
 Calcium Ca mostabundant mineral in body
orbloodcat 9 11mg dl
Dictaaysourc mi.lk itsproducts millets rage
Phytatespresent incereals oxalates ingreenleafyvegetables inhibit ca absorption

RDI Adult 0.8gm
children 0.8 12gm
Pregnancy Lactation I'sgm
Absorption absorbed induodenumagainstconcgradient

absorptionacquiresCalciumBindingProteinGBP

FactorsfacilitatingCaabsorption
Calciferolactiveformofvit D InducesCBPsynthesis

PTH promotessynthesisofcalciterod
Lactose

LysineArginine

gastricAcidity lowpH

Factors decreasingCaabsorption
Phytates incereals
oxalates ingreenleafyvegetables

fattyacids

high phosphate content in food
alkalinecondition

Chronicrenalfailure Nephrosis Causes DecreasedCatAbsorption
kidney is acquiredforformationofcalciteid requiredforCBPsynthesis
canbetreatedbyadministrationofcalciteid
Steatorshea decreasesCaabsorption
steatoreheaoccursduetodefectivedigestion absorptionoffat
unabsorbedfattyacidsinhibitCaabsorption

CalciumPhosphateRatioInDiet
Maximumratio 12 to 2 1

Idealratio 1 I



Storage bones teeth muscles
Excretion soomgday in wine

TÉÉfformationCageneshardness strength

00 BloodCoagulation

Musclecontraction forexcitation contractionofmusclefibres
Transmissionofnoneimpulses in pre postsynaptic region

Neuromuscularexcitability cadecreases excitability
Hormone Action secondarymessengertosomehormones

eg glucagon adrenalin vasopressin

Releaseofhormones insulin PTH calcitonin

DietaryDeficiency
Children impairedbonegrowth

neckat like symptoms
earlyoccurrenceof osteoporosis

Adults osteoporosis

hyperexitable stateofnerves muscles

Toxicity unlikely to reachtoxic amounts
increased riskofkidneystones
decreased absorptionofotherminerals Fe an PMgetc

CalciumHomeostasis blood ca 9 12mg di

Vitamin hypercalcemia

sitesofaction intestine kidney bones

Intestine CalciteidinducesCBPsynthesis inmucosa



Kidney increasescalciumreabsorption
hypoBonesenhances osteoblastsactivity calcification causesboneresorptionduringcalcemia

ParathyroidHormone PTH hypercalcemia

Intestine PTHstimulatesproductionofcalciteid increasedintestinalabsorptionof ca

kidney increasedCa reabsorption

Bone demineralization resorption ofbones mainlyduringCadeficiency

Calcitoninhypocalcemic

Kidney inhibits careabsorptionby renaltubules

Bone inhibits bone resorption byincreasingactivityofosteoblasts

Pou'lanels Hypophosphatempaenhances hydroxylationofvit D in kidneysto
formcalcitial hypercalcemia effect

Activationofsome enzymes
AsCacalmodulincomplex calmodulin is a CBP

itcanbondwith 4 cat
eg Adenylate cyclase cadependentprotein kinase

Directaction pancreatic lipase rennin
Promotes controls membrane integrity cellpermeability
Call to cell contact

Hypocalcemia 29mgde
Causes vit Ddeficiency

hyperparathyroidism

accidentalsurgicalremovalofparathyroidglands duringthyroidectomy

dietarydeficiency

steatorehea duetoaccumulationoffattyacids caabsorptionis inhibited

chronicrenaldisease impairmentofcalciferolformation



Manifestations increased neuromuscular excitability mildtremors tetany

Numbnessofextremities tightnessmusclespasms crampsconvulsions etc

Positive Chuostek's sign Trousseau's sign

Hypercalcemia 11mgdi
Causes hypervitaminosis D

hyperparathyroidism

symptoms increasedexcretionofurinaryCaleadingtorenalcalculi
bonedeformities

ectopiccalcificationofurinarybladder renaltissuepancreas

anorexia

muscleweakness

depression



hu P adultbodyhasabout2kg P
Sources Milk eggscereals

Phytates in plantsources inhibit Pabsorption

RDI Af 800mg
Children 1000mg
Lactation Pregnancy 1200mg
Absorption mainlyfromjejunum

increasedbyCalcite'd PTH

Excretion 500mgday

Formationofbones teeth

Productionofhighenvyphosphates ATPGTPforenergy
Synthesisofnucleoside enzymes NADNADP

Nucleicacidsynthesis inDNA RNA phosphodiester bonds foambackbone

Formationofphosphateesters glucose6phosphateetc
Enzymeactivation reversiblecovalentmodificationby phosphorylation dephosphorylation

Buffersystemin blood cells

Dictarydeficiencyrare
Causes vit Ddeficiency

consumptionoflargeamountsofantacid
maycauseosteomalacia growthretardationetc

Toxicityunlikely

maydevelop bone resorption



Phosphorus Homeostasis normalserumlevel 34mgldlin adults
children S 6ng1dL
Haemolysedbloodspecimensare not usedfor P estimation
lysed RBCsrelease phosphateintoplasmagivingfalsehighervalue

vitI causesreleaseofP frombones byactivatingalkalinephosphatase

PTI decreasesPreabsorptionfromrenaltubules

Hypophosphatemia 3mg1dL

Causes vitDdeficiency hyperparathyroidism

Hypesphosphatemia 4mg1dL
Causes hypervitaminosis D hyperparathyroidism renalfailure



normalplasmalevel 2 3mg1dL
Sourcesmilkgreenleafyvegetables seafoods cereals

RDI Au 350mg

f 300mg

AbsorptionincreasedCa Pdecreasemyabsorption

absorbedwiththehelpof a specificcarries

Function constituentofbone teeth

Cofactorforenzymes hexokinase fauctokinasePFKenolase ALAsynthase alkalinephosphatase

ProperNeuromuscularfunction decreases neuromuscular excitability

alongwithCaMgacts as a relaxantdurinactivity aftercontraction

Insulinsensitivity Mgdeficiencyleadsto decreasedinsulindependent uptakeofglucose

ActivatesAminoacidsforprotein synthesis

Synthesis maintenanceofgeneticmaterial

Dietarydeficiency sane

manifests onlyin combination withprotein energymalnutrition Pem alcoholism persistentdiarrhoea

symptomsmuscle weakness cramps hypertensionetc

Toxicity unlikely

cause renalinsufficiency beingtreatedwith supplementation

symptoms nausea vomiting diarrhoea



Cy total bodyCu 100mg

Source liver fishmeat milkis a poolsource

RDI 2 3mg
Absorption fromduodenum

transportprotein metallothionein

phytates zinc molybdenum decreaseCuuptake

Functions Formationofmanyenzymes ALAsynthase cytochromeoxidase dopamineoxidase

MobilisationofIron Feat ceruloplasminCart Fest

Synthesisofth aris aconstituentofALAsynthase
FormationofCollagenElastin constituentoflysyloxidase

Synthesis ofmelanin constituentoftyrosinase
Catecholamine synthesis constituentofdopamineBhydroxylase
Antioxidantfunction as a componentofSOD superoxidedismutase

RoleinETe constituentof complexW cyt oxidase

DietaryDeficiency microcyticanemia cuisneededformobilisation utilisationofFe
defective collagen formation osteoporosis fragile capillaries

Toxicityby contaminationof foodcooked in copper vessels

vomiting diarrheaetc

Wilson's Disease HepatolenticulaeDegeneration

autosomalrecessive disease

defectin ceauloplasmin synthesis
defectin hepaticexcretionofcuintobile renalabsorptionofCa



Manifestation lowbloodCu

Excessive depositionofCuin lives brain cirrhosis neurologicaldisorders

deposition in kidney renaldamage

deposition in cornea Kayser Fleisureringlatmarginofcornea
Treatment penicillamine onchelating agent

Menke'sDisease kinky SteelyHaiesyndrome
x linked disorder

defect in intestinal absorption ofCu onmaybetrappedby metallothionein inintes

Symptoms decreasedplasma wineCu

anemia growth failure

mental retardation

depigmentationofskin hair kinky steelyhair

usually fatal in infancy



Ff Totalbodyiron 3 eg
Soundrich organmeatjaggery
good leafvegetables fish

Pot milk polishedrice wheat

Phytates oxalates phosphates inhibitFeabsorption

RDI Man post menopausalwoman 10 20mg

Premenopausalwomer 20 40mg
chain 15 30mg
Pregnancyflactation 20 nomg

Artin upperpartofduodenummainly
Factorsinfluencing FeAbsorption

Amountofiron directly proportional

Chemicalformoftror absorbed inFestform

Physicalform hemeiron is betterabsorbedthannonhomeiron

Dietagynon

Mom on absorbed intointestinalmucosalcells

Nonhemeison HCl instomachreleasesFefromnonheme
proteins thisiron is in Festfoam o Fest is reduced
to Festbyvitamin C glutathionetea thenabsorbed

FactorsstimulatingFeabsorption
HUFe3t Feat absorption

0vit C cysteineglutathione Fe3t Feat absorption

vit A aminoacidsstimulateFeabsorptionbyfoamingsolublesaltswith Fe
Calciumfoamscomplexeswith ironinhibitorslikeoxalatesphosphates

FactorsInhibiting FeAbsorption

Phytates oxalates phosphatesfoaminsolumblecomplexeswithFe
Fattyacids

Tannicacidoftea



RegulationofFeAbsorption
MucosalBlockTheory Fehomeostasis is maintainedatthelevelofabsorption
notexcretion

duringFedeficiency moreiron isabsorbed

duringFeoverload ironabsorptiondecreases

ironabsorption is regulatedbytheavailabilityofapoferation inintestinalmucosalcells
Feabsorbe in Festform thenconverted to Fest
Fest apoferation aferritin

Feisslowlyreleasedfromferritinintoplasma asperbodyrequirement

Aslongasironis in ferritinFeabsorptionisreducedduetoreduced availability

ofapofeasitin
iftransferrin is saturated anyironaccumulation inthefoamof ferritin in
mucosalcellsislostwhenintestinalcellsaredesquamated

Transport bytransferrinin plasma
transferrinhas a bindingsitesforFebutcanbindonlyto Festform
i Featabsorbed couloplasmin Fe3t

absorbedFe is mainlydeliveredto bonemarrowforHbsynthesis
further incorporationinto developing redcells

IronutilizationFeisacquiredbyall body tissues
requiredmore inbonemarrowforHbsynthesis in developing erythrocytes

Storage

Ferritin Feisstoredmainlyinlives 9600 spleenbonemarrow mucosal

cells asferritin
Hemosideain liver spleen mainly in ironexcess conditions



Functions meme Fe t Protoposphyain Ix

HomeProteins forMb Mb

for cytochromes b c 4,93 a

for cytochrome Paso in liver foedetoxification

Peroxidases in neutrophils help in phagocytosis

mmmm
Nonhomeproteins

ferritin hemosiderin forstorage

transferrin foetransport
Fesproteins enzymes NADHdehydrogenasecomplex IofEtc
succinatedehydrogenase ribonucleotide reductase

Aconitase of Krebs Cycle
IronExaction one way element

once it entersthebody it is utilized routeliked

verylittle is excreted Imgday
menstruation is a majorcauseoflossof ironin premenopausalwomen

IronDeficiency Anaemia
Causes decreasedironintake

lead poisoning leaddecreasesFeabsorption

lackofabsorption steatorehea gastrectomy achlorhydria
increasedironloss inhookworminfestation bleeding inurinarygenitaltractpeptic

ulcer hemorrhoids nephrosis



Clinicalmanifestations

Mickocytehypochromiaanemia LowMb 12gd4duetodecreasedMb synthesis
Plummer VinsonAteropicglossitis

oesophagealweb syndrome
Dysphagia

Koilonchyia spoonshapednails
Pica craningforstarch
Apathydull sluggishduetodecreased0 supplytotissues

fatigue pallone anorexia

IronToxicity HemochromatosisNemosiderosis
Inemochromates increasedironabsorptionfromintestine

20hemochromatosis maybeduetoincreasedironabsorption repeatedbloodtransfusions thalassemia

Bantutribes inAfricadevelophemosiderosisakabantusiderosis duetolowphosphate intheirstapledietcorn
Phosphatefavoursironabsorption cookingfood brewing alcohol in ironvessels

Complications excessivedepositionofhemosiderin in linesspleenheartpancreasChemosiderosis
depositionof hemosiderin in liver livercirrhosis

Bronze
inpancreas deathof pancreaticcells diabetes diabetes

bronze colourationofskin
I



Fluorine F
Distribution teeth bones as calcium hydroxy fluoroapatite

z drinking water fish tea

ADA Adults 2 3mg
safelimitoffluorine in drinkingwater is 1ppm

Functions required for properteeth development fluoridegets incorporated into

hydroxyapatite to foam fluoroapatite

fluoroapatate in enamel dentine is more resistant to destructionbybacterial
acids plaques thuspreventing dental carries tooth decay

fluoride inhibits bacterial enzymes whichproduce acidsthatcause dental caries
Required forproper bone development
fluoride is theinhibitorof enolase used during estimation of blood
glucose level

Deficiency consumptionof drinking waterwith less than o s ppm of fluorine
dental caries

osteoporosis

Excess fluorosis
Dental fluorosis intake above 2ppm mottlingof enamel

discolouration of teeth rough yellowpatches
skeletal fluorosis intakeabove20ppm hypercalcification leadingto increasedbonedens

ligamentsofspine collagenof bonesget
calcificIn advanced stages ligamentsofspine getcalcified

ygoneI
stiff spine cripples the individual Valgum



Cobalt co

Bodycontainsabout1.1mg cobalt

Function

cobaltis a constituentofcorrinringsystemofvit B12 theircoenzymes
cobaltactivatesglycylglycinepeptidase ALAsynthase

stimulatesthe synthesisoferythropoietin topromoteerythropoiesis

Deficiency perniciousanemia cobaltdeficiency causes cobalamindeficiency

Toxicity Cause overconsumption

polycythemia increasedRBCs inblood



Iodine I

body contains 25mg 80 ofthis is stored in thyroid glands
Sources drinking water seafood iodized salt

fruits vegetables grown on seashore

regionsofhighaltitudes are deficient in iodinecontent in foodcultivatedinthissoil
i peopleofmountain regions havehigher chancesof developing iodinedeficiency
Himalayanregion goiterousbelt

Goiterogens substanceswhich interfere withiodineutilization

cabbage cassava cauliflower

RDA Adults 100 150 dig
Pregnancy 200dig

Absorption smallintestine skin lungs

storage 80 of body iodine is stored as iodothyaoglobulin in thyroidgland
Functions Formationof thyroid hormones

synthesis of thyroxine Ta triiadothyaonine Ts

Ts is functionally moreactivethanTa
Synthesisofthyroidhormones

Tyrosine t I
thyroidperoxidase Mit 3 monoiodatyrosine

Mit Is thyroidperoxidase DIT 3,5 diiodotyrosine

DIT MIT 7 Tz
DIT DIT Ty
synthesis takesplacewhentyrosine isstilla partofthyroglobulinprotein
73 Ty are releasedfromthyraglobulinbyproteolytic breakdown

Deficiency

Simpleendemic goiter deficiencyofiodine in food mainly in geographicalareasawayfromseacoast
Iodinedeficiencydisorder IBD hypothyroidism cretinismdeafmutism goiter subnormal intelligence

excessToxicgoiter exophthalmic goiter



Selenium se

aces seafood liverkidney

RDI 50 100dig
Functions Antioxidant property selenium is anintegralpartofmetalloenzymeglutathioneperoxidase which destroys H2o

prevents it from causingoxidative damageofbiological membranes

SeleniumhasvitEsparingaction vit E selenium bothantioxidants worksynergistically toreduceeachother's requirement

Constituentof s deiodinase forconversionof Tu toTa
Selenacysteine 21staid codedbyUaa

Keshandiseaseendemiccardiomyopathy

seleniumdeficiency

namederivedfrom KeshanprovinceinChinawheresoilis deficient inSe

Symptoms nausea
dizziness

muscledystrophyI Igaigementofheart cardiacfailure

Toxicityselenosis Se is present inmetalpolishes antirustcompounds

i people handlingthese generallydevelop selenosis

Symptoms lossofhair
weightloss

irritability

diarrhea

garlicodortobreath



body an 2mg
prostrategland is particularly rich in 2n

Source meatmilk eggs shellfishfjjffma.my
absorbed induodenum

metallothioneen facilitates an absorption

a a promote an absorption aa aminoacids

Excretion excreted through feces

smallamounts are excretedin bile

notnormally excretedthroughurine

Action
Formationofcertain metalloenzymes carboxypeptidase RNA polymerase CarbonicAnhydrase

alcohol dehydrogenase cytosolic superoxide dismutase soD retinal reductase

Participates in visualcycle as a componentofretinalreductase it helps inregeneration

of rhodopsin
Antioxidantrole as a component of SOD
Hemesynthesis as a component of ALA dehydratase
DNA RNAformation celldivision

zinc fingermotif facilitate binding ofcertain transcriptionfactors with specific regions

ofDNA
Insulinsecretion an is requiredfor storage secretionof 2n frompancreas
Immunity an maintains integrity ofimmunesystem
Tastesensation 2ncontainingprotein gusten in saliva plays animp roleintaste

woundhealing

Normalreproduction an is requiredfor sexualmaturation



Deficiency

w commoninchildrenofdevelopingcountriesduetolackofconsumptionof non vegetarianfood highphytate
content diarrhea

andeficiencyofpregnantwomen spontaneousabortion congenitalmalformations

Symptoms poorwoundhealing

anemia

lossoftaste sensation
hypogonadism

diarrhea

growth failure

Acrodermatitisenteropathica autosomalrecessivecondition

defective anabsorption

acrodermatitis is inflammationaroundmouth finger noseetc
diarrhea

ophthalmologic disorders

hypogonadism

Toxicityseenin weldersduetoinhalationofanoxidefumes
Symptoms nausea

gastriculcers
pancreatitis

pulmonaryfibrosis
vomiting
anemia
excessivesalivation



Molybdenum Mo

bodycontainsabout9mg

IDA 4smy
Source richincereals legumes greenleafyvegetables meat

Functions imp role in RBCsynthesis

componentofmany enzymes xanthineoxidasesulfiteoxidasealdehydeoxidasenitritereductase

Moworkswith riboflavin to incorporate ironintoHb

Deficiency Rare

neurologicalsymptoms mentalretardation

mouth oesophageal cancer



ManganeseMn

bodymanganese 15mg

Z cereals nutsfruits tea

IDA 5 6mg
Functions asan activatorforenzymes mitochondrialsod pyruvatecarboxylase arginase squalenesynthase

Gluconeogenesis pyruvate carboxylase

Fattyacidsynthesis acetylcoA carboxylase

glycoprotein chondriotin sulphatesynthesis glycosyl transferase

Cholesterolsynthesis squalenesynthase

Inhibitionoflipidperoxidation SOD

RNApolymeraseactivity

De ney rare
reportedincaseofproteinenergymalnutritionPen diabetes pancreatic insufficiency

impairedgrowth skeletaldeformities

defectiveorganic matrixofbone cartilage

raisedseaumALPlevels

abnormalreproductivefunctions

Toxicity overconsumption is unlikely

canbecaused on prolonged exposureto Mndustin miners

excessMnaccumulates in liver ons

severeneuromuscularsymptoms similartothoseofParkinson's disease


