofcalcitriol

Hypervitaminosis D demineralisationofbones
hypercalcemia

calcificationofsofttissues especially renaltissues
leading to renalstones
lossof weight weakness
polyunia polydipsia



ChemicalName tocopherol 8tocopherolshavebeenidentified
x tocopherol isthemostactive presenceoffocalringsystem

sources vegetableoils
fishliveroils aredeficientin vit E
it e requirement is proportionalto PuFA intakeas

gd3
vit E protectsPUFAfrom oxidativedamage
so more PUFAintake requiresmore vit E

RDA 8mg 1210 to 12mg18207

absorbed insmall intestinealongwithfats
withthehelpof bilesalts
in inestine incorporated into chylomicon
transported toadiposetissues muscles
stored in adiposetissues muscle lives

Functions preventsperoxidativedamageofPUFAofcellmembranes
causedbyfreeradicals whichdestabilize the integrityofcellmembranes mainly inRBCs
vit E is a powerfulantioxidantwhichdestroysthefaceradicals
Seleniumalsohasantioxidantpropertysinceseleniumis anintegralpartof
glutathione peroxidaseenzymewhichdestroysfaceradicals protects RBC
Selenium vit E worksynergistically todecrease eachother's
requirement Thus vit E hasseleniumsparing action vice versa

Deficiency Rare
maylead to anemia due to
increasedpeaaxidative damage
ofRBCs hemolyticanemia



RDA 50 100mg if synthesizedbyintestinalbacteria
d

Ying
1 2mg ifnotsynthesized by intestinal bacteria

transported to livesbychylomicaons
mainly stored in lives
transported toothertissuesby LDL

Function Helps in coagulation process
requiredforsynthesisofactiveformofsome blood clottingfactors 2 7,910
all thesefactors are synthesized in inactiveforms in the liver
converted toactiveformsby 8 carboxylase enzyme by8 carboxylation
ofsomeglutamic acid residues vit K is a cofactorofthis enzyme

Dieumahal Warfarin are antivitaminsof vit K
theyarestructuralanaloguesofvit k competitively

inhibit 8 carboxylation
warfarin is used in the treatmentofthrombotic diseases

Deficiency Hemorrhage
internalbleeding
prolonged prothrombin time
delayedclottingtime bleedingtime

alsoseen incholestasis duetoblockofbilesaltstransport to intestine which is
requiredforvit k absorption prolonged antibiotictherapy as it
kills theintestinal florawhich producesvit K



Ascorbicacid shasreducingproperty
sources citrusfruits greenleafy vegetables

campRDA Adults 40mg
Pregnancy lactation 80mg

Functions requiredforcollagen formation by
conversiinae

photocollage
toactivecollagen vit C is a cofactorof lysylhydroxylase prolyl
hydroxylase enzymes whichconvertcertain lysine prolineresidues

ofprotocollagen to hydroxylysine hydroxyproline whichare essential for
cross linking tensilestrengthofmature collagen fibres
VitC is supplementedalongwithproteins in postoperative patients to

facilitate woundhealing tissue repair
found in largeamounts in adrenalcortex required forsynthesis
ofsteroidhormones
Norepinephrine synthesis

Dopamine DopamineBhydroxylase Norepinephrinecut2 vitaminC

Bile acidsynthesis
cholesterol 74 hydroxylase 72 hydroxycholesterol Bilesaltsvit C

Degradationof tyrosine
P Hydroxyphenylpyruvate

Phydroxyphenylpyruvate
oxidase cult vit c

Homogentisate

rit C is a natural antioxidantwhichreducesthe formationof
nitrosamine a carcinogenic oxidant in the intestine
reduces the risk ofcataract formation
facilitatesthereconversionof Methemoglobin to HbforMbregatta

facilitates iron absorptionbyreducing Fet to Fetz
vit c is requiredforiron metabolism anythings
in highdoses appears to decrease the severity
durationofcommoncold



Deficiency Scurvy due todefective

collagensynthesis
Sorespongy swollen bleedinggums loosepainfulteeth

fragilecapillaries i tendency tobleedunderslightpressure
hemorrhage dueto excessive bleeding

microcytic anemia
delayed wound healing

Aching muscles

Weakness
Swollen joints
Bonefragility easyfractures



Chemistry substitutedthiazole ring substituted

jpgpyrimidine ringjoinedbymethylene bridge
sulphurcontaining vitamin Wiaminy
Sources Driedyeast wheatgerm unpolishedwhole

grainsof rice
Thiamine is presentin thealeuronelayer bean of cereals
So refiningofcerealgrains inmillsdestroysthiamineduring polishing
but in parboiled boilingof paddy withhusk the thiamine is not lost
It is lostduringwashing ofcereals
Boilingthe rice in excesswater discardingthe water Kanjee also
results in lossofB2
Destroyedduringbaking cooking withbakingsoda

RDA Adultmale 2 1.6mg
Adultfemale o 9 1.2 mg

Pregnancy lactation upto2mg
Thiaminerequirement is dependenton caloriecarbs intake
TPP a coenzymeofthiamine play a centralrole in arb metabolism

coenzyme for PDH aka dehydrogenase transketolase
o smg thiamine is requiredforevery 1000kcal
Functions coenzyme TPP thiamine pyrophosphate

TPP as a coenzyme
genkftgate

a ketoglutaratedehydrogenatesuccinylcon
TPP FADNADCoASH t CO2

Lipoieacid

PDH complex

7 Xylulose S phosphate
transketolase sedoheptulose 7 phosphate

TPP t
Ribose s phosphate

glyceraldehyde 3 phosphate

Civ Neaveimpulse transmission



Brainderivesall its energy from carbs utilizationofcarbs
acquirethiamine
Thiamine is essentialfornormal functioningof heartmuscles
fornormal maintenance of GIT maintains goodappetite
normal digestion

Deficiency Beri beat utypes

DryBeriberi
neurologicalmanifestations

peripheralneuritiswithburning tinglingsensationin legs feet
Anorexia lossofappetite
Musclewasting lossofbodyweight
Noedema

II Wet Beriberi
allsymptomsofdaybeerbeer

edema cardiovascularmanifestations

enlargementofheart palpitation tachycardiadeath

II Infantileberiberi
seen inchildren btw2 smonths born to thiamine
deficient mothers Breastmilkofmothershas low
thiaminecontent mother'smilk is theonlysource
of thiamine forinfants
Restlessness sleeplessness convulsions vomiting
Loudpiercingcrythatchangesinto a thinweak
almost inaudible voice
Cyanosis dyspnea tachycardia



I Wernicke Korsakoff Syndrome Wernicke's
Encephalopathy cerebral Beriberi
seeninchronicalcoholics sincetheygenerally consume
less food deriveenergy fromalcoholwhich leads
to insufficientprovisionofthiamine
Alcoholalso inhibits thiamine absorption
Peripheral central neurological defects
severelossofmemory nystagmus insomnia
cerebellarataxia abnormalgait mentalconfusion
psychosis depression etc



Sources Driedyeast milk meat eggs

75 ofriboflavinrequirementofthebodybecausethey are consumed in

ii

largeamounts

RDA Adults 1.5mg

Pregnancy lactation 1.9mg

FMN Havinmononucleotide
FAD flavinadeninedinucleotide

FMNDependentEnzymes
i L a a a t a aoxidase

take NH3

FMTIMMHz

C NADHdehydrogenase complex I ofETC
i Cytochrome Creductase of ETC

FAD DependentEnzymes

i D a a a Daaoxidase 2akg.to NH3
FAFFADHz

in succinate succinate dehydrogenase
fumarate

FAT FADHz

iii 2 ketoglutarate a ketoglutaratedehydrogenase
saggycoastftp.T pIjjImt

iv AcylcoAdehydrogenase ofbetaoxidationoffattyacids
u PDH



Deficiency Ariboflavinosis
Symptoms

Glossitis sorenessoftongue magenta colouredtongue
Cheetosis fissuringofthe lips
Angular stomatitis fissuaingat the cornersofthemouth
Seborrheic dermatitis inflammationofskin
Cornealvascularization reddeningof eyes
Photophobia redness burningsensation in eyes



ChemistryNiacinrepresents nicotinicacid nicotinamide

consistsofpyridinering
Sources Peanuts lives legumes
a a tryptophan canproduce niacin in the body

QfqgqB31mgniacin 60mgtryptophan

RDA Adults 20mg
Pregnancy Lactation

25mg
6.6mg niacin is required forevery 1000kcalenergy
Totalniacinavailable fromfood

Niacin
equivalent

Niacincontent tryptophancontent ng
mg 60

Functions Twocoenzymes NADt NADPt
NADt DependentEnzymes
i glyceraldehyde 3

acetaldehydesPdehydrogenases3 bisphosphoglycerate
phosphate NIXADHHt

a Malatedehydrogenase 2 KGdehydrogenase PDH

NADP DependentEnzymes
dehydrogenase Gphosphogluconatea i

NADH Ht 3ATPin ETC
apple t ht requiredforbiosynthesisoffattyacids

cholesteroletc Dermatitis
Deficiency Pellagra CDs Dementia

If untreated Death4thD Diarrhea

Dermatitis erythemaofskinisexposedtolight
increasedpigmentationaroundtheneck Casal'snecklace

Diarrhea inflammationofmucousmembraneofGIT
Diarrheamayoftencontainblood mucous

Prolongeddiarrhea weightloss

Dementia
Neurologicalsymptoms depression deliriumirritability

mammary lossataxiaspasticity



Pellagra is common amongmaizeeaters in maize niacin
is present inboundform isunavailable forabsorption
Also tryptophan content is very low in maize proteinsGein
leucinecontent is high whichdepressesthesynthesis

ofniacin

Pellagra likesymptoms are seenin
haatnupsdisease

carcinoidsyndrome duetolessavailabilityoftryptophanfor
niacincoenzyme formation

vit B6deficiency
isoniazid ina treatment in tuberculosis dueto failureof
PLPformationwhichis required to convert Tryptophan to

niacincoenzymes



together byamidebond
stay nests Pnd d

yegg
sourcesLivermeat milk driedyeast wholecereals

legumes Flamin
RDA 10mg
Functions CoenzymeACcoASH involvedinmostmetabolisms

L KG a kadehydrogenasecomplex succinylcoA t Co2
TPPFADNADCOASHLife

i glycine t succinyl
ALAsynthase ALa Home

G FattyacylCoAAcylWA
dehydrogenase a B unsaturated

acylCoAFADIRDHa
CDAcetylCoA

Acetylcop
Thedase y Acetoacetylcop

COASH

AcetylCoA AcetylconcarboxylaseMalonylCoA
CO2

pyp ÉhDP Pi
AcylCarriesProtein Acp componentoffattyacidsynthase complex

BothCoASH ACPcontain 4 phosphopantetheine formedfromPantathedic

Deficiency rareC it is widely distributed in foods

Burning footsyndrome in prisonersof war is
ascribed to deficiencyofpantothenic acid
There is decreased synthesisoffattyacids



away mandate Y M

W'jgq.gg
sourcesdriedyeast rice polishingwheatgerms
legumes oilseeds Tfamin
RDA 2mg increasesin pregnancy lactation

Vit Bbrequirement is dependenton protein intake Php is requiredfor
transamination deaminationdecarboxylation in a a metabolism

Functions coenzyme Pyridoxalphosphate PLP

Transaminationreactionsofa a
Alanine a KG Alaninetransaminase Pyruvate glutamate

ALT PLP

9 Decarboxylationofaa
Histidine Decarboxylase Histamine

PLP

Iii Nonoxidativedeamination

cysteine cysteine desulphydratas Pyruvate Nm t Has
PLP

Civ glycinesynthase

coatNhat t NadHtHt Glycinesynthase glycine NADt

methIEEEFH
4ALAsynthase
glycine t sugginyl Alasynthase Aca s s stheme

GiMuscle glycogenphosphorylase requires PLP
ViiRequiredforsynthesisofsphingolipids formationofmyelin



Deficiency Neurological symptoms
depression irritability peripheralneuritis
duetodecreased neurotransmitter synthesis
like GABA serotonin catecholamines
myelin formation failure

Microcytic anemia duetofailureof
heme synthesis
Pellagra likesymptoms PLP is needed

forniacin coenzyme synthesis from
tryptophan
Homocysteinuria conversion of
homocysteine requires PLA

Isoniazid INH an antituberculosisdrug inhibits

pyruvate kinase requiredfor PLP formation
from vit BG causes vit Bbdeficiency
pellagra like symptoms



sulphur containing vitamin
chemistry imidazole dm

q
B7

Sources Yeast liver legumes egg milk

RDA 20 30mg CfamimFunctions Coenzymeformofbiotin is biotinitself

AcetylCoA AcetylcoAcarboxylase MalonylCoA
CO2 perfiothADP

tPi

Deficiency Rane widely distributedinfoods
synthesizedbyintestinal flora

Deficiencysymptoms anorexiadepressioninsomnia

muscle pain dermatitis etc
Highconsumptionof raw eggscanalso
leadto biotin deficiency

Egg White Injury eggscontain a glycoprotein calledavidin
antivitaminofbiotin
it combinesverytightlywithbiotin prevents itsabsorption
thusinducing biotin deficiency
caused dueto consumptionofraw eggs
Heating denaturates avidin asavidin is a
protein eliminating itsbiotin binding

capacity
About 20raweggsperday wouldberequired
to inducebiotindeficiency
Inclusionofanoccasional raw eggindietdoes
notcausebiotin deficiency



Chemistry consistsof3components
Pteridinering PABA glutamicacid
Sources Green leafyvegetables yeast liver eggs

RDA 200mg increases during pregnancy

lactatingFunctions coenzyme tetrahydrofolate TMForFMD CjaRequired for one carbonmetabolism
Myacts as a carrierofone carboncompounds eg methylmethylene methenyl
formyl formimino seanceasacceptor as donorofthese 1 carbon
compounds in variousreactions
a CoatNH3 glycine

b Glycine serine

c
Glycine Co2 NH3

d Methionine Formylmethionine

e N methyl

Fly
cobalamin

y
Methionine

FMy Methyl Homocysteinecobalamin



Deficiency Megaloblasticanemia

folicacid is requiredforsynthesisofDNA
requiredduring cell division deficiency causes

impairedcelldivision
Cellswhichundergorapidcelldivision RBCs
intestinal cells are particularly more sensitive
to folatedeficiency
folatedeficiency delaysDNAsynthesisbut
Hbsynthesis is continued in RBCprecursors
Cytoplasm is welldevelopedbutnot the
nucleus resulting in formationoflarge
immature RBC called macrocytes megaloblasts
Abnormalmegaloblasts are released intothe
circulation arerapidly destroyed in spleen

resulting in megaloblastic anemia

AntagonistsAminopterin amethopterin Methotrexate are structuralanaloguesoffolicacidTheyinhibit
dihydrofolatereductase enzyme formationof tetrahydrofolate
they areused asanticancerdrugs especiallyleukemia



found asmethylcobalamin adenosylcobalamin hydroxocobalamin
Wendy com ng Wha nt'd Itt IM

gang
sources notpresent in vegetables foundonly in
foodsofanimalorigin curd is a goodsource

Hamidsince lactobacillus can synthesize B12

RDA Adults s s sang
Pregnancy lactation 2 dig
AbsorptionofwitB12 requiresmediationofintrinsicfactor IF
secretedbygastricparietalcells Onemoleculeof IF can bind
to 2 molecules of vit B22
The IF B12complexgets attached to specific
receptors onintestinalmucosalcells is then
internalized It is digestedhere Bia is
converted to methylcobalamin
Transported inthebloodbound to transcobalamin II

Functions 2coenzymes Deoxyadenosylcobalamin
combethlkmin

Deoxyadenosylcobalamin

L methyl methylmalonylwamutaseSuccinyl Egge
malonylCoA deoxyadenosylcobalamin con

Methylcobalamin Link
btwfunctionsoffolic

cobalamin
cobalamin

Methionine
FHa requitedforiiGemini Damnnearonion

cobalamin Homocysteine



Deficiency PerniciousAnemia megaloblastieanemiawithneurological symptoms
mostlycausedduetofailureofabsorptionof vit B12 ratherthandietarydeficiency

MacrocyticAnemia folatetrap ssecondaryfolatedeficiency affectsRBCformation
Neurologicalsymptomsdueto accumulationofmethylmalonylcoAwhichinterfereswithmyelin
formationtocausedemyelinationofnervoussystem
Methylmalonylaciduria

Homocysteinuria

Cobalamincausesfunctional folatedeficiency
folatetrap

cobalamin is requiredfortheconversion
NS methyltetrahydaofolate to tetrahyda
folatebymethionine synthaseenzyme
Incobalamindeficiency there is failure
ofconversionofNsmethyltetrahydrofolate to
tetrahydrofolate entirebodyfolate is trapped as
Nsmethyltetrahydrofolate Tetrahydrofolatepoolisreduced
leadingtofunctionalfolatedeficiency



vitamin A RDA Adult 600mghatinol 2400Mg B carotene
pregnantwoman

ILactation 950dig 11 3800
Infants
Children 400 600dg 1600 2400

vitamin D RDA Adults 10mg 400 I b ofD
Pregnancy Lactation 15mg

vitamin E RDA 8mg 1210 to 12mg 1820

vitamin K RDA 50 100mg if synthesizedbyintestinalbacteria
1 2mg ifnotsynthesized by intestinal bacteria

vitamin C RDA Adults 40mg
Pregnancy I lactation 80mg

By RDA Adultmale 2 1.6mg

B

Adultfemale o g 1.2mg
B RDA 20 30mg

BaRDA Adults 15mg
Pregnancy lactation 1.9mg

Pregnancy lactation 2dig

B
Kyung www.mfoggmg

BR Adults s asong

RDA Adults

BS RDA 10mg
BG RDA 2mg


