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SUMIIARY

Taken on a world basíe, the nunber of people affected by

iron deficlency a¡¡aemLa is eecond only to those affected by

protein deficíency. Intensive work over many yeare hae faLled

to a¡rswer eatlsfactorily Eo¡rE fr¡ndanental questLone concernLng

the ræchanism of gastrointestinal iron absorption on the homeo-

atatic control of the extent of iron absorption. In partJ.cular,

it Ís not u¡rderetood why lron Ls absorbed predonLnantly Ln the

d,uodenum, tTre most, alkaline part of tl¡e intestinal tract, fot
at high pH values Lron salts preeipitate as extremely lnsoluble

hydroxídes which raadily form lnert hígh molecular weight

aggregates.

Many plants growf.ng fn aLkaLLne soil becone lron deficLent

a¡d der¡elop iron chlorosis. Spectacular success fn controlling

this dLEeage has been actrLer¡ed recently by the use of synthetLe

etrelates of Lron $rùieh, unllke organlc Lron aalter â!ê stable

and soluble even r¡¡rder alJ<aline eondltions. The first part of

ttris investigation, ttrerefore, was deefgned to establlsh wheÈher

slnthetic chelating agente can affect lror¡ absorptJ.on Ln mar1.

Studies vrere carrj.ed out on healttry hr¡nan volunteers. Rad.io-

actLr¡e iron-59 and a whole body counter were used to determine

logs of ingested radioactJ.vÍty after 14 days. f t was for¡nd

tl¡at both the synthetlc chelatl.ng agants ethylened.LanLnetetra-
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acetlc acid (EUIA) and dLethylenetrlanrf.nepentaaoetic acl.d (II[PA)

could profourdly depress fron abeorptLon 1n man. The effeot of

varyLng tha molar ratl.os of tl¡ese ct¡elatLng agenta to Lron waa

studLed. It, wae foru¡d trhat vhen adnlnietcred Ln a ls I ratLo

nclther agent, had any effcct, whereae the absorption deprorslng

effect wae narked at r¡tl,oe of 10:1 and 50¡1.

SlmLlar etudiea rerê carrled out ueLng thc keto hexoee

fn¡eto¡e whlch uaE for¡nd to hane no effect 1n 1¡1 or 10¡l

ratLoe, but vhlch enha¡rced Lron absotptlon when gl.ven ln a

50:1 nolar r¡tio vlttr reopeet to Lron. No effect on Lron

absorption wea for¡nd Ln parallcl ctudLce vith glucoce vhlch,

r¡nlfke fructoee, ðoea not cTrelate lron strongly. fn vltro
studf.e¡ were rrrdertaken to eqllaf.n ttre d.lfferLng chelatl,ng

abtltty of these tno sugars. It wae show¡¡ that the fron

chelatLng ablltty of gom augare f.e relatcd to tlre preaense Ln

thelr molecules of a dlhydrory acetone stnrcture. Thls ls a

prop€rty shared by fruetoae ar¡d all other kcto sugars but

laclclng Ln aldo sugars and èlsacctrarLde¡. On the basi.g of thcse

er<perirnents the iron drelatlng ablltty of the sugars tagatoee and

sorboee was predieted a¡rd sr¡beequently denonstratad. The

dlfferlng Lron chelatlng abtltty of, theec groups of eubstansaa

was propoaed aa a funda¡nental differenee Ln the ehenieal

properties of keto and aldo sugars.
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Theee findlnga led to tJne grreatlon "Do cl¡elatlng agents

normally affect lron abaorptíon Ln nan?n Ihe next phaee of

ttre ingcstlgatLon, tl¡ereforer was a Btudy of the extent to

whictr man encorurters chelating agants in hLs food, Ín the

inte¡rnedlate or end producte of food digeltion, or I'n druge.

îhe poeslbtltty had to be co¡rslderèd ttrat endog€nous chelatLng

agGntt could be produccd. Before rurdertakLng this work lt

waE necesaarf¡ to davelop nev nettrods and adapt exletLng onca

becauee of tl¡e corçlex nature of the biological eanples Lnvohrcd.

Laboratory nrert.hode for tJre detection and cÌraracterLgaÈlon of

ctrel,ating agente includ,e Íaeon-exchange a¡rd thln layer chromato-

graphy, vLsl,ble and ultravl,olet spectrophotonetry and a slmple

a¡rd Eensitfve radlolron soh¡bilfty test.

Studl.es of food were coneentrated on tl¡e carbohydrate

anrylopectLn. This lnportant coryonent of ttre hru¡an diet was

shown to react wlttr sall,va to form wlthln I to 2 ninutes a

product whtch lg a powerful fron chelator, yet furttrer Ba1lvaÈf/

hydrolys!.s car¡sod rapLd dlsappearance of Lron chelating ablllty.

ThLs led to the proposal of the hlpotheeis I ptyalin actE l-n

tjre Lntestinal tranEPort a¡¡d absorptl-on of metalE, not, Ln the

fnÍtiation of earbohydrate df'geeÈl'on.

Allopurf.nol a¡rd saLlcylLc acld were the two drugs etudfed

for tTrel,r effects on iron absorptLon, ÀIlopurLnol, a xa¡rthlne-
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oxidase lnhtbttor wat for¡nd to have no effect on Lro¡ abcorptLon

rnder the eondl"tLona of the cnperLncnts. It was emcluded ttrat

nucogal xa¡rthfne-oxl,daee fs not an trnportant controller of the

fron valency state. Sallcyltc acld, a pmerful Lron ehelator,

war for¡nd to hane no effeet on tt¡c absoqptLon of ferrous or

ferrl,e f,ron. In vLtro studfes showcd gaetrle Juice bormd iron

orlsn tûo¡e strongly tùran eallcyllc acLd, ttrus explalnfng the

tncffectl,rrcnees of t*rls agent. therefore, etudies of endo-

genous cùrelati,ng agrenta w@re coneentrated on hrnan gastric Juíce.

Resolutfon of gastrLc Julce by nolecular eLevlng on

Sephadex colr¡¡urs and by polyacryla¡rLde dLsc ael electrophoresLs

denonstrated ttre pr€sence of a hlgh molecular welght Lron-

blná1ng proteLn.

At t.l.ls point in the lnveetf-gatl.on lt had becom clear that

f.ron ca¡r be absorbed readf,ly by the duodenal mueosa because Lt

Ís Ln true eolutlon ae a chelate aLttrer of food or food break-

dæa snbstances, or llnked to an endogenous chelating agent.

In this solt¡ble forn lron would be free to engage f.n exctrange

a¡rd tra¡rsport reaetione. lfhe qræation to be anslvered then

becane: "lilhy is not an exceasir¡e a¡nount of iron abeorbed?r

ån Lnðfcatlon ttrat ttre role of the gastrl-c Jt¡tce Lron-

blndlng protein ls to lnhiblt Lron absorptlon has been provLded

by t*re obcer:\ratio¡r tlrat tt¡ls st¡bstance fs greatly reduæd or
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abcent ln anbJeets wLth ldtopatÌríc haeuochronatosis.

It Le coneludeð that t.l.e chelatLng agonts preaent Ln food

a¡rd foned ac intenædiate productg of food dÍgestf.on tte an

tnportant part of t}re physfologlcal recha¡rfsn whlclr pernLts

ttre absorptlon of fron frour the alkaline environnent of the

duodenrn. The endogenoue ctrelatlng agents present, Ln euch body

fh¡lds as gastrlc Juf.ce nay rell serue as part of the control

¡nechanl,gn lirnLttng lron abgo4¡tion by operating aE a negatJ.vo

feedback mecha¡rism,
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I deolare tbat thlg thrls La of rI, ora cqtoritlon
and that Lt i¡ a ùtue racorð of orlginal rork vhlch has

nst been subnltt€d for the arardl of any ilagrne or df.pløa

l¡ a¡y tlnlvtrslty. 'ifo the begt of üy Inwladgre and

beltef the tåesLE eoatains ¡o n¡terial prevlously

publiahed or rrit'ten by enotlrer pereon, e:rocpt rrhen duc

trforenec ie madê to such ratartal f.n tåe t¡rù.

Deæuber, 1965.
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CEAPTER I

INTRODUCrION
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Understandl,ng of the normal necha¡rLsm of gastroLntestlnal

absorptlon of a number of essentlal trace rctals Ls poor. Such

netale include lron, eobalt, nanganeser nolybdenun' copper and

rlnc. In nature, in both plants and anlnals, a nu¡riber of over-

load and deflciency condltlong of these netal¡ i¡ recognlsed.

Theee abno¡nal Etates hane f.npllcatLons Ln health a¡rd disease

for hr¡nanE a¡rd Ln agrietrlture. For exanple, iron defl.cLeney

occure botTr In hr¡nan beLnge and 1n planÈs. In tbe case of

hr¡mans, Lron defLciency ranks gecond only to protein deficLency

aa a nutrltLonal world health problen (Coons' 196¡¡l WLtts'

1966) , anð has been the obJect of fntensL\¡e Etudy by the Ílor1d

Healt!¡ Organízation (1959) .

Iron defLcl,ency anaenia LE a .tl sease whl,ch Lg not confined

to the poo¡¡er countrl,ea where nutritl,onal defLclencLes are often

agrglravated by ttre chronlc blood loss resultLng fron hoolswonr

Ínfegtation. In htghly developed western countriee calorLe

requlrenents for both nen and wonen decrease as lncreaging us€

Ls nade of machines and tt¡i¡ often results ln an lnsuffLcLent

dJ.etary Lntake leadLng to Lron deffcÍenc.y anaemJ.a (Hallberjr,

Bögdahl, Nllseon and Rybo, 1966).

Iron overload states are aacoclated wLttr dLeeaeee such as

haenochromatosÍs, haeuosiderosLe, Bantu sLderoais a¡¡d Kaschin-

Beck disease (Beutler, Fairbanks and Fahey, 1963). ån

inportant cause of accidental death ln young chlldren Ls
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pot.eoníng from ingestion of attractLvely coloured sugar eoated

fenoue sulphate tablets.
The prevalence and. serLousneaa of the¡e digeaeee u¡derllnee

the need for a greater undergta¡rdtng of, the nrccha¡rf.em of gaetro-

intcetinal iro¡r a"beorptLon fn man, a¡rd fn particular, of tl¡e

control rmchanlsm whf,ch regulaÈes ttro extent of abaorytlon. Th€

need for a Einilar undergta¡rding of the abaorption mechanien of

otl¡er metal¡ rcntloned abona ig relatcd not only to the d.ieeases

agsociated wLttt their defisl,encr:f or Gxcest but algo to tl¡e

exLgtence of LncreaginE quantitl,es of their radioactívo isotopes.

Thl,g poses a potential hazard to populatlonc expo¡ed to these

Lrotopes aa nuclear reastora bocme nore wfdcepread and radLo-

fsotopee arre norÊ extencívely uscd ln regearch a¡rd Índ,uatry.

Iron ie a ublquitous element, the fourth no¡t abunda¡¡t in
the earthrc c¡:t¡st, comprislng l.? per eent of tha lltttosphera.

IÈ Ls tÌ¡e moat abrndant elenent lf the total sub¡ta¡ree of the

planet 1¡ concl.dered. Iron Ls tn €aasntial nutrLent not only

for animals but for plants and mLeroorganlsna as well. A

problem of great eeonomic iryortance in hozticulture is the

tnabtltty of nany pl.ants græLng on alkaline soils to obtaLn

eufficient i.ron for tlra nomal productLon of chlorophyll. lhe

¡rccultant diseaee of fron ctrlorosfg in nild fom Ereatly
Lnpaf,rs tlre grwth a¡¡d fruit bearlng eapacity of the plants and

t f r¡nehecked often ktug the plant. rt Ls ra¡r for there to
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b6 an absoLute shortage of iron ln any sofl tyPe a¡rd iron

chlorosis Ís tlrerefore caused by a¡¡ r¡naval.labtltty of lron,

usu^ally becauee of alkallne condLtLona in ttre eoil (Wallace t

1962, 1966). At hígh pH atl Lnorganic iron salts form the

extreuely lnsolr¡ble ferrous 'or ferrfc hydroxldec. Thege

hydroxidce read!.ly turdergo partfal hydrolysLs leadlng to

"olation" in whLeh ttre uretal Long atre JoLned by brldglng -OH

groups. ID tt¡ta way hLgh molccular weLght aggregates are

butlt up a¡rd form polyner prectpltates whieh bccone lnereasl'ngly

cl¡enLeally Lnert as, wLtl¡ agelng, tbey fo¡rn iron oxLdes whlet¡

are not avatlable to the ltving oryranl8n (PerrLn, 1964) .

A speetacular advance Ln the treatment of Lron ðeffcfency

d{seaee¡ J,n plants was pioneered by Stewart a¡rd lconard and co-

workers tn 1952. Thelr work was eoneerned largely wlth the

cj-truo erops ln Florlda and ls dlscussed by Chaberek and

tdartcll (1959) . Control of lron chlorosls vaE achier¡ed through

appll.catlon to the go11 of synthetLc ehelates of Lron eueh as

ethylenedlanrinetetraacetLc acld (EDTA) r hyd.roxyethylethylene-

ôLam{ netrLacetfc acl,d (HEDTA), and diethylenetrLa¡nlnepentaacetLc

aeÍd (DtfllA). Theae conpounds react witt¡ lron salts to fornr

ætal chelate comporurde whf.sh remain sol¡ble evGn at alkaline

pH. When applted to the sol,l they are talcen uP by the plant

roots ar¡d tran¡located to the leaves Lntact. In the leaf tÌrese

netal chelate conporurds are subJect to photodeconpositton
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resultlng 1n tåe llberation of lron where it ls needed to play

Itg rolø in ehlorophyll blosynthegLE (Ytallace, 1962, 1966).

Advances Ln the control of trace rretal defLcl.ency condJ,tlons

fn plante have been brought about Ln two ways by the use of
eynthetic chelaÈe complexes. FLrst of all, the a1mühetic

¡retal chelate compounds of a varLety of essential trace metals

arc being ueed experf.mentally a¡rd cornnercfally for the

successful control of ætal defLeLencles Ln plants. More

irrportant, hor,vever, has been the grord-ng awarenesa a¡rd r¡nder-

standing of biologLcal chelatLon phenomena whfch have cone

about through the uee of these eubstances aa experi.nental toolg.

Ultl,nately, one would hope to see the wldeepread agrLcultural

uee of tlrese relatlvely e:çenei\re substanees decrease as

lncreagLng underetandlng pointed the way to agrLculturat

pracËl,ses whfch made use of the natural bLologLcal chelates

for¡ed by soJ.l microorga¡rl.sme and plants themselnes when grown

correctly.
Su¡prlsfngly, alttrough slmtåetLc ehelating agents ha\ro

beea -oued extensLvely in hortLcultural research and practLce

eÍnce 1952, comparatively llttle use has been rnade of tbeee

subeta¡rces in redf cine. Uost, of ttre work t.hat has been done

has been ccr¡rcerned with the parenteral adminlstratLon of

ehelating agents such a¡ BritLsh Antl-Icwl,site (BAL: 2,3-dl-
nercaptopropanol), Penlcillanlne ( ¡ ;8-atnrethylcysteine), anð
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recently DesferrLoxanLne for the mobLllsatlon ¡nd excretion of
u¡rwanted metale encountered Ln rnetal or¡erload conditlons euch

as haemochromatosLs, I,ilflsonrs dfsease (a cllnleal condltLon

characterl,sed by copper overload), or pofsonlng by hearry netals

or radloactl,ve figelon products. Little lnfo¡matlon is
avallaÞle on the effect of orally adntnLstered chelatj.ng agente

on tÌ¡e gastrointeetinal absorptlon of netals Ln ma¡r, and indeed,

the few reports Ln ttre ll.teratutre are Ln conflLct. So¡ne

inrrcetlgators hane reported that EDIIA wlll lnpalr iron

absorptlon (Brise and Hallberg, L9621 whLle others haræ

proposed the use of Lron-EDTA as a haenatlnl-c for the prornotfon

of iron absorption (Laplnlelnu and TÍegellus, 1959¡ HodgkLnson,

196L; Herrfdge, 1958; WtlI and ViLter, 195{). Bothwell and

Flnch (1962, p. 96) say in this regard 'fron borurd to eynthetLc

chelates such as veraenate Ls well absorbed by plants a¡rd a r¡r¡i-

cellular organiem hae been deecrlbed that secreteE Lnto the

sulrounding nedium a Er¡bsta¡rce that facilitates iron absor¡ltLon.

It is, therefore, tenpting to propose that a mecha¡rism night

exist in ma¡r by which aome chelating substanee is secreted into
tt¡e lunen End blnds the iron prlor to its absorption. At

precent ttrere is no cx¡lerinental evLdence to support or exclude

euch a concePt."

A further observation wht ch proryted the study reported Ln

t*ris ttresis was the recent dLscotrery by Saltman a¡rd hLs co-
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workers ttrat the naturally occurrLng hexose sugar fructoee Ls

eapable of formlng a highly stable chelate complex wlth lron

(Charley, Sarkar, Stftt and Saltman, 1963) and ca¡r facilitate

t.þe nonement of l-ron aerosa blologtcal membranes (Stltt,

Charley, Butt and Saltman, 1962) . Beeauce of theLr lnrportance

as foodstuffs the effeet of fructose and other sugara on iron

abeor¡ltion Ln man ls of obvLous Lmportanee.

Because of the high incldence of dLseases of fron

netabolLsm and the basic guestf-ons concerning the mechanLem

of Lts absorptLon which remaLn unanswered, l-t rvas decided to

coneentrate the study on the netal iron. The developJ.ng

obJects of the inveetLgatLon reported ín this thesL¡ were

flrst of alL to answer a nrmber of specific questl'ons:

i. Do orally ad¡ninLstered EynthetLc chelatlng

agents affect the gastrofntestl-nal abeorption

of Lron in ma¡r?

iL. How are the conflicting literature rePorts to

be erçlaLned?

LLi, Does frnrctoee enhanrce Lron absorption I'n nân?
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Ly. Does glucosc enhance lron ebsorptton ln m¡n?

V¡ Iltry ahould f,ructose, but not glucose' strongly

chelate Lron?

vL. In praatíce, doee !¡a¡r eneount€r ætal chelating

agents in hls dict, in dnrgsr or doee he

ua¡¡ufacture and eeercte then into the grut h¡ren?

It wae hoped that a¡arera to theee que6t'|ons night sbed

furttrer ltght on ttre uecha¡rLen of lron absorption anð on tt¡e

phyalologLcal control æctra¡l,em regrulatlng the extent of Lron

absor¡ltLon.
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1. Gaetrolnteetl.nal lron AbsorptLon

Revl-ewe of the volr¡nrLnoue ll.taraturê on lron abaotlptlon

hane recently been publl,shed by Josephe (1958), Callender

(19591 , Beutler (1961), Botttwcll and FLnch (1962) , Beut1er,

Faf.rbankc and Fahey (1963), Coons (19541 and Callender (1961) .

It Ís proposed here merely to draw attentl,on to eertaLn

calLent points concernlng lron abcorptLon whLch have had

relevance to the present inneetf.gatLon.

In thc healtÌry hr¡man body a eerlee of physlologLcal

uechanl,sns operatee to nal,ntaLn honeostasls. I{here netalc

such ac aodlum, potaeeirn, calcLu¡r or nagrncslun are concerned

any unyanted excese whLel¡ nay occur wlthi.n the body ls renoned

by excretf.on, uaually vLa tlre kldneyr or vLa the lntestlne Ln

the fleces. In 1937 ttlcCa¡rce anö l{lddorron made the classLc

obaervatLon that no mechanl,¡n exleted for the excretLon of a¡r

u¡rwa¡rted excess of Lron fron thc body. they postulated that

the amunt of Íron 1n the body Ls regulated by eonùrolled

absotptl,on, and polnt¡d out that parcnteral lnJectLon of lron

ls not follosed by lncreased urf.nary or faecal excretl,on of

the mtal. Because of thla peculLar behavl,our of lron nruch

regearch worh in ttre last 30 years has been concentrated on

the role of uucoeal abøorptlon fn regulatLng the bodyrs l.ron

@ntent.



I

Pr¡bllshad studles of Lron absorptLon fall into three

catcgorLce aeeordLng to vhether tJre sourceg used werG slnple

ferrouc or forrLc corpounda, lron fncorporated f.nto food-

stuf,fsr or haenoglobLn lron. ft appêars that there are

lqrortant dlffcrcncrôa Ln the node of abaorptfon of tlreee

dl,fferent fore of Lron. ID any enent, 1t Le to be noùed

tlrat the nornal dietary lntalce of. lron ls about 15 ng. per

day, that Ls, about 5 ug. ¡rer mal. Muctr of the earlfer

exp,erl-mnta1 work was carrlcd out wl,tlr lron doees of 100 to

800 mg. of lron which lie well outeLde the nonmal dletary

nngê, and regult¡ of guctr work ¡oust be applted wlth great

eauùLon to tl¡e no¡mal phyrfologl,cal cLtuatfon.

Furtbemore nuch of the experfmental work on Lron abcor¡l-

tfon, Lncludlng soæ experLmentt reported ln this theefs,

have bocn carrl,ed out uglng laboratorT a¡¡Lmals a¡td not on matt.

Often thcee cxperÍrents haw been perfoæd on everted, or

Lsolated loops of Lnte¡tine from whleh tlre natural excrctlong

havc bçen r¡ehcd out. It ea¡rnot be too strongly eryhaafacd

tt¡¡t tt ntght not be approprLate to extrapolat-e tÌre ¡¡eeulte of

sush erperfuents to ttre hunra¡r situatLon. 'lfhe danger Le

ecpcctally real wlth experiments uslng Lron as lts chenf.cal

a¡rd therefore metabollc behavÍour dependa largely on Lts

valenclz state and tlpe of chenlcal embl.natfon. Theae in
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turn arG go\¡erned by the lunLnal envLronnent wLth respect to
pE, redox potentlal, other cbenl.cal epecLes prasent, reel,denoe

tltno of infcEtinal contents in different regf.ons of the gut

and quantity of bacterial flora, There are great epeciee

varlations Ln these factors.

Iron l¡ lLberated fro¡r food dtrring digeation ln ttre stonach.

Sa¡¡ford (1960) pregented regults of a study of the effecte of
Ln vLtro acid-peptle dtgestl.on on a nu¡nber of cooked a¡rd uncooked

food sr¡bgtanceg. The ef fects of saliva a¡rd substances present

Ln gaetrlc Julce other the¡r pepaln and hydroehloric acid were

not conal,dered ln thie sork whl.clr was ained at detennining the

anount of Lron rcleased from food rnder the e:qrerlnental

condltlons uged, Sa¡rfordra work showe clearly tt¡at acid-

peptlc dlgestLon æleaaes a large proportlon of the lron fron

cooked foodstuffg but lc rêlatLæly lneffectl.rrc wLtlr raw food-

atuff¡ 
"

Iron abaor¡ltÍon by nuco¡al cell¡ oceura prodørinantly Ln

tåe duodenun (Gabrto ar¡d Salomon, 19501 GranLck, 1916; I{treby

aad Crocby, 19631 whl,ch ls tl¡e nost alkallne part of the

gartro-fnteetl,nal tract. Iron abeorbed by mucocal cells Lg

clther retained l,n tlre body rhen lt 1g passed on to tra¡rcferrf.n,

the lron blndfng protel.n of blood plaena, or Lt Ls loet to the

body whon thc nucosal cell is exfollated at the end of fts llfe
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span (Crosby, 1963; Conrad and Crosby, 1963; Conrad, YfeLntraub

and Crorby, 196{¡ Wheby and Crosby' 1963¡ llheby' Joneg and

Crosby, 196{).

Ferroue Lron Ls absorbed more readl'ly tha¡r ferrlc Lron

Ln ttre rat (Groen, Van Den Brock and Veld¡ran, 1917;

Venkatachalan, Bradlng, @orge and lilalsh, 1956) . BrLse and

HallÞ€rg (1962) lnvestLgated thle phenoaenon in ma¡r a¡rd found

that wlth a do;e of 5 mg. of iron ttrere lraÊ no difference Ln

the extent of abøorptlon of ferrous and ferrÍc íron. With

Lncreaslng docee, progrereively greater differences we¡¡e noted

(3, lt 5 a¡¡d 7 tl¡nes as much ferrous as ferric iron lrere

abeorbed rhen doees of 30, 90, 150 and 210 mg. respectlvely

wBrB gfven).

Wtth Lnorganlc lron, ttre greater the dose admlnfstercd',

tlre nore wtll be absorbed, althougtr the pereentage will drop

(Snlth a¡rd Pa¡¡nacclulli' 1958).

Iilhen tl¡e abgorptlon of ínorga¡ric and haemoElobin íron is

compared in ttre sa¡ne fndLviduals lt ls found that haemoglobin

lron ls absorbed only about half as well (Callender' 196{).

EaenogrlobLn iron Ls absoúed at a different rate from Lnorganle

f.ron, the peds of abcorptLon being conslderably later than with

LnorganLc íron (Turnbull, Cleton and FLnch, L962¡ Baruretman'

1965; Conrad, 1966), St¡bstanceg whLctt interfere with the

absorption of inotganlc 1ro¡r do not, appear to Lnfluenee ttre
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a.bsorption of haernoglobln Lron, narely, phyates (Tunbull et

alLl . L9621, desferrloxanl.ne (Ewa¡rg and Brotrn' 1965).

Iron fn foodgtuffE is, ln general, not abgorbed as well

aB lnorga¡rie lron eyen when the need for Lron is great. The

extent of absorptlon of food Lron has been Etudled exteneivaly

by lrloore a¡rd co-workerE (uoore' 1960) - Àgcorbic aeLd hae been

shown to enlrance the absorptfon of t norganic Lron (Brl,se and

Eallberg, 1962) ar¡d food Íron (Chodoe, Ross' APÈ, Pollycove

and Halkett, 1957; Irloorg and Dubach, 19511 PirzLo-Blroll et

altt, 1958) but not haenoglobln Lron.

In srmuary Lt nay be saLd that regulatlon of tlre I'ro¡r

co¡rÈent of the body is effected not by excretLon of exccss

but by restrlction of abaor¡rtlon. There aPpeare to be no

physf.ologLcal ¡nechanisn for rLddtng the boðy of urwanted

êxcegg Lron.

The iron content of the body is { to 5 grm. Porphyrln

coryounde accoturt for about 70 ¡rer cent (hae¡noglobLn 65 per

cent, nyoglobfn 3 to 5 per eent) i storage lron 30 per cont

(ferrltLn and hae¡roEtderLn) r and the rest 1s found f.n enzlmer

(cytoehro¡es , catalaEe , pe roxLdase , xanthine oxLdase etc. ) and

Ln the serì¡rû bor¡nd to ttre transport proteLn traneferrln

(Bothwell and Flneh, L9621.

In the healthy adult male the daÍly losg of lron - about

0.6 ng. - le through urÍne, sweat, exfoliated ceIl¡ fron ttre
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ekLn and gastrolntettinal tract, and posstbly blle. In the

f,e¡nale, lron loeses ctn be greatly Lncreased through

ænstruatl.on, preffnancy and lactatlon. Tlzptcal losses for

a renctruating ronan are about 1.2 ry. por ôayr although

Prl.ce, Forsytlr, Cohn ar¡d Cronklte (1964) have ehown tl¡at

menorhagla can result Ln losses as great as 7 mg. per day.

DurLng pregnancy, lron ÌoscEc Lnerease to a ¡raxl,ruum of about

2 ng. per day, fron lo¡aes durLng lastatfon ara related to

ttre volr¡re of ntlk a¡rd the duratLon of lactation. Hunan mtlk

contaLns 0.5 ng, Fe per litre.
It should be emphasised that tlre outstandlng souree of

iron loss Ís bleedlng. The lron content of the blood |s

500 nE. par lltre and apprecl,able lron losa can oceur because

of, chronfc a¡rd r¡nnotLced bleedLng Lnto the f,nteetLnal lumen.

Dietary lron. lables of lron content of dlfferent food-

stuffs are available from many aources. Such a oner after

Bottrwell a¡rd Fincb (L962) ls given Ln lable I, and the flgures

for tìe iron conÈent of carbohyd.rate ¡naterials are given in

Table 2 (Diem, 1962). The value of sueh data Ls llnlted by

tl¡e following consLderations: the Lron content of food

materials varLes greatly g"€å'€.ty according to the sofl type

and agrlcultu¡al practLcet tlre Lron content of PrePared food

depends on tl¡e food processing, ttre parts discarded d,uring



lable I

Ir,oa Contcllt of looðEtuffar

Foodstuff Fo ry.r/I00 ga.

Aeffured sngar

ril¡E

f¡nrtt
Potrtocr

Rlec

Coln, ral¡o
llhcat

fucelc u¡atc

Inafy vegrctaÞlea

Eggg

Iagnæa

0

0.I
0.{ b
0.? to

0.9 to

1.8 to

1..0 to

I.5 to
1.1 to

2.5

4.0 to

o.E

1.0

l.l
2.3

{.0
2.;
2.9

8.0

rfron Bothsell a¡rd Plnctr (19621



Teblc I

Iron Contcnt of Carbohydratc ü¡terLelgr

Foodstuff Fc nrg./100 gm.

Flour, eorn, whole,
unbolted

Flour, ¡iLce

llour, r1zo, dark

Flour, rrhcat, whole

Flour, rrheatr rhl,tet
ur¡enrl,ol¡ed

Flour, eoybcanr full fat'

Flour, soybean, ædLnn fat
l,facaronL, unenrLchedr dry

Noodleg , uncnrlched, dt:f

Oatflakee

Cornfldce¡

2.1

0.9

{.8

2.'

0.7

12.1

13.0

1.5

2.1

3.2

1.0

rf,ron Dlen (Ed.l Docr¡uonta Getç¡y-
Ecicntl.fLe Table¡ (1962)
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preparatfon, the tlpe of eookLng and the eheml.eal compo8Ítion

of the cooking utensLls used; the avallablltty of iron appears

to dl,ffer from one foodstuff to another (I,toore, 1960).

In eoncluding thls brLef dleeusslon of the lLterature of
Lron absorptioa Lt Le worth not,Lng the renarks of Bothwell and

Fl-nch (1962, p.10¡l) coneernLng the areaa of J.gnorance ln thLs

ffeld: "Àlthough the studlee that have been done on the

absorptlon of food Lron provlde a fourdatíon for undersùandLng

soæ of the guantÍtatLve aspects of iron balanee, present

ínfomatLon Ís gttll fragrmentary, and vfrtually nothing Ls

known of the absorption of lron from the great etaple food-

stuffs of tl¡e world such aa rlce and wheat.'

2. The Chemistry of Iron

Itlost, of the essentÍal trace netalE includl.ng lron,
manganeae, eobalt, eopper and molybdenr¡m are tra¡rsLtl,on eleuente

a¡rd have nany chemLcal propertf.es Ln coronon, Sor€ particular
aepects of t,ranelti.on element and iron chemJ.stry have been

sLngled out for dj.scussion belor¡, either because they fom
the basLg of experimental methodE ueed tJrroughout thLg study,

or becauce they are of help Ln relatlng molecular structure to
blologLcal fr¡nctl,oD.
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Tbê transltLon elaænts ara defLneð a¡ tùose eleqcnts fn

rl¡leh tl¡e two outemost shell¡ of orbl,tal sleetrona aag

Lneou¡rletc. ![ore preciaely, ft ca¡r be 3â1,ð that tåcy are

the eleænt¡ tìc atong or fons of whlch eontaln partlally

flllcd d orlcltels and which are charasterLsed by ttre partl.cl-
patlon of d orbitals ln d¡cnf.cal bond formatfon (Laraen, 1965).

The tra¡¡gftLon uetalc a¡e dcn¡er a¡¡d have hlghcr naltLng

poLnta tåarr the nontraneltfonal netala auclr ae potacaitn or

eelclt¡n. I|lrcy ¡bw a vLdc rangc of valency statcs ürd thus

arG ¡D L4rortant ¡ouree of oxLdleLng a¡rd reduclng agontr.

thclr salts ¡rc u8ua11y coloured, r¡nlfke tho¡e of tåe non-

Èr¡neltLonrl ætals rnd tlrelr cor[tound¡ exhLblt tl¡e propcrtry

of parenagnetian - ttrat le they are drarn lnto a etrong

nagnetlc fleld. Ihe¡e elerncnts also exl¡tbLt thc property of

aonbLnfng vl.th a wl,de varietlz of organle Llgande to forn

aoordl"n¡tlon conpoundr and netal ahelate corylexct. Thc

tranaltlon mtalg a¡rd ttrei,r corqloundr poasGas narksd catalytie
propcrî,l,cs in both chenfcal e¡rd bLologLcal ayrtems. All
thc¡e propcrtLes are related to ttn rmpalred electror¡ in the

r¡rf,tllcd d eholl .

fron he¡ two eo!6on valency ¡tateg, Fc#-ferrous rnd

Fe#-f,arrlc. :rhc fcrrLe etatc Le the rcre gÈable ln
golutfon. ID aquêoug aolutlo¡¡ ætalllc Lon¡ do not cxL¡t aa

rucl¡ but are hydrated. The nr¡mber of water noleculce bou¡rd
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by the ¡netal Le the coordLnatl.on number, whlch for both Fe

a¡rd Fe.H Le eLx.

Fe c13 * 6H20 + lrertltHrO¡ol#cl-s
Fe C12 + 5H20 + lrerr(n2o¡si++c1-2

' TheEe hydrated catl.ons atíe aclds becauge they ca¡r react

vlth water to produce protonc:

lr"trt("r0)sl# + H¿g * [re¡rr(os) (H20)sl# + H30+

âg the pE of a fcrrle sol.utLo¡¡ lnereasGa, the insoh¡bte

hydroxidc L¡ for-ncd. lfhe golubtllty product of fcrrLc

hydroxtde le cueh tl¡at when the pU of a 0.001 l{. aolutlon of

¡ fe¡rie ¡alt l¡ ral,ged aborrc 2.1 preclpitatton oeeurs.

Hydroryl grorrpla are able to act ae brLdgee Ln the formatlon of

polynerf.c specl.ea¡ tlrle l¡ tl¡e olatLon reactlon. Such poly-

nuclc¡r coqrleree are forned relatl.vely slowly but rhen forncd

arc often extremcly lnert chonically.

llhe comonly encountered ooq>ormd¡ of lron tl¡at havc the

lowc¡t aol¡btlltlee are the hydroxl,do and eulphide. ÍEheEe

chc¡nLcal propertJ,ce of f.ron are armtarf.eod, ln table 3.

Radl,oactlve Íro¡¡. The propertLee of the radi.oaetLve

f.aotopoc ol Lron atre sumnarised ln Table l. In all thc work

rcported ln ttrLe tlreeie the radLoactLve J.eotopc re59 has been

uced and has bcen deù,cctcd and eormted el,tl¡cr by Lts B radiationc



Table 3

Propertl.es of lron

Synbol: Fc Atonlc Nunber¡ 26 Àtool,c lfeightr 55.847

Natural abtmdance of elements in earttrrs crust: (21

Elenent t Àbrmda¡rce tn lt thoaphere

lg.l
25.75
7.51
1.7

(1)

0

si
À1

Fe

Iron eontent of lrrsar¡ body = 4 gm.

Iron eo¡reentratlon Ln hr¡man body = I gm./70 kg. = 0.006t.

Standard potentt al values of íron Ql

Reactlon

Fe

Fe3+ +e

2+ + 2e- êFe
tFe 2+

Fe(oH)r + e- * Fe(ott¡r + oH

Fe(OH)2*2e-ÊFe+2OH-

so (v)

0.440

o.77L

- 0.56

- 0.877

Soh¡bllity product

3. g.10-20

1.6 I . 1o-1{
l. l. 10- 36

Ca4pounds of lotr solubtllty
ConpounÊ

Fcrrous sulphlde
Ferrou¡ hydroxJ.de
Forric hydroxidc

(2)

(1)

(2)

Baeed on Carbon-lz.

Kolt*roff and Elvlng (1962) .



Tablc I

Irotopes of lron

l{aturally occurrf.ng etable f.aoto¡ne

Fe lcotopG

l.¡iltope

54

56

57

58

Radl.oactive isotopes of lron

HalfïrE

- Radl.ations fræ ¡hort ltved daughter.

- t of d.f clntcgratLons.

t åbu¡¡da¡¡cc

5.82

91.66

2.L9

0.33

Fe Mode of lÞcay, Energy (Mev), t of DfsLntegratl,onc

52 8.3 hr. I 0.80(2.63)[40t1, K capture [60t]; y 0.17 [100f
+

+53 8.9 nin. ì -2.8 r7.1r1.6t y 0.38

55 2.7 ytr. ß capturc 0.0059 No y

59 ,15 d. Ê 0.4610.2711.56 T 1.10 tl.29r0.19

60 -lOt yr. B-0.13 (0.3) T 0.027 (1,33r1.17r0.059)

61 6.0 nÍn. I 2.8¡ y 0.29

()

t rl
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in a gas flw proportLonal cot¡¡rter or by it¡ Y photons uelng a

sodl.r¡m lodfdE crystal selntlllatfon countcr.

CoordinatLon ct¡emist¡rr of lron. Much of the btological

f,qrortance of fro'n Ls related to Lts abtltty to fom eo-

ordLnatLon corylexGs. Preaent day hnwledge of the stnrcture

and naturre of thesa cmplexes has been gaLneõ oner the lact 75

yeara fron tt¡a work of nany che¡nl.cts. Outstandl,ng anoDg tlrece

have been ÏÍerner, Sfdgfwick, PaulLng a¡rd Orgel. lttonogrraphs

whieh glve gooð accorurts of recent develop¡nents hava been

vritteu by Paultng (1960) and orgel (1960). once agaln, a

few topfcs will be dlecueeed helo because of ttreir i¡q¡ortance;

no atternpt w111 be nade to giræ a corprahenELve ascount.

Iron ha¡ a coordlnatLon nunber of sl,x and the valenoe

bonde are dLrected Èo tt¡e cl.x corncrg of a regular octal¡edron -
tbl,¡ feature semes to orLent th6 moleculee tÌ¡at Lnteract whLle

bor¡nð to lron a¡¡d thus lnfh¡cnees ttre stereochenlstrl' of ouch

reactiong. A Èlplcal coordÍnatLon compound of lron fs
potaeeLum hexaclzanoferratel I I K3Fe (cN) 6. rtr thls curporurd

tbe trLvalent lron atom 1s bound by coordLnate eovalent llnks

to ttre gix (g{)- groupt. As a reeult, the iron atm ls
lnoor¡rorated lnto a¡r a¡rlon fFe(Cll)61---. ThLc fs an lnportant

conrêguencc of eorylex lottatlon and, accordLng to the nature

of the llgande eoncerned, so iron may be present in solution as
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a oatLoa, an anlon otr aB a molegule wtth no charge.

'i[he aton!.e ntnber of iron ls 26 and the conflguratLon of
fts orbit¡r cloctron¡ La 1¡l 2s2 2p3 3at 3p6 3d6 l¡2. Thlg

elcstronic arrangeænt for thc Lron aton and tho¡c for forroua
and fcrrlc Lona a¡e ¡et out Ln Table 5. such an electronlc
confJ.guratlon of a partLally fflled d orbltal eouplcd wlth thc
¡nall lonl'c radll of Fc# and Fe#(lablc 5l nalces'for rcadylovv,r+h"no\

¡t¡ble eompleree. The electrons in the 3d shell arc in fLve
orbltalc, each of rhLsh is capable of accomodating two

electrone of opposite spLn, eo that a total of ten electrons
would bc found ln a completed 3d ehell. rn Lron the 3d shelt
Le lncoryrete, having only five erectrons Ln Fe#* and s1x

electrons I'n Fe#. The five orbftals fn whlch thece electrone
are placed dl,ffer in thelr directionar propertlea Ln such a way

tt¡at only two orbltals point ln the directLon of the co¡ners of
tl¡e coordlnation oEtahedron. The electrons ln ttreee two

orbLtala will poLnt 1n the dLrection of the rlgands and wlll
reper the electrons on ttre 1igands. The electrons in the
renalnLng three orbLtals wlll have aêro electron denefty Ln ttre
dLreqtlon of the lígands a¡rd there wtll be consequently relatf.vely
littre repulslon between these electrons and the ligands.

Of the fLve orbl,tals avaLlable to the iron 3d eleetronc, trwo

of then wlll therefore have a hLgher energy than the ottrer three.



Table 5 - Elect--ronic Confi-grrraLion

1s 2s 2p 3s 3p 3d 4s

No. of
unpaired
elec'brons

Fe

Fe++

42

2

2

2

222

222

2222

2222

2222

2Lll12

2 L 111 0

111110+++

4

52Fe 2 222

Radii (1)

A'L.oriri-c Covalent Radius Fe
II

Ionic Raclius Fe I I

a

+++IONIC RAdIUS .E'E

( f ) IIcsi 1o¡r ancl Robinson, p 46 3 .

o
1.16 A

o0.83 A
o0.67 A
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Electrong wlll conaequently tend to ftll the three lower enGrgy

orbitals before any of them go Lnto the two hlgher enêrgy

orbltals.
Ànother effeet, which is eounter to the ltgand repulsl,on

phenomenon described above, must be conel.dered. ÀecordLng to
Ëundre rule, two eleetrons Ln the sanê orbLtal repel each

other so tbat all orbltals tend to be singly occupf.ed before

any of thcn are fllled by two electrons. The resolutlon of

these effecte 1o explain@d by the Llgand Fleld Theory (Orgel,

1960) . Accordl.ng to the ll.gand fleld theory ligands can be

arranged ln increasLng order of ligand flelcl splltting energy.

Such an arrangement of llgands ls found to accord closely to
ttre spectroche¡rical serl-es: I-, Br-, Ce-, OH-, F-, Hlû, NHi,

CN-. If the llgands are held etrongly enough, the rapulslon

betwcen the ligand electrons and the hl,gher energrlr orbLtals

Lg euffLcLent to o\¡ercome the Hund repuleLon bet¡reen electrona

fn the sarne orbital and a etrong fteld or spín-paired conrplex

ls fomed. If, however, the ligand repulsion Ls wealcer than

the Hurd effect, a weak fteld or spin-unpaLred complex ls
produced lnstead. The electronic strucÈures of the strong

fLeLd and weak fLeld complexee of ferroua and ferrlc Lron are

ehown Ln Table 6 which Ls taJcen from El,chorn (1964).

Bhe practleal f.rçortance of thig approach is that the
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El.Gtronte Conflgruratl,sn of !d Oròitrl la ïcek

and str6g ?Lold lron Coqrlcrcr (f¡

Fe* Pe

Ile¡¡ß

+.Þ

trtÉ elrergüt orbLtgls (
(
r

Iæ ènergy orbiËals (X

x rt r xx

(1) El"al¡ora (19641 .
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x
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x
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veak and strong ffeld eonplexee of ferrous a¡rd ferrl,c lron
all have different, numbers of unpafred 3d electrons. By

emplrical determinatlon of the magaretic monent of any iron

coqround it ie poesLble to detemine fts elactroníc conflg-

uratl,on a¡rd tt¡us correlate molecular structure with biological

frurctlon.

3. Iron ChelatLon ChemLstry

When in a coordination comporurd the ligand is aùtached

to the metal through two or nore atomsr so that the metal

foms part of a heterocyclic ring structure, the compound La

ealled a metal chelate cø¡rlex. This graphLc term waa coined

by Dtorgan and Drer in L920 who derived it from the Greek

¡¡lcr - ttre great claw of the lobster and other qrustacea¡¡s,

A chelating agent, therefore, is a nolesule ttrat Ls capable

of seízing and holding a metal ion in a clawlike grip, the

clutching etrucÈure forming a ring in whl.eh ttre ion le held

by a pair of pJ.ncers. The pLncers consisÈ of ligand atms

(usually ox$gen, nitrogen or suLphüt) r each of which donates

an electron palr to form a coordinatc bond wfth the netal lon,

A chelate may be bt-, t,ri-, quadri-, guf.ngul- or multídentatc

aceordl.ng to ttre nr¡nber of, donor atome conplexlng the ¡ætal

Lon. Bidentate chelates with 5- or 6-atom nember rl.ngs are
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ttre most stable, fewer atoms Ln a ring impoeing strain
because of distortion of bond angJ-es.

l{eta1 chelate conpor.urds differ profoundly in theLr

propertfes from simple salts of metals and even from metaL

coordination cornplexes (tt¡at, fs, complexes with u¡ridentate

Ligande) . The moet outstanding property of the ¡rletaL

qhelates ig thelr great stability compared with that of ott¡er

coryounds of the netals. Thls Lncreage Ln stability derlves

from the "chelate effEct", erçIanatLons of which are given by

Chaberek and Martell (1959) and MeLlor (1964).

Speciflc effects of ctrelati,on such as alteration of

absorytion spectrum, effects on eoLt¡billty, redox potentJ.al

and charge on the ¡netal will be considered later when the

deelgn of particular experiments and the development of

erçerlmental metlrods is dl,scuesed.

Early etudies of ehelation phenomena were concerned for
ttre moet part wiÈh the sl.upLe coryounds that could be

syntlresized by tJ¡e chepist. Monographs which give good

accounta of varLouË areaa of non-bLologrical chelation chemistrXr

incLude those of Martell a¡rd Calvin (1962) , l{eJ.cher (196U,

ün¡rer a¡rd ltellor (196{), and Perrin (1964) . More recently

it hae been realLsed that ¡retal chelate bonding by small and

nacromolecules ocsurc widely Ln nature¡ exa4llee include
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chlorophyll, haenoglobin, cyanocobalanf.nc, tranoferrl,n,
caeruloplasmin and many enzymes. BLologri.eto have lncrearing-
Iy been uaÍng synthetlc chelating agents for a variety of
purposes in l1víng eyetems. Ihege bf.ologrlcal aspecte of
chelatÍon phenomena are revl,ered by Chabereh a¡rd Martell
(1959) , Seven (1960), dlobnson a¡rd Scven (1961) , Groee (196{l

and Schr¡bert (1966) .

Ifhe stabtllty of a netal chelate com¡llex Ls erçres¡ed

quantltatlvely by a ctabl,lity or fomation constaDt. In
the eJ,rylest case of a reactLon between a ¡netal ion M and a

llgandLr l'{+L+ML
the etabllfty constant KHL Íc aiven by:

tlrLI
KML =

tlrl t Ll

where the bracketed, slnnbolo repreßent the aetivltles of the

product and the reactants at equllibrLum. Under physiolog-

fcal conditLons the extent to whieh a gLven metal chelate

cow¡rlex is actually forned depends not only on tho concian-

tratLone of the netal Lon [Ml, and t]re llgand tL¡ anð the

stabtltty oonstant K* but 1s affected by eørpetition for
the lJ.gand by other retals (predounJ.nantly caLcir¡m) and,

poaslbly, by competítlon for the rretal M by otlrer ligands.
Frcquently oÈÌrer reactlong have to b€ eonsLdered, sueh as



23

Lnsoluble metal hydroxide formatlon. In ttrl.e conplex

sLtuatLon uae is made of ar¡ effecùLvc formatfon constaDt

vhLch 1g calculatcd by the use of alpha coefflclents or

side reactlon coeffÍcl,enta whl,ch afford a meaaure of the

conpeting sLde reactl.ong. Àn exeellent treatment of the

use of stablllty conetants and effectir¡e fometlon eonetants

ís glven by Schubert (1961). À nore fomal account of the

aubJect Ls gl.ven by l{artell and CalvLn (1962) .

Ànott¡er characterletlc of chelation reacttons Le the rate

of fonratLon whfeh is dependent on the labflity or Lnertncts

of tl¡e coryIex and is fndependant of the thernoðymamlc

etablllty or lnstabfllty of the complex. For exanple, t,t ls
an obsered fact that nogt ehromLr¡m corylexes are verfz inert
in contraet to most ferrlc couplexes whl,ch are lablle. The

stgmifleance of thls in the practLcal eituatLon lc that
whereas a ginen netal may rapJ.dly exchange from ona chelatlng

agent to another for whLch Lt hae a greater affLnlty, another

netal nay fall to exehange fn the tLnc avallable for the

reaetion.

The complexLtj.es Lntroduced by cornpettng slde reactl,ons

and varyLng reactl.on rates are eompounded when the eLtuation

in the gut lunen ie bef.ng studl,ed for here the pn is eontLnually

varyl-ng, the nature and concentratLon of the reaetants
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alters as ôÍgeetl.on pnoceeds and thc ¡{æ avaflable for
reaetlon Le related to Lntectf,n&I æùflit¡r. For the¡e

reaðons lt has been found necrcsrariz to rc¡ort to nore

oqd.rfeal ae(ùod¡ la the preeent Lnraeetfgrtloa and 1ù bar

rarely been posef.blo to predlet, tha ouËeq¡ f,rm a
esneidcraÈion of relatlve staþllfÈy eongt¡fit¡.



CHÀPTER TII

THE EFFECT OF SYNTHETIC CHELATTNG AGE}¡TS

ON IRON åBSORPTION
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1. Purpose and PIan of the InveetlgatLon

VariabLe results have been reported of ttre effeot of
orally administered chelating agents on the gastrointestinal

absorption of i.ron in man. Lapinleimu and glegelLus (1959) ,

Hodgkfnson (1961), Herrldge (1958) and WiIl and Vilter (195{)

studíed the effect of EDTA on the abeorptlon of íron Ln mar¡

a¡rd concluded that the iron-gmÀ complex was absorbed as

welL as ferrous sulphate or ferrous gluconate. Inðeed,

proprÍetaÐr preparat{ons of thÍs courpound ar@ ÊorÞtimes u¡ad

in the treatment of iron deficLeney anacrnÍa, Brise and

Hallberg (L962) using their elegant dor¡ble Lcotope technfque

also sÈudled thls problern and for¡nd ttrat Lron aboorption rac

depressed by shelatfon witlr EDTÀ.

Aniual experlrente have done ll.ttlc to resolns tha

conf,uslon. Larsen et alfl Ln t¡ro studLea (1960a, 1960b)

found that iron absorptlon was deprossed rhen EDIIA was fed

to rats¡ however, Seeberg, Eldalgo and ltilken (1954) found

that a¡raemia wae cotrrected Ln rats equally well whether Fc-

EDAA or FeSO¡ was uged.

Ànother chelatLng agent, desferiloxamLne, has been used

to prenent or dlmlnieh the absorptlon of Lron in acsJ.dental

poironing by iron compounde (Henderson, Vfetti and Brown,
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1963). AltÌrough deeferrLoxamine has bcen shown greatly to
reduce tÌ¡e absorptlon of ferroug eulphate (Banneman and

l.lalpas, 1965), lt ie LneffectLve ln blocking the absorptÍon

of, raöl.oLron inaorporated Ln haem (Hwang and Brown, 1965).

An understandlng of the chcnlcal behavl.our of chelate

compounds ln biologlcal systens nlght provJ.de an e:çlanatl-on

for tÌ¡eEe varia"ble results. For exanple, nany Lron

cbelatea wlll ôl.ssocLate at the lw pH encourtered Ln the

etonâch (I{elcher, 1961), anü can only reforn when thc

luuinal pH rt ses on pasoJ.ng fnto the duodenun. If tåe

liberated Íron were free to refonr Ln the duodenunr only a

stolchl.æetrLc ratio of Lron to chelatLng agent ie needed.

However, Lf other ligands are prolent in gastrLc Julce or

ottrer lnteetlnal geeretf.ons these could eoryete wltt¡ the

orfginal chelatfng agent for lron. Ia thLs conpetitÍvc

sftuation Lt Lg to be expected tha¡r an excesa of chelatlng

agent over lron sould be needed for any effect of ùhe

chelatl,ng agent on abaorptlon to be produced.

Ibc prcaent etudy wae deelgned to detcrmLne the effect
on abeoqption of increaslng a¡rcunts of chelate Ln relatLon

to Lron. The ayntlretfc chelates EDIÀ and DtPÀ w@re uecd.
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2. Material a¡rd" üethode

Forty-four rad,fofron a-beorptLon teste vere earrieð out

on 11 haematologlcally normal adult volunteers, eaeh of

whom sen¡ed as hls own eontrol. Blood was taken fron

each eubJect for a cornplete þlood pf.cture, serum iron a¡¡d

latent iron bindíng capacLty.

A dose of, 2 ¡Ci of Fe59 with 5 mg. of Lron as ferrous

sulphate, 50 Rg. of ascorbJ.c acÍd, the test subatance when

used, and 200 ml. of water were given orally after an over-

night fast. Each pcrsoD had four studLes over a period of

10 weeks ln whtch a 0:1, lrlr 10:1, and 50:I molar ratl.o of

chelate to iron was ad¡ninl.stered. The ehelating agente

used were the disoðiun dihydrogen salt of EDTÀ and the

caloium trleodiun sal-t of IIIPÀ. 'lttre four teats were carried

out on each subJect in a randon cequene@.

lrtre total auror¡¡¡t of radl.oactLve Lron atlniniatered to

each subJect was I uCt. If all four doses were eompletely

abgorbed the total Lrradlatlon of tlre narrow woul.d be 0.35

rads (Bott¡veLl and Pinch t L9621 .

îhe abcorptlon of re59 was mcasured tn thc whole body

counter of the Ànt1-Cancer Foundatfon of the UniversLty of

Àdelalde (Figures I and 2) . The technígue of meacurJ.ng lron

absorptlon by whole body countLng of,fcrs great advantagoe of
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Flgure 1: Yfhole Body Counter
View shøe steel room wlüt door open and
at right multlcha¡rnel a¡ralyeer and
electronJ.c equJ,pnent rachg.



FJ.gure 2z iltrole Body Cor¡nter

View of interior shüring scintillatÍon
detectors mounted on eiicular carriag-
a¡¡d slLding bed for ttre subJect . '

\) -'
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simplicLty andl acsuracy over ttre earlfer chemlcal iron
balance sethods, the netJroC of determining ttre appearance

of absorbed radioactLvLty in circulatlng red cells, or the

ræasurenpnt of the faecal, excretion of r¡nabsorbed radio-
lsotope. The whole-body counting technique trþasures

directly ttre bodyts retention of orally ¿¿qm{¡is¿sred Fe59.

The technigue has been d,escrlbed by Price, Cohn, Wasserman,

Reizenstein and Cronkite (f962) an¿ in a nr¡mber of papere

presented. at a slrnposir¡m on whole body courting held ln
Vienna ia L962 (Internatlonal Atomic Energy Agency, 1962).

A de¡cription of tt¡e Àdelalde whole body eorùrter has been

gJ.ven by Deller (1965) and by DeIIer, Worthley a¡rd Martin

(1965).

AbsorptLon of r"59 ras measured Ín the whole-body

counter after l{ days had been allowed for the excretLon of
u¡¡absorbed radl.oactivity. Í[he arrbJect belng "countedñ was

plaeed on å couch sunorurded by four eodiunlodiêe (tballLr¡n

actl.vated) sclntlllatlon crlzstal.s "of dfaneter 1.5 inches

and length 2 incheg, each vLewed by a 5 tnch photonulttpller

tube. The four ecLntillatlon detectora were rnorurted on a

carriage whlch wag notor drLven to sca¡¡ the full lcngth of

the subJect with pauaes at the head and feet. Thc cryetal
carriage rpvement wae controlled by a tiner so that after a
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1.6 nlnute pause at the head the deteetors sca¡rned the

lengtlr of tt¡e aubJect's body Ln Èhe next 12 nlnutes and the

count raa completed by a 1.6 nlnute Pause at ttre feet. The

end-pauEc scan method produces a quasi-¡lr deteetor systen

whfch nakea tåe cou¡rts per scaD independent of the

dictributLon of radioactLve naterl,al wlthln the body' ÀB

a rGsult the "100$ value' can be detertlned lmncdiately

after Lngestion of the radLoaetive tEst sr¡bstansc (Deller,

1965) .

Backgrorurd radLoaetivLty wae ml'ninj.¡ed by housLng the

whole asseubly Ln a 6 inch thick eteel cactle of Lnternal

dLncn¡ione I feet by 5 feet 5 Lncheg.

Pulses fron the four ðetectora wê¡re paeaed to a¡r addlng

circul.t, lLnear anpll.fler, slngle channel analyser and

acalerr/tiner. fhc settlng n;êd for tlte ef.ngle cha¡rnel

analyaer wae euctr aa to adnLt Pulaee of energy 0.8 - 1.7 l{eV.

tthe assnn¡rtion nade in nultfple tests of a.bsorptfon

ugfng radÍo!.ron ar¡d a whole body cou¡rter iE ttrat tre59 absorbed

from a prevl,ouc test 1g not excreted fronr the body during

rubscguent tegta. Because of the relative nonelty of the

¡cthod r¡sed in tt¡is fnncstlEatlon of reaaurLng absorption on

nultiple occasf.ona on tlre aanre subJectr precÍse detaile of

the technÍqr¡c adopted are gl.ven here (DavLg and Deller, 1966a).
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Calculatl.on of iron abeorptLon in nultlple tegtg. Or¡

ttre fLrst day (Day 0) tJre subJect was counted ae degeribed

above prLor to tt¡e adminLstratlon of the labelled iron.
This firEt counting reeult, (Do.A) was taken aa a neasu¡¡e of
natural body radioactivlty a¡rd lnetnnentar baclcaround and

was assuæd not to alter ttrroughout the pertod of ttre

ex¡rerlrent. After the oral adnl.níetratÍon of ttre f.sotopc,

the whole body actLvity uas agaf.n neasured (DO.B) to
establlsh the l00t value. Aft€r 1{ days, rhen the r¡naÞsorbed

radLoactivlty had been excreted, the subJcct returrred a¡rd wae

again cou¡rted (D1{,å,} .

rn order to correct for day to day varLatLone fn overall
countLng efficLency, r co60 standard aource was eowrteð

before and after cor¡nting the subJeet at each vlej.t. The

mÊan co50 sta¡¡dard^ sor¡rt (co60,Do) yaa uged to give a ræasure

of the machíne counting efficiency at each víeLt, and cor¡¡t¡
obtal'ned at subsequant vlslte werra corrected to confon wlt*r

the eor¡nts obtalned at tlre fLrst vlcit.

Dl¡1.À D14.À x co6o.o

"o6{-r¿
or Ln greneral Dn.À Dn.À xt

lfhe absorptfon of radloiron, and thereforc total lron,
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adnLnistered on Day 0 (tn¡ Ls obtalned from the relatl-onshipr

tR (D11..à DO.A) x A o/L4 x toot-
(Do.F

where nA/B Ls tlre decay correctfon for r"59 (tl¡ - 45.1 daye)

for the elapsed perLod A to B (daye).

Àfter the æasurement D14.à ls earried out, the cubJect

ia frredLately gLven tlre eeeond teat dose of radfoiron a¡rd

ts agaLn corurted, (O1¿.9). He returns on Day 28 a¡rd l-e

agaJ.n cor¡rted (p2g.e) . lftte absorptlon of the second dose

of radloLron, admLnLgtered on Day 14, ie gf.ven by the

relatLonshLp:
D28.A- DO.À+D.l IA - DO.A

tR t3 !t 14/28 xÁL4/28 x loot

(Dl¿l.B - D14.A)

In slnllar fashíon the absorption of ttre third doce'

adnLnl,st€red on Day 28, 1a gl.ven by:

D12.A - DO.A + D28.4 - DO.À

tRr M
28/42 x ttt

2e/42 x 100t

(D28 ,B - D2 8.A)

The absorptlon of tl¡e fourth doser adniníetercd on Day 42,

Ls glven by:

rR = 
Ds6'À- Do'A*9nt**rãzB8'o 

xM42/56xr00r
(D42.8 - D42.A)
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Urinary excretl,on of a.baorbed rad,l.oiron. Urinary

excretLon of radioLron yÍag rpaeured Ln four volr¡nteorg aa

tÌ¡e fraction of tt¡e test ðose excreted in each of the tro
2l hour perfoda folloning the oral ingreetion of 5 ng. of
iron labelled rLtt¡ 7 uCi of re59 and present as the

appropriate chelate. In eact¡ case the iron was accmpanLed

by a fifty-fold ¡nolar exceas of the chel-atLng agent used and

50 mg. of ascorbLc aeíd. lfhe total volr¡ne of the ÈcEt

dose was 200 mL.

3. Regults

Effect, of orally adnlnistered EDIIÀ on iron a.b¡orl¡tlon

Four teets of radLoiron abeoeptLon were carried out on

each of sfr subJeete, fn these tests thc ¡no1ar ratios of
EllfÀ:Lror¡ used were 0¡1 (control), Il1, 10:1 a¡rd 50¡1. The

reeults are sholrn Ln Table 7. All sr:bJectg shwed a

slgmtficant reductlon of fron absor¡rtLon when the Lron wae

acconçranled by 50:1 EDTA and l0:1 EDIA (p >

EDfArÍron dfd not slgrnlficantly reduce lron absorptLon.

Effact of orally qdnl.nfrtercd DIIPA on Lron absorption

Four tests of radLolron absorptlon were carrLed out on

each of five subJects. fD these testE ttre molar ratLos of
EtDPArLron used rrere 0:1 (control), 1r1, 10:1 a¡rd 50:1. The
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result8 are shtrn Ln Table 8. Aa wae the cace wLth EDæÀ, a

1:l DfPA:Lron preparatLon had no signLflcant effect on Lron

absorptf on, wher¡eae rhen ttre lron wae acconpanted by a 10: I
or 50:1 nolar ratfo of ttltPÀ, íron abeorptf.on tÍaa tlgrnlficantly
depreseed (p r 0.02).

Url,nartz ExcretÍon of Orally Àdmlnistêred Iron Chelates

In order to exclude the poeølbillty tfiat, ttre Lron

absor¡ltLon recults glven abor¡e were affected by a urinary

excretl,on of ehelated lron ¡ ân experl.nont wae canfed out to
detemlne the extent of this exeretLon wlth eaeh of the

chelatÍng agentr used. the regults ll,sted in Tablc 9 show

that ln no caee dld the lB hour ur!.nary excretlon of p.59

exceed lt of the dose adnrinLstered.

{. Conclueion

lftre regultg presented here shoy quLte clearly tÌrat Ln mar¡

the gastroLntectLnar abaorptLon of Lnorganic fron can be

profoundly depressed by tJre rlmttretie chelatLng agentc EDIA and

UÎPA provlded that a suffLcLent molar eroeaa of ohelatlng agcnt

Ls present. The excege of chelating agent would seon to be

essentLal tf the Lron-chelate fs to be reformed after the

Lron leaves the acLd nllleu of ttre gastrfc lunøn. Thl.s

Lrqlortant requlreænt, whLch does not appear to harrc been
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rseogrnfsed hittrerto, could elçlain the eonfll.etLng regultg

whLctr have becn publiahed. the f.nabllity of rorkers sueh

as Banneraa¡r and Halpas (1965) a¡d Hyang and Brown (1955) to
denonstrate any bloclcf.ng effeet of desferrioxa¡rine on ùÌre

absorptton of haeooglobln Lron eould well be related to ttre
apparently lw doeage of desferrioxanLne. It woulö rppear

thet fn none of thelr elçerinente wae a rclar ratlo of
dcaferrlq¡sñlne to Lron Ln exccsg of elght to o¡e uaed.
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Effect of Orally ÀtuLnl.stcred EDIA

on Abaorptlon of Iron

SubJaet
Ìfo. 8ex lloler RatÍo

ED!å¡ Inon
åbsor¡ltio¡t t
1¡1 1011 50gl0r1

73

57

I
5¡

9

{

2L

d5

2t

13

3

3

1

0

0

t1

2

-i

1

2

3

1

5

5

2

L2

F

,

F

F

F

E

0

5

0

0

lleen abcotptLon (tl 33 I8 I I

t!!rrt, aot cqrlcted.
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Effect of Orally AdntntetctGd D|!PA

on å,btorptl.qr of lror

SubJect
No. 9ex l,lolar ratlo

IIIPA¡froa
lbcorpùlo¡¡ t
l¡1 l0¡1 50¡10¡X.

7

I
9

6

0

3

3

2

F

F

F

F

F

11

16

20

I
27

26

-*

9

33

7

I
I
3

0

23

10

I1

I¡!êr¡r absorption (l) 16198 3

rTe¡t aot coqlletcd.
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Url¡ary ErerrtLæ of O'rally å&lnlgtcrod

Radloiræ Chelatcs

SubJest
HO.

Cholatf.ng
cgcntSer

t of Orel Doso of BadLoLrm la
urlnc

Xgt 2l honrs 2nd ?l hou¡¡

H

H

H

x

L2

Ir

TI

15

EDlA

BDIIA

DIPÀ

ITfPT

0.2

0.8

0 a 0

0.4

0.0

0.2

0.0

0.I



CIIAPTER TV

Tffi EtrFECT OF FRUCTOSE AI{D GLUCOSE ON

IRON ÀBSORPTTON
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1. Pun¡ose a¡¡d Pla¡r of the fnvegtlgation

'ittre keto hexose sugar fructoge has recent,ly been shov¡t

by Charley, Sarkar, Stl,tt and Saltrnan (1963a) to fom a

htghly stable chelate eonplex wlth Lron, and to Lncrease Lron

absorptLon Ln e:çerfnental a¡L¡rala (Stlttr Charley, Butt and

Saltnan' 1962) . llo studies of tl¡e effect of fructose on

Lron abcorytion in nra¡r bave been reported a¡rd beceuee of the

df.etary fnportance of fnrctose as a cæstituent of honey'

rtpe frulta and sweet wlnes, tt rac decided to etudy the

effect of lncroasLng amotu¡ta of fructose on iron absorytton

!.n na¡r.

Glucoce doea not fo¡m a stable chelate wlt*r Lron buù Ln

nany otlrer ways ls mtabollcally afunLlar to fructose. In

order to deternlne whether the effect of fnuctoce was a

gcneral ætabolie effeet, perhaps ttrrough etLmulatLon of ar¡

actlvo transport mecha¡¡Ísrn, or waa related to Lt¡ chelatf,ng

ablIity, a further experlnent uaLng glucoae wae carrLed out.

2. t{aterl,al a¡¡d ltethods

ThLrty-eight radLoLron absorptlon tests rcre carrLed out

on 13 hae¡natologlcally nornal volr¡nteers. Itì the e:çerimnt

wLrf¡ fructoge a dose of 2 uCi of r"59 sittr 5 ng. of i,ron as

fefrous aulphate, 50 rng, of agcorblc acLd' fructoae where
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uscd and 200 ml. of vatêr vaE glven orally after an over-
nlght fa¡t. Each of the cl,x volunteere had four studles
over a perLod of l0 socks ln which a 0:1, lr1, l0:r a¡rd 50¡l
nolar ratLo of fn¡ctose to fron wa¡ ad¡ulnLstered,. ,lltre
æthod of tegting wag randouLsed a¡rd eaeh aubJect served as

hig qrn control. rn the experincnt wlttr glucose eaeh of
ttre ¡even subJects gtudied had only tffo radioiron abeorptlon
testss one, a eontrol, in whrcÌ¡ a doae of 2 ucf of tr"59

wLtt¡ 5 ng. of ferroua aulphate and 50 ng. of aseorblc acLd

wac gJ.vea; tlre other, Ln whlch a ffftyfold nolar exeGar

of glucoce to Lron wae added to a doee yhich was otheml.ge
the gane ag the eontrol dose.

Trro radl,oiron urlnary excretl.on tests were canled out
on tno voluntoers sho had been gl.von 5 ng. of fron as

ferrous rulphate labelled wlth 7 uci of pc59, 50 ng. of
a¡eorble acid, and a fiftyfold nolar exqeas of fruetoae Ln a
total volr¡ue of 200 nl.

Thc nettrod of carryJ.ng out ttre tegts a¡rd calculatJ.ng
the ¡¡e¡ulta wa¡ Ldentl.cal to that r¡sed for the gtud"fcs

reported ln Chaptcr IIf.

3. Results

Effect of orally adminLste red fn¡ctose on iron absorption.
rn Table 10 are proaented resulte of tl¡e four radloiron
absorptlon te¡ts ctrrled out on each of cl.x subJects. The
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molar ratLoe of fn¡etoaesLron used rers 0¡1. Ill. l0¡1 and

50¡1 and the mêan iron absorptfona Ln these tests were 2L,

2L, 21 anð 48t reapectf.vely. Ífhe Lncreaes f.n iron

absorptfon wlth the 50¡1 fruetos€!lron var hf.ghly afgnifica¡rt
(p>

excretlon of or edninLstered lron-fructose .

In order to deterrnlne whether the etabl,llty and metabolíc

behaviour of tbe stable iron-fructoee shelato ras such Èhat

som urlnarl' excretlon of radfoiron mtght talce placc, the

exterrt of thÍa excretlon wra reaewned in tro subJecta. In

nefther rnbJect wac aay radloaetl,vity above background

detected Ln the r¡rlne eollected in tl¡e fLrEt or Eecond 2¡l

hour pcrfod follwing adnrLnl,stratLon of the radioLrqr-

fructose chelate.

Effect of, orally adnlnistcred glucose on Lron absorptl.on.

1\ro tegt¡ of radLoiron absorptlon weñt carrLed out on oach of

aeve¡¡ strbJecta, a control test and a test vlth gluoose 1n a

50:1 nolar ratio with reepoct to fron. lfhq resulte, wh!.ch

åre prcrented in Table 11, fall to Ehow tÌrat glucoee has any

ctatístically algnlflcant effeet ín enhancLng fron abeotptLon

u¡der tbc co¡rðLtions uaed.

I a ConclusLon

The recults reportcd Ln thÍ¡ ctrapter lend fr¡rther

support to the thesLs that, gaetrointectlnal absor¡rtlon of
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fnorganic lron Ln man ca¡r be proforurdly affected by chelatÍon

provided that a suffLcÍent nolar exceaa of chelatLng agrent l.ø

present. lilhereas EDqfA and D![PA were shor¡r to dinLníEh tt¡e

absorptf-on of Lron, the sugar fructose slgnlficantly enha¡rceô

íron abeorptÍon. Theee e:çerfnente show that ttre obseryatLons

of Stitt et alLi (1962) apply to hr¡¡ua¡rs when fructose Le

preeent in a 50:1 molar e¡(cess.

That tlre effect of fn¡ctose Ls eonnected with Lts abiltty
to chelate iror¡ is supported by the erçerirnents whLch shqs

that glucoae faLled to enha¡¡ee Lron absorptLon when given

ru¡der tTre conditions whieh had been moct effectl-ve wtth

fn¡ctose,

The highly øolr:ble iron fructose was not exer¡eted Ln the

r¡rLne to any detectable degree. This suggests that tl¡e Lron-

fructose ctrelate conplex ca¡r bG netabolised wlthLn the body.



Table 10

Effect of Ora!.Iy AdhLnletered Fnrctose

on Abaorptfon of 5 ng. Iron

I,folar ratlo
Fructose: fron

åbaorptton t
l¡L l0:IsolJ"æ s.'

16

17

18

19

2A

2t

0¡1 50¡1

F

F

F

F

P

F
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0

33

t9

2L
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I9

13

23
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26

5

26
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Tablc 11

Elfeet of Orally A&.tnletorcd Glucoeo

on Àbaor¡rti.o¡r of f ng. Ir¡cr

SubJeet
tO.

2l

2g

¡5

27

2t

29

l0

8ex Molar ratlo
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I
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!t

ä
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CHÀPTER V

}TE':TSODS POR DETESTING À¡ID CHAN.ÀSIERTSING

METAL CEEI.,ATING AGE}ÍTS
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I. Plan of thê fnnes tlgatLon

Thc ¡ecults of tÌre invastlgatlons reported ln thc first

pert of thLs thesL¡ ¡howed ttrat chelatl,ng agonts could

affcct tl¡e extent of gastroLntæcttnal Lron abeor¡rtLon Ln nan

and, acoording to the nature of the chelatLng agent uaedt

el,tlrer enha¡ce or depreee absorptLon. ThLe led to two

qusatLons: ín fact, does man encounter chelatíng agents

l,n food, druge or ln body gecretLona? and, eecondly, why Ls

fruotose but not glucoee able to fott a ståble ehelate

oorçlex wlttr iron? Before tìese questions oould be

a¡¡awered Bultable rethods for detectl,ng the presence of

chelati.ng agents tn bfologl,aal sarqlles had to be established"

llt¡ch of our knowledge of ct¡elatLon ehemLetry conns fron the

study in vJ.tro of the behavLour of tt¡e inereasingly wl-de

range of new chelate moLecules almttresised by the organie

chemist. However, most such studies have been carrled out

Ln syetene of know¡r cqtosltLon, a¡rd containing accurately

neasured aß)uuts of the gubstances under study. Consequently

ttre rettrods ueually enployed har¡e not, lent the¡nsehtes wlth-

out Eodlfl.catlon to tåe study of bíologlcal ean¡rles whi.ch

are usually of complex, and often of unkncnrn cor¡¡tosLtion.

Proof, of chelate fomation can only be obt,alned' wittt

certaLnty by üre lsolation anð analysLs of the pure conpound
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accordlng to the claseieal techniques of organlc ehenrl.str?

(Martell and Calvln, L962, . In bJ.ologrica1 sanples such as

saliva, gastrlc Juice, bl-le or food turdergoing dJ.gestion the

problem of the Ldentificatlon and. ct¡aracterisation of

shelates Ls considerably more conpllcated. In order to

facilitate guch studLeg tl'.e four methods reported. here have

been developed for ln vitro innesttgationg of tl¡oge cÌrelating

agents, natural and eynttretLc, whieh rnay be eneountered in
biological samples.

Ferríe lron has been used as ttre test metal ln the

studLes described in this chapter not only because of the

interest Ln Lron rnetaboll,sm but because of ott¡er properties

of the nretal¡ ít has a great afflnity for most chelating

agents; it, has a¡r extrenely Lnsoluble hydroxide at, ttre pH

encor¡rtered in the d,uodenu¡ni and because the radioactíve

Leotope tre59 has a convenient half lffe, is easy to oount, a¡rd

Ls avallable in hf.gh speclflc aetivity.

2. MaterLals and lÍethode

Reagents. Ferric chlorl.de stock solution (0.01 lrt.FeCl3

ln 0.02 M.HCI). 0.5585 gin. of rust free À.R. fron w1¡¡e was

diseolved in about 30 ml. of BCl (1:1). Corylete oxidatLon

was obtaLned by adding 2 ml. of coneentrated HNOf a¡¡d

boillng. the excecs of HlrlO3 wae renovcd by evaporatf.ng Juet
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to dryneas under a¡r Lnfrared lanp. The product waa trans-
ferred quantitatJ,vely to a one lltre volunetric flask a¡rd

nade up to volune wlttr 0.02 u.Hel. Fron thLs etocù

¡o1utlon fresh vorkÍng solutlons rere prepared as requJ,red by

dLlutlon vl,th 0.01 tl.ECl.

r"59Ct, stock golutl.on. RedLoaeti.ve iron solutlo¡r wa¡

prepered fron r.59c1¡ Eo aa to Eontair 0.01 uCl r"59 per nl.
a¡rð 10 ug F"*** per nl. in 0.01 ll.HCl.

Countlng apparatus. SolutLone contaínirrg r"59 Hcre

courted usLng a well-t1pe sodfu¡r lodLde crystal scLntl,llatLon

cor¡nter and sLngle channel analyser (Philtps type PWl003

automatic garma eounter) . A 2 url. san¡rle in a 6 x 5/8" test
tube was cou.nted with an overall counttng effíciency of 20t

and a baekgrorurd corurtlng rate af 2 c.p.s.

Spectrophotæter, À11 apectrophotorctrLc ¿¡¡rnl-nations

rerc nade wtth a Beclcnan D.B. recordlng spectrophotønster

fltted sitl¡ a logrlltnear potentloætric recorder and scale

elçanalon öevlca. Unlese othcmise atated reasurercnts

relne nade in I cn, sllica cells a¡¡d the narrffi ctlt progran

rar used. All cca¡u wGrB carrled out at a apeed of l0 nu

per nlnute.
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pE ræesurenênts and tltratlons. À1I pH rcasuretmnte

and tltraùLo¡e to a girnen pH wero earried out electro-
metrLeally wtlù a Radloneter pH neter and autonatie tLtratfon
apparatuc.

Thin layer chro¡ra Flexible thin layera

ehromatogra¡ns (Eastßan ctrronagran sheet) wene ueed tbrough-

out the etudy. The chronatogrrrns rrer'c rwr Ln ttre Eaetûar¡

cùrronagram devcloping apparatus . *

Detailed aceou¡rts of tl¡e netlroda used wlll be Lneludod

fn the folloring section.

3. Rad,iolron Soh¡blltty Tcet

Perhape the nost outstand!,ng property whLsh ct¡elatl,on

frequently confers on a æta1 Lon, 1¡ aolr¡bllity in a

¡Ltuatfoa where lt would otherlrlee be qultc inaoh¡blo.

Fe¡zLc Lro¡ j.s extrenely Lnaolr¡ble at high pE, the solubtltty
product ss¡etant of ferrLc hydroxf,de at lSoe ia l.l x 10-36

(godgmar¡, 1963). These propertfes are nade uee of Ín a

sLnple aolublllq, test of etrelatlng ablltty whlct¡ has been

der¡clopod in the course of ttrl,s LnveatLgatLon. Ths to¡t
depende on the fact tl¡at most netal chelaÈes d.Lssoelatc at

*DlstLllatLon Produets rndustrJ.ee, Roehester, N.y. r u.s.À.
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low pH, the metal belng replaced by hydrogen {on, and ttrat
as the pE ls raieed the chelatLng agent reunl.tes wLtÏr

avallable netale ar¡d w111 combf-ne preferenttally wittr ttre
netal ion for whlclr ft haa the greatest avLdlty.

The test is set up Ln 25 nl. beaker¡ ae shown ln fable

12. The sam¡lIe Lg mi¡<ed wlth earrier Lron a¡rd radioactive

l.ron a¡rd ttre pE ía adJusted to belcny 2.0 with Hel. Blank

and control sanples (0 and I00S values) contaLnfng dlatilled
water Ln place of aa4lle ara Lncluded. Íhe cont¡nts of ùhe

saqrle anô bla¡rk bealcers are tLtrated to pH 8.0 wLttr NE¡OE

a¡rd the fLnal volr¡ne ls adJueted to 8.0 !rl. (the pH Ln tlre

control beaker ls left at 2.0). A suLtable alLquot, from

each beaker Ls tl¡en centrffuged at 21000 !.c.f. for 30

¡nLnutse to dcpoaÍt any ferrLe hydroxLdc whlch nay have been

f,o¡øéð. A 2 url. alJ,quoÈ of the superrratant La pLpettcd off
for deter¡ninatlon of tre59 gamna activity ín ttre scintLllation
cou¡rter, the rcsults are e:ç)reEged asr

Fe solr¡btllty
fndex of sarn¡rle

ActLvl - Blen¡ß ÀctlvL 100r

The sensLtfvlty of the test is such ttrat a It value

indlcatee tl¡at 1ml. of sanple has complexed 0.01 u!1f. of
Fe#*. The eensitivLty of the test nåy ba Lncreased íf
neoaõsary by decreaclng the ooneentration of carrier íron.



Table 12

RadLolro¡¡ Solttbtllty Test, for Detcetion of Chelatl,ng Àgrcnts

Reagenta San¡llee Control Blank

1.

2.

3.

l.
5.

0.001 Dl.FaCL¡

o.ol rcf pe59 /ÐL.
Sa4rlo SolutLon

Dlstillcd llater
pH âdjustncnt (ECl,

I{E¡OH f H2O to volr¡mo)

2 ql.

2 rnl.

2 nl.

2 rû1,

2 !r1.

2 a!.

2 ml.

2 nl.

2 nl.
2 ul.

2 nl.
2 nl.



44

The tegt has been forurd uaeful- beeause of itg aensítivlty
and tt¡e sl,npll"cLty with whlcb large nunrbere of saqrles ean be

screened. A possÍble cause of a false poeitlve resuÌt would

be ttre increaoe of Lron aorr¡bilit¡t at pII 8.0 by a eanple which

dl,d not ohelate but whldr neduced ferrlc to ferroue iron.
Eowever, glucose, a substance with narked neducfng power but

no chelating abf.llty, does not gine a poaltive result wLth

thls Èectrnlque.

4 Xon-exehange Reel.n TeatI

Most chelating agente fo¡æ negatively charged or neutral
corylexee wi.tå Lron. Yithen a emall arcunt of tresgCl¡ lc
allæed to react wLth the unkno¡rn Eaq)le r¡nder suitable cond-

ltLons, the Fe*** becauae of fts great afflnlty for chelatlng

agents compared. wLtå other Long usually encountercd Ln

blological san¡lles 1s converted to an a¡¡Lonie or neutral

eouplex. If tåe solution Le paseed through a catLon exchange

resLn colt¡m¡r of suffLcLent capaclty Èo retafn the added F"#,
the appearance of radLoactlvlty in the effluent can be used

aa an fndex of the ctrelatl.ng abfllty of the sanr¡rle. It
furthcr ind.lcatee that the iron conplex whlch has becn foræd

L¡ neutral or negatinely charged (Sanuelson, 1953).

In the lon exchange tcst deecribed belæ ttre chelatl,on
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step La carrl,ed out in tbe resin bed ltself, the carrLer a¡rd

radloactine iron having been absorbed on the resln column

before ttre sam¡rle being tested hres run through.

I'lethod. lltre strongly acid eation exchange ¡¡esln Dowex

AG-SOW-XB Analytical Grade ResLn* was used. 1ft¡is reein

contalns 8t d,fvlnyl benzene crosslinking a¡rd ttre beads are

ln ttre 40-80 re¡h range. The bed volume was 5 ml. of resLn

1n the hydrogen fom a¡rd the maximum flqy rate lpag I nl. per

¡olnute except for water washes, where a florr rate of about 5

ml. per minute was fourd to be adeguate. lflle columrs were

prepared for uee by converrlon to ttre Eodir¡m form (50 ¡¡1. of

3 M. NaCl followed by a 50 ¡nl. water wash) a¡rd then loaded,

witt¡ iron. 1 ml. of a solution of 0.1 uCi r"59 and 0.01 ng.

carrj.ar Fe# in 0.01 !1. HCI was applled to the top of the

eoh¡¡nn rhl.eh was then rfnsed through wit.h 50 rnl. of trater.

No radi.oactf.vÍty was for¡nd Ln the eluate from t*rfs rfnsc,

LndLcatlng that all the Lron had been adeorbed on the regln

colt¡nur. (Àt thLe pol,nt the loaded eolu¡ur nray be condl.tLoned

rllJr buffers or glnen any other trealnent as raquLred Ln a

partLcular etçerLment. )

The reeulte of a¡r erçerfment usLng ac test sr¡bstanee the

chclatÍng agent EDTÀ are ehøm Ln Flgure 3 where the pereentage

rBlo-Rad Laboratorles, Rlchuond, Call.fornla, U.S.A.
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behaviour of re59C13 on the cation exchange
resin Dowex AG-5OW-XB.
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of tlre total radLoi.ron actlvtty rhtch fs removed at each

stage ls plotted as a funetlon of volr¡me of eluant. ft san

be seen from these results that 0.01 l,l. EDTÀ effeetively
elutog iron fron the colt¡m¡r, and the eluted lron ca¡r be

Aetected a¡rd estimatcd by sclntillatlon eounting of the

traccr tr.59. At tt¡e end of the erperlrent when all the

eam¡rle has run through ttre colr¡¡n, the resf.n bed is waehed

wLth 50 nl, of wator to flu¡h out ttre lagt of tbe aanple a¡rd

the oolunn 1s ttren elutcd rlth 50 ¡nl. 3 l{. ECl. ThLa acid

sash hae becn fou¡td to renove quantf.tatfrrcly any radl.oactine

Lron renainÍng on the colr¡mn and converts the column back to

hydrogen form ready for a new cycle of operatione wLtt¡ the

nert sanple.

5. Thl,n Layer CtrronatoEraphy

The u¡e of thin laycr chrouratography (TIæ) at a tool 1n

tåe lnveetJ,gatlon of chelatlng abtltty of bfologlcal eanples

f¡ ba¡eð on the fact tttat t-he chronratographic mobtllty of

nctal chelete corylenes ls d"ifferent from that of the free

mstal io¡¡ Ln rc6t solrrcntr/adsorbent systems.

TIÆ on iro¡r-free sLlLca gel us!.ng radLoactLræ tr"59 at a

tost netal poaseeses the folloruLng advantagos !



47

I. It is well suited to a¡¡ e:<perimenÈ which requires serial
sanpling, such as folloring the variatlon of chelatlng

ability of a eanple durLng the eourse of a¡r enelnnl.c

dLgestt on.

It Ls a gulck and sf.mple nethod requirlng very lttt,Ie
sam¡rlc (1-5 ul.) .

QualÍtaÈlve lnfonration oa¡r be obtained by desigrning

a eyatem tn whidr ctrelating agents of knor*rr Rf vah¡es

a:¡e included on the plate,

2.

3.

An example of the uae of TLC for the resolutLon of a

mLxture of chelatlng agents Ls gl.ven Ln the follod.ng

experiment.

l¡taterLals ¡ Eastnar¡ Chrmagran Sheet (lYpG K301R) 20 x 20

cm. Eastnan Chronragra¡r developlng apparatus.

Røagents: Itigratíng solvent n-butanol¡ 95t ethanoll

acetÍc acid: E2O = 40 ¿ 252 25: 35.

Solvent pH 2.35.

Visualisatíon reagent 0.5S /v 8-hydroryquinoline

ln 60t v/v a$ueous ethenol.

Chromatograrria sprayed, dried and examl.ned turder

ultraviolet lLght.
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Saqrles r 2 11. of It y/v soLutions of lron ehelates of

desferrl,oxamiue (DFO) , EDTÀ, DtrPA and ethylene-

d.iamine di (0-hydroryphenyl) acetic acid (rOOan¡ ,

The eaqrles wera spotted 2 sm. fron tlre lowcr

edge of the ctrromatogran sheet and 2 c[ì. a¡rart.

Rcsults Conpleto resolutl,on of the nLxcd aaqrle rae

obtaLnoð. Rf valuea of tlre Lron cÌrelateg for¡nd

by thls eysten wêre DFO - 0.12' EUIA - 0.{9t

mPÀ - 0 .56 a¡¡d EDDH.A - 0 .89 .

In the experLrmnt deecrlbed above the 20 ¡r9. of Lron

clrelate ueed could be Located dl.rectly by examlnation of tåe

plate under a short wavelcngth ultrevl.olet 1a4. Greatsr

sensitlvity and quantttatLon of reeults can be obtaf.ned by

the use of a thln layer radiochronatogran soantrer shteb

locates the poaftfon a¡¡d deterninec tl¡e anor¡rt of raôíoasti.ve

iron shleh has b€en ctrelated a¡rd morzed to a dlfferent posftl.on

on ttre platc fron ionic iron.

6. Vl¡tble ar¡d Ultraviolet Spectrophotonretry

It has long been necognLeeð that a characterLstl.c eolour

fs one of the noet Lryortant dl.etlnguLshLng featurcs of the

nctal chelate coqrounda (Chaberek and t{artellr 1959). glhen
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a netal ls chelated Lts colour ls both l.ntensl.fLad. a¡rd the

wavelength of naximr¡¡n absorptf.on is shlfted (Martell a¡rd

Calvin, 1962; El11-Cottl.ngham, 1957). Thls property of

the netal chelate compounds hag been uced, ln a nr¡mber of
waya tn tùls etudlz to gf.ve lnfomatLon about their lo¡¡ratfon

and propertLes,

(a) Chelate detectLon by the effect o¡¡ the abeorption
spectrr¡n of Fe #t
In FLgnrre 4 (Cun¡e II) i.s shown the vLsfble abaorptlon

Elrcctrum of 0.0005 ll. FeC13, sodfum eall,c1zlate havLng no

abeorbance Ln the vfslble regfon. Idhen L¡¡on 1g chelated by

sallcyllc ael.d and the absorytion specÈrr¡n of a 0.0005 M.

eolutLon of Lron sallcylate fs run (Curve ¡! the overall
increase in a.bsorbance a¡rd the altered epectral curye cart be

aeen, Qualltatl.ve changes ln spectral cbaracterlstics can

often be sfnply renealed by runnlng the d,lfference spectnur

between the lonLc and chelated forms of the metal. In

Cun¡e ffl a peak at 360 m¡ fs clearly ehown as vell aa the

naJor peak at 520 nru,

lthe effeet on tlre vfgfble abaorptfon spectn¡nr of Lron is
further illuetrated Ln Fl.guree 5 anð 6 where the effeots of

e[elatl.on by EDDHA and by fructose are shown.

lft¡e deteetl.on of chelatÍon fomatlon by the change of
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the ultravÍolet absorptlon spectn¡n Le Lllustrated ln Fígure

7 where the effeet of lron on the abeorptlon spect,rr¡¡r of
EDIÀ f s sh6rn.

(b) Liqand:ætal ratlo a

À sLnple epectrophotonet,ric nethod for the determl,natLon

of the eonpositLon of a letal ct¡elate coryound Ln solutlon Lg

Jobte rêthod of eontLnuous variatl"on (Chaberek and Hartell,
1959). Thfg depende on the fact tt¡at for a consta¡rt total
concentratfon of netal Lon and chelating agant, tÏ¡e eoncen-

tratl,on of netal chelate w111 be greatest wùen ttre netal a¡¡d

chelatLng are brought togiether Ln ùhe sa!ìe ratfos Ln whlch

tåey exLst f,n the compound. The use of thLs ¡nethod Ls

Lllustrated ln FLgure I where the results of an experLment

wltlr Fe# a¡rd DIPA shw that ferric iron for-ns a 1:1 ehelate

wlfå DfPÀ urder ttre condLtLons uged,.

(c) Est,Lmatton of relatlve binðing strengths of chelatl-nqr
agentg for a given ætal

It ls often desirable to knq whfch of tr¡o llgandø has

ttre greater affinity for a given rÞtal in a eituation where

no quantLtatLve data are aval.lable for a predl.ction to be

made. 9uctr a caae occutra when we aro conslderLng the varlety

of lLgands to whlch d.letar¡r Lron is en¡rored in lte paecage

through ttrc gut. AD enplrleal test whtctr may be helpful ln
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these casea, partLcularly as it car¡ be carried out, under any

desLred condLtions of coneentratl,onr PHr reactíon tine and

temperature, is lllustrated 1n Figure 9. For the purpoceg

of thie erçerinent the two aynttreÈlc comPounds EDæÀ' and

aalicylte acLd ÌÍer6 used, altlrough ttre mettrod l-E of general

applicabilfty whenevcr thero ls a dlfference Ln the a.bsorptf.on

speetnrn of the two metal cholatea bef.ng studfed.

The a.bsorptl'on epectnrnr of Lron salLcYlate has a maxlmr¡¡¡

at 520 BIr at which wa\¡elengrttr Fe-EDEA has ml,nf.mal absorbance'

a¡rd atl reaõinge ytere carrLed out, at this walrclength. À

Eeriee of 0.001 U. Lron salJ.c,ylate golutlone was P3ePared

havLng EDfA concentratlons lncreasl.ng Ln steps from zero to

0.00I I't. The abeorbance of theee solutLona !Ías mea¡urad a¡rd

tbe result plotted (Curve I, Flgure 10). À øeries of 0.002

lll. Fe-EDfA solutÍons waa prepared havlng sodium sallcylate

conccntratione Lncreaeing ln stepø fro¡r lero to 0.02 M. The

result of absorbance upasurenents on these solutlons is shorn

fn Cusre II, Figure 10. From thege results lt te concluded

that at pII3, EDTA binds ferrLc lron much Eore etrongly tha¡r

d.oes sallo¡rlle acLd. Even a tenfold molar exsees of

sallcyllc aeld ov6r EDIIA f.¡ lnsuffLcient to eauee ttre fo¡matlon

of any apprcelable anoturt of Lron sall.cylate. The resulte

also ehow that ttre exchango of Lron belrrcen ealfcylle aoLd
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enü EDTA r¡nder the condltlone of the erçerl-ment ls Lngta¡lt-
aneous.

This method 1s useful ln obtai.ning conparatLvç l-nfonuat-

Lon about ttre llgands present f.n saqllee of r¡nknowr¡ cqnpor-

LtLon.

7 . Cor¡ment,

Four ncthode have been deecrLb€d in t*rr.s chapter for
the detcatlon and partfal eharaeterl-satLon of netal chelatJ.ng

agents" l[he flr¡t, the r¡dloi.ron sotublllty teat, waa

developed by the author for u¡e Ln thLs Lnvastlgatlon¡ the

others are ctandard tcctrnLquee whLch have been applLed to
the furtlrer studLes to be descrlbed belqv.

The uce of theee metl¡ods givee pwerful indlreet
evLdence of tåe prêsenee of ehelatLng agents tn blologrLeal

ranr¡rles. Although the only rmequivoeal æthod of provfng

the eristence of a chelatLng raol,ecule l-s the Lsolatio¡r and

analysLe of tt¡e pure crryound, thLs 1s usually not, praotLcabls

or even desLrable in ttre cllnlcal sLtuatl.on because of the
effort requJ.ned a¡¡d bccause a gfven tigand nay serve only to
pass on a ¡net,al lon to a¡rother lJ.gand whLetr bj.nds Lt more

strongly. The coubLnatlon of ncthodg Ls proposed beaauae

the corylex samples bel,ng stuilfed may werl contaj,n lnter-
ferlng agente whLch could lead to a falee eonclusl.on Lf only
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one nethod were used, For exa4rle, a powerful reducing

eubstance Ln a sam¡lle could gLve a falsely hlgh rcsult ln the

radLoiron solubllity test by nedueing ferrl,c to ferrous iron.
Howener, thls situation would not lmpair the reEults obtaLned

with tl¡e other three testg. Slmilarly, intensely coloured

substances present in tlre sanple night interfere witÌ¡ the

spectrophoto¡retric tests for chelate forrnatlon, yet sueh

substances should not interfere with the ottrer tests.
lfhe npthods described Ín this chapter are well auLted

to screening large numbera of samples and are sufficlently
sensitive for many biological investigations. They may

usually be applied directly to conplex sanples wittrout any

prlor separatlon er fractfonatLon. They gLve guantLtatj,ve

info¡matlon pernlttLng co¡rarieono to be uade between

subJects and the range of nomal values ar¡d theLr variation
in diseaeed states to be detenrined. Finally, they enable

sorre characterisation of tt¡e chelate corryorurds to be made.
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1. Purlrose and Pla¡r of the fnvestiqatfon

Fructose 1s capable of fornlnE a highly etable ctrelate

corylex wlth iron, in contrasü to gome otlrer hexose augrarg

and dl.saccharides which have llttle or no such ability
(Charley, Sarker, 8t{tt end Saltman, 1953). Reeentlyr

attsntlon has been focueed on the íron-fructose corylex
because of its abiltty to mor¡e acroaa blologLcar nrenbranea

(Stltt, Charley, Butt and Saltnan, 1962) and to enhance

gaetroLnteetlnar iror¡ abeor¡rtion in ma¡r (Davis and Deller,
1966a) ae haa been shorn in Chapter IV abor¡e. lfhe

stsueture which hae beon proposed for thls conpound Le one

ín which iron, incorporated fnÈo a five-ænrbercd rlng, r.c

bound through the hydro¡ryl and carbonyl orygen atoms to
carbon atoms one a¡rd two of the fnrctose noleeule (charrey

et alil, 1963¡ Aaea, ualmstråm, saltma¡r ana vä,ng8rd, 196{).

I

HÒ- C -l{
I
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H - C -oH
I

n-C - o*t

t{,o
.år"-c -H

'rlo'o - t
l{ -c -oH

I

t{o-C -bl
I

HO-C - H

I
¡{o- g - Hr

r{
o

o
H

Na+



55

rn an endeavour to erplaLn why thls Lron-conplexlng

abtllty f.e not shared by all Eugara' an attempt was made

to determl,ne the exact moleeular configuratl-on Ln fruetoee

reeponsible for thl-s abtltty a¡rd to forurulate a general

nrle whlch would allorr predLctf.on of the Lron chelatlng

potentlal of sugart and polyola.

2. llethods and Results

Slrnple sugara and polyole possese bGts/eon them only

three functlonal groups - hydroxyl, aldehyde a¡rd ketone. A

conaideration of the saturated eolrporurds of one, two or three

earbon atome contalning only these fwtctLonal grou¡ls shows

tt¡at 2¿l gueh coryounds ea¡¡ theoretlcally exfst. Às nany of

tJreee 24 eo'q>ounds as could be obtaLned were examLned and

ttrefr abtltty to folru a chelate cornplex wfttr ferrl,e Lron was

studled.

ChelatLng ablllty was assessed by ttre radloLron eoltrb-

tlfty test deecrib€d l¡ Chapter V. In eaetr case 2 mI. of a

O.0l !{. solutl,on of the substance under teat wac u¡ed. Tlltott

posl,tfrrc results Lndicative of chelatlon vfere obtelned they

were always conflrrned fnde¡rendently by other technfqueo sucb

aa alteratfon of ultravlolet abEorytl.on spectnrnr. þsu1ts

are gLven ln Table 13 and f.t ca¡ ba eeen that of the conqrounôs

tested only three chow any slgrnlflca¡rt chelatlng ablltty as
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æasured by tttls technique.

The two corçounds l-3rd"thydro4r¡gropane and glycerol

r¡hlcù¡ shqr moderate chelating abtlity, and dihydrolry acetone

whiet¡ Ehor¡E strong chelating ability all share ttrø corrrron

structural feature of hydro:cyl groups on earbon atomc one

and three, and äre the only coupounds among the twenty-four

poselbflitles which do go. The dthydroxy acetone etructure

Ls found Ln thc open cbaLn fruetoee nolecule, but Ls not,

preaent ln any aldohexoses or dieaccharldes. On the basl,g

of t}rl.s evidence Lt seened r¡easonable to propose that the

ability of fn¡ctose to chelate iron is related to the d.l-

hydro:ry acetone structure fowrd in ttre open chaLn fructose

nolecule. The superiority of dihydrory acetone ovêr 1-3,

dihydrory propane and glyeerol is preeunably cawed by the

electron withdrawing effect of the carbonyl group which

enables the hydroxyl groups to dlssocLate revealing orygen

atorns whiclt can chelate iron a¡rd fonr a stable sLx-r€nbered

rLng structure.

If the above hlpotheeLs yere correet, other Eugarg

posseseing tlre dl.hydroxy acetone gtructure, and only ttrose,

would chelate iron aB powerfully as fructose does. On thls
baeie ít was predieted tl¡at the other keto hexose sugars

sorbose and tagatose rould dernonstrate fro¡r chelating ability
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and that no aldohexoses or dLsaccharÍdes would chelate iron

to the same extent. In Tab1e 14 results are presented of
teets earried out on the keto hexoses fructose, sorbose,

tagatose and on a number of ald.ohexoses and dLsaccharides.

Of all the sugars tested only eorbose and. tagatose chelate

Lron as porrerfully as does fructose.

3. Conclusion

As a result of the work discussed in this chapter it ls
concluded that the interesting bJ-ologÍca1 phenonenon of iron

chelation by Eugars and polyols ís extrlbited most strongly

by those courpounds whLch contain ttre dihydro:ry acetone

structure in their molecule; Èhat this property ls one whLcÌ¡

dístlnguLshes keto from aldo sugarst and that tÌre structure

of the iron-fructose chelate proposad by Saltmants group.

deplcted, on page 5 \ should be modifLed to one in whlch the

iron atom is fncorçorated into a six-me¡rbered ring, borurd

through the hydrorßyl earbon atoms to carbon atoms one and

three of tl¡e fructose moLecule, as follows:

t
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llable 13. Iron Chelatl,ng Abtltty of L,2 and 3 Carbon Atonr Compounds wLth Hydroryl¡ Aldehyde

and Ketone FunetLonal GrouPs

Coqround
Iron

clrelatl.ng
abllityt

Conpotrnd
Iron

chelatf.ng
abtltty

llcthanol
Etl¡anoI
Ethylene glycol
n-Propanol
Lso-Propanol
Propylene glycol
Propane-l, 3-dLol
Glycerol
Formaldehyde
.Bcet¡ldehyde
Glyoxal
PropJ.onaldehyde

I
rlron che
eolution

<1
<1
<1

<l
<1

17.5
L2

<1
t

Propane dtaldehyde
àcetone
Glycolllc aldehyde
3-Hydrory pro¡ranol
Lactaldehyde
Glyceric aldehyde
2-Hydrory propan-l, 3-dlal-
I-Bydroxy acetone
Dthydroxy acatone
!,tetfiyl glyoxal
2-Kcto propan-l' 3-dLal
3-Hydrory-2 keÈo proPanal

t

t
t
t
t

I00

t
t

latJ,ng abtltty - t of Fe3* held !,n sglutLon at pB 8.0 when equ¡I voluneg of 0.1 [rl.
of tñe cubatãBce r¡¡rder test and 10-2 !,f. FeClg are ¡rf.xed and the pn ral¡cd to 8.0.

tCo4rognd not available or too unstable for testtng by thLg Procedure.
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CHAPTER VIT

CIIEI¡ATING AGENTS IN FOOD AI{D FOOD DIGESTION PRODUCÎS
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1. Purpose a¡rd PIan of the InvestLgatLon

After Lt becare evLdeat that r¡nder c-ertaLn condl,tions

chelatLng agents could, narkedly affcct the oxtent of gastro-

LntestLnal fron absorption, Lt was decided to lnveetigate

whether food or food dtgøstlon producte contained subctances

whLch could chelate dJ,etary ¡retals. Any euch subetancec, Ln

order t,o cxert maxj.mal effeet, would have to be prerent Ln tl¡e

foodgtuff itsclf or else be produced ag a result of aalLvary

or gastrlc dlgestion ao as to be able to react wiÛt the free

retal Lon aa Lt wae rcleased from Lts food conJugate by the

acld,/peptlc dtgeetLon in the etonach (Sanford, 1960). Exchange

fron one chelating agent to anothar wf.lI oecur even in alJ<alLne

condltlons, where lablle comBleres are lnvolveð, but chelatÍon

of an insolt¡ble rnetal coryorurd Ln alkalLne conäitlons 1s

uaually very elor. For theae rcacons ft was decíded to eranLne

soæ typleal baeic foodstuff¡ a¡¡d look for chelating abtltty tn

tl¡e subgta¡rces themselves a¡¡d Ln tt¡eLr dlgeett on productr.

Fats were not c¡cani,ned in detall as the nonocarboryllc

fatty aclds do not poeeess the llgand groupt for chelatfon, and

a¡ hag been shown above, glyccrol has only uoderatc fron

chelatlng abllity ln 0.1 l{. concentratl.on. Egg al,btnLn was

takcn ag an êxaqrle of a tlpfcal d"tetary protoin and lt was

exanlned togcther wlth t*te productg of lte tr¡r¡ptíe and peptf,c
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hydrolyels. The most lmportant carbohydrate constLtuente of
Ba¡re diet are ttre trro polysaccharfdee am¡'loee and arlzlopeetin.

Both of tl¡ese were studLed together wltù the Lntemedlatc and

end-products of thcir salivary digcetlon.

2. Materl.ale and Ètettroda

Reagente I AlùunLn, Egg (Ovalbumtn) Crude Povdcr, Grade II,
SÍgrma.

Trypsin, Laboratory Reagent, E .D.E.

Pepsf,n, 1: 10 r 000, SJ.gma.

Àqrlose, from Corn, Grade II, Slg,ma.

Anylopectin, from Corn, Graðe If , $igma.

6all,va: after rlnslng tlrc rcuth the caliva

san¡rle was colloctcd ln a bealcer a¡rd used

lmed,Lately.

Apparatus: Enz¡mic d"igestions rere carrl.cd out in a

the¡moetatically controlled water bath at eltl¡er
25 or 38o t 0.2oc. The dlgeatf,on mlxtr¡res were

agitated by æane of a necha¡l.sal f1aEk sha¡ßer.

l{olecular
Sfevingr

Eydrolysat¡ nixturat werê recolvcd by dwnward

paasage through a 90 x I.5 cn. colunn of Sephader

c-50 fl,ne (exeluaLon Urn{t 101000 nolecular wel,ght).
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Effluent was collected ln 40 x 3.75 ml. fractl.ons.

Solvent used was physf.ologf.cal calLne.

ProteLn eo¡¡centratLon waa estimated by the

standard bLuret reactf.on. fhe absorbance of

the product was measured spectrophotometrLcally

at, 320 my.

The orcl.nol reactLon as ðeecrtbed by Xabat a¡td

lrtayer (1961) wae used. ThLg Ls a general

reactlon for the estLmation of carbohydrates

whlch ls suitable for uee even in the prerence

of proteLn, The eoloured product l.s reaer¡red

epeetro¡lhotoæÈrieally at 5{0 m¡.

One drop of hydrolysate was nlxed on a whLte

spottf.ng tlle with a drop of 0.1 l{. LodLne

solutl-on (Merck-Titrlsol),

3. ResulÈs

A. Protcin. Prelf.niaary radlolron eolubiltty tests vtere

caried out on al.br¡nin solutions of varLous strongths. these

tests showed tt¡at albr¡nln solutl.ons of strength 0.0lt or lese

had negltgible cheLating ability. Albunin solutisns of

atrengttr greater tl¡a¡r 0.01t Eave positlve regults.
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The effcct of peptl,c and trypt,ie hydrolysLs of albumin

was then studled. A mlxture of 20 nl. of, lt albunLn anð

20 nl. of 0.02t pepsl,n fn 0.1 ll. ECI ras agitated Ln the

water bath at 25oC. San¡rles we¡¡e removed at one mlnute

lntenals for tbe flr¡t ten ul,nutes and tt¡an at fLvc minute

l.nten¡als for tÌre next hour. llhc experl,nent wag repeatcd

usl.ng 20 ¡r1. of lt albumln and ?0 ml. of 0.02t trlpsLn in

salLne and agltatlon wae carried out et lOoC. pH throughout

ttre experlænt remalned between 6 .8 and 6 .9 ,

The one nI. eanples removed durf'ng tÌre¡e e:çerlmnts were

dllutcd so ar to bring the concentratlon of orf.gfnal protein

sr¡bEtrate to 0.01t. Radl,oiron solubllity t¡sts were carrled

out on a1l these sarples, and protef,n coucentratlon waa

neagured.

No increase fn chelatfng abtltty occurned durtng thc courae

of peptLc or trlptfc hydrolysLe of egg al.bunln as maaured by

the radl,olron rolt¡bLIlty tegt.

B. Carbohydrate. Ar deter¡nLned by the radloLron aolublllty

teet the Lron chelating abilitles of auryloee and anrylopectin

are emall. Solutl.ons of arnylose of strength 0.021 0.031 0.01,

0"05, 0.1, and 0.51 v/v rere teeted by the radLoLron solubLltty

test and found to have no lron chelatLng abtütf¡. lilhen anylo-

peetln solutlons cf the sa!Ê strengtht were tegteð lt waa



62

for¡nð that 0.5t a¡rd 0.1t atrengtha ¡retrG ablc to chelate Lron,

but wlttr furtl¡er dLlutLon ehelatLng abllt ty fell off and

below a eoncGntratlon of 0.03t w,/v chclatlng abtltty could

not bc detect¡d. Îàege regulta ara erunrlaeð in Table 15.

l{hen ttrceo tnro earbohydratoa were hydrolysed by tbe

aalLvary auylase ptyalJ.n a¡¡d the end-product¡ of tlre hydrolyaia

excnfned f.t ras forr¡d tl¡at tlrey had no chelatlng abtlity ln thc

eonæntratLons u¡ed. ThLs result wac to bo cxpected fron

prevLoua work (Chapter \Æ, Table 13) wtttch ¡howed the inablltty

of 0.1 !1. glucoce and naltose to chelate lron.

It was tlren ðecldsd to rea¡uæ ttre chelatfng abtllty of

ttrc hydrolyeLs nlxture tlrroughout, thc cour¡c of aalLvarl'

dlgestfon. Aeeordltngly, 'Èlte ¡nlrturc wal ttmpled at one

nLnutc lnterrale for tÌre ne¡rt 20 nlnutes.

Anylose. Hydrolysie nlxtur¡e: 200 nl.of 0.03t amyloee

Ln 10t w,/v physfologlcal ca1f.ne, pH 6.8-6.9 (ctrecked at bcglnning

and end of e:çer!.ænt) , pIuE 0.05 m1, salLya. Eydrolysl.r

conditfongr gentle agitatfon in a water bath at 25oC.

Re¡ultr No lron ctrelatLng abiltty vac exhtbLtedl by the

hydl¡oly¡l.g nLxture at any polat throughout tÌ¡e reaetfon.

rny gtLn. HydlrolysLs nlxture¡ 200 nl , oî.0.03t

an¡rlopeettn ,.n 10t wrlv phyatologleal salLner PE 6,8 - 5.9

(chcclscð at beglnnlng and end of experlnent), plus 0.05 nl.
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Ealiva. Hyd,rolysis cond,itfons: gentle agitation ln a rater
bath at 25oc.

Resultr À striking increase in iron chelating abllity
wae obeerrrcd, within one minute of adding the saliva, the

values roae to a naxlmr¡m withl-n two to for¡r minutee of adding

tåe salÍva and then sharply decllned to the baseline value

withLn a¡rother 6 to I minutes. Results of a typícal

experiænt are glven fn Figure ll,

A freshly prepared amylopectln solution had been used Ln

ttre erperl.nent¡ Just deecrLboð a¡rd the poastbtltty had to be

conslde¡¡ed ttrat the Lncreasc fn chelatfng ablllty waa cau¡ed

by a sltr reaction of water wLth the amylopectln macroolecule.

Purtåer crçerlmntg were carrLed out on anylopectin solutiong

whicl¡ had been prepared 2l hours earll.er. ReÐults of a

tlpical e:<perÍment a¡e shown fn Figrure 12. ft can be sGen

tl¡at the 24 hor¡r contact with water ia not ¡ufflcient to

Íncreasc the chelating ability of aqrlopectin, but lt shorten¡

tl¡e tine requlred for ealiva to fncrease chelating lbtÉty
a¡rd aleo shortene the tine f,or Èhe lnduced chelatíng abiUty
to return to tt¡e baseline leveI.

That thls phenonenon waa cauced by enr¡m1c dLgeetLon üaE

euggested by experiænts wlth hcat ðeaatured. aallva (bolling

water bath 5 nÍnutca) which falled to Lnqreaee cbelatlng
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ability.
fn a further ex¡lerLment the hydrolysLs was stopped

after one mLnute by HCl inactivatLon of ptyall.n and radlo-

lron was added. 200 mI. of 3t w/v aw¡lopeetf,n solutfon in
10t w/v ealine at pII 5.8 was added to 5 ml. of ealLva and

the mixture agítated at 25oC. for one mlnute. À 1 ml.

alf.quot of the hydrolysate was tlren removed and mLxed wltt¡

0.15 uci re59el, and the pH lowered to belorc 2.0 by ttre

addltion of HCl. An electrometric titratLon to pH 8.0 was

then carried out wl-th NH{OH and the solution centrifuged

:(2000 !.c.f . for 30 mJ-n.) to deposLt any Fe(OH)3 fornred.

0.5 ml. of the aupernata¡¡t wag regolved acaordi¡rg to molecular

slze by dmnward pasaage through a Sephadex colu¡rn and the

eluant collected Ln {0 x 3.75 nL. fractions Ln a¡¡ automatLc

fractlon collector. The fractlona wcre analysed for radlo-

Lron and carbohydrate content. The results of thls
e:çerLnent showed that the Lron cl¡elating fractLon was totally
excluded by the Sephadex and waa therefore of a nolecular

welght ln excess of 10 r 000. The re¡ulte of t!¡l.s erq>erfnent

are ghow¡¡ graphLcally ln flgure 13Ao¡.¿S.

4 Comento

fhe role of tlre human salLvary glandr in dlgoetlon aPpearg

soltrwhat a¡romalous. No protease or llpase of a¡ry consequence
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La found in sallva, but large amounts of the alpha anlzlasc

ptyaltn are present. ThÍs enz1zre haa an opt{mm pE of 6.8

a¡rd Lg Lngtantly lnactlr¡ated a¡rd dcnatured whcn Lt nLroe wlth

gaetrLc Jutce of lor pH. ![he resulte of the expcrfænts

repoÉed tn thls chepter suggest a new role f,or thc rallvarl'
enzIzrea, a rolc whl,ctr would be perfo¡¡ed becauae of a¡rd not

fn spite of, tJ¡e ghort tiæ available for thLs enrlme to act.

Thir role Ls ttre lntenction ¡¡lth dietary aq¡rlopectl'n to

proôrce an iron ctrelatlng produet whlch could eerrn tlre

fr¡nctlon of keepLng d"letar¡r Lron in solutlon in thc alkalLne

envÍronænt of tbc duodentn where lt 1s abeorbed,
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1. Purpose and Pla¡r of tàe InrrcatLgatLon

Many of the dnrgs and antibioticE Lngested, by man are

powerful ahelEtors of metalE Lncludfng Lron (WeLnberg, 1960).

Such a drug ie salicyllc acid, and its abllfty in this regard

has been long recognised. Becauae of ttre wlderpread a¡rd

often long-tem uee of this drug - eepecially as ttre acetyl

derl.vative Ln the fonn of åspirLn - it wae öeclded to

investlgate Lte effect on tJre gastrofnteetl.nal abeorptfon of

iron ln ma¡r. A furttrer roaaon for tlris investigation wa¡

the recognitlon that sa1icylatee, usually Ln the for¡r of

aspLrln, can cause íron defLcÍeney anaenLa (Sr¡¡ærsklll and

Alvarez, 1958; Benerldn., Bannennn, Evanson and lÍítts, 1965).

such salicylat. 
*'*"*'* 

is usually attrlbuted to aliæntary

bleeding a¡rd thera is frequently evfdence for thts aseociation:

patíent¡ with haemaÈeneeis or ælaona frequently have a

hiotory of aspirln takLng; and occult, blood san be demonstrated

ln tÏre Etools of 50 Èo 70t of people taking aspLrin (Scott'

Porter, Ic¡ris and DLxon, 1961) . The de¡nonstration reported

earlLer in thls theeis that synthetic chelating agenta such ae

EDTA ar¡d IIßPA could profoundly deprace Lron abaorptlon

euggested a¡rother e:çIanation for anaenLa.
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2. Itfaterials and ltlethode

In vfvo studiee. 32 radl.olron absorptlon testa were

sarrled ouÈ on 16 hae¡natologically nornal young nen. Each

peraon had 2 abeorptlon teeter oDê in whfch the labelled Lron'

was gJ.ven faating and one Ln whlch ft wae gl,ven wlttt salLcylate.

A dose of, 2 uCi of trr59 wlûr 5 mg. of lron in 200 nl. of water

was ured. 'i$re teet doso of sodiun ealJ.cylate 730 ng. rrâE sudr

that the nolar ratlo of salicylate:Lron wag 50¡1, such a molar

exceEs of chelatl,ng agent to lron havlng previously been ehown

necessary 1f a chelating agent Ls to affect Lron absorptÍon

(Chapter fII).
Because sallcylic acid blnda ferric Lron more strongly

ttran ferrous iron, an equal nu¡nlrer of studl.es were earrLed out

witå 5 mg. of ferrlc sulphate ar¡d wLth 5 ry. of ferroug

sulphate to whict¡ was added 50 ng. of ascorbLc acld to mal-ntaLn

reducing conditions in tl¡e gtomach.

AbsorptLon of r"59 was nìeasured in a whole body gamna

spectroreter after allorring 14 daye for the unabsorbed radio-

actÍvity to be excreted. The rrethod used was that descrlbed

previously (Chapter III) .

In vltro studies. A epectrophotometrlc technlque wae

used, to estl,nate the relatlvc bLndtng etrength of aallcTlate

a¡rd hr¡na¡r gastrLc Jufce for 1¡¡on. lltre aboorptlon apectru¡r for
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Lron sall,cYlate has a maxi¡nurn at 520 mu and the etablli.B¡ of
thLs chelate waa tested against, gastrf,c JuJ.ce, in the followlng

way. Mixtu¡¡es were prepared whlch were 0.0005 l{. wtth respect

to sodLrn salLeylate and 0.0005 !1. wlth respeet to PeClr. lfhe
)'5

absorba¡rce of tlre reactLon producte at pH å wae neagured at 520

Du. lþasureæntg were then made on mlxtures of tlreee anounts

of salieylate and Lron but contalnJ.ng 5l v/v gastrie Julce at
pH L5- Sarnples of gastrJ.c Jut ce obtalned frour 6 norural persons

Ln tt¡e fastJ.ng atate rrere teeted in thls fashLon.

3. Resulte

SalLcïlate a¡rd Lron abeorption. ^Abaorptl,on of tl¡e iron-
salicylate ct¡e1ate dLd not dfffer sLgmificantly from that of

Lron alone, either Ln ttre ferrous fom (Table 16) or Ln the

ferrÍc (fable l7). Ttre normal variation betveen tnro tests

perforned under Ldentlcal conditions Ln tble laboratory

Lnfrequently exeeeds 12t" In only 2 of 16. subJects (no. 32,

lI) did sodiun aalicYlate reduce absorption by more than thle

amou¡tt.

Saliclzlate and gaetrlc Juice. Fi.gure 14 shors that the

abaorptJ.on naxlmun of the Lron-sallcylate coqrlex ocqura at

520 nu, ât rhl.ch wavelengt*r nelthor FeCl3 nor gactric JuJ.ce

has a¡¡y æasurable abaorba¡rce Ln the concentratlonc uced.



Table 16

Bffect of Orally àduLnLetcred Sod.l-un SaLfeylate on Ferroue

fron Absorptíon (5 qf . Iron, 50 nrg. Ageorbic ÀcLd)

s9

SubJact

31

32

33

3{

35

35

37

38

*tdnLnlgtered ffret.

l{ean

Fe

Control

17'

{6*

18

18

16

L2

10*

g*

21.9t

ÀbaorptLon (f)
Na aalLclzlate

l8

16

I{*
7t

1g*

11*

10

10

16.8t



Tabls 17

Bffeet of Orall,y tdnlal,ctÊrod Sod.tua Selleylate o¡r Fcrlrlc

Irqr lbeorption (5 ry. frm)

59

SubJcot

39

{0

41

12

{3

1l

{5

¿6

rldrlnt ¡teæd fl.r¡t.

!þa¡

Fe

Conùaol

Itr
23r

19

lg.
l6

I3

10*

I

18.53

Àbaor¡rtJ.on tfl
Ue eelleylate

a1

lr
ãr

10

21r

15r

t
Ir

11. tl
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Bowevetr, the Lron-ealicylate eornplex r*as not for¡ed whcn

gastrJ.c Juice wae added Èo the sallcylic acLd and ferric Lron,

indfcating the preaence Ln gastric JuLce of a coryonent whlctt

l¡ae a greater avldl,ty for Lron tl¡an doe¡ eallcylic acld.

I Compnta

ll,heae resulte show that chelating Lron by sallcryzlle acLd

doeg not affect ttre ertênt of lts all'nentary absorption. The

e¡planation for tlrLe behaviour waa show¡r to be fn the Lron-

btnd"tng property of gastrf.c Juíce, whf.ch was euch ttrat fron

waa bound mctre etrongly, and therefore preferentlally' to

gastric Juice. Thege obeervations lllu¡ùrate one of the

dangers of ertrapolating studles of a deflned chen!.cal ayaten

to the corylcx eituatÍ.on which exlste I'n tlre grut. In tl¡|s

envLronnent the net a.bsorpÈion will Þe affected not only by

the cubcta¡¡ees u¡¡der atudy but of the produets of dJ.geetl'on

anô thË sêcretLons of the gut Lteelf.
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I. Purlrose and Plan of the Inveetigatl,on

lDhe co¡nbinatLon of a metal ion wLtl¡ a chelatíng or

corylexing agent almost always fncreasec its tendency to

exist in a higher valence state (Rubl,n, 1960) . For

eran¡rle, desferrfoxatnlne has been shffitr not to react with

ferrous iron (Goodwin and Whttten, 1965) r¡nlesg under

conditions which pernlt or facLll.tate prLor oxidation to

tl¡e ferrle state.

The enryne xa¡rtbLne oxl.dase is wldely distrlbuted through-

out the body and performa a varlety of ¡netabolLc functlone

besl.dee the prfnelpal one of catalysl.ng the oxidati.on of

hypoxanttrine to xa¡rthlne a¡rd xanthLne to urLc acl,d, (Eliont

Taylor and Hf.tchlngs r 196{) . InhibitLon of xa¡rthine oxidase

ntght affect Lron netaboll,sm because the ferrltl,n-xa¡rthLne

oxLdaae system hag been proposed as a æehanLsn for the

nobl,lfsatLon of Lron from tÌ¡e liver and intestLnal mucosa

(Irlarur, Green, Saha and Carleton, f958r. fnhibltion of thc

enryr€ f.n the gut mucoea nlght reeult Ln the accumulatLon of

ferric ferritLn whl,ch would be unavallable for tra¡rgfar

acroas tl¡e ceII ¡nenbra¡re to Èhe plasma. The a"bsorptLon of

lron yould be decreased when the eell Ls exfolfated at tlre end

of l-ts lifespan. Thusr oD ttrle reasonlng, tnhtbttton of

xanthLne oxl.dase night exert a paradoxleal effect on Lron
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netabolJ.sm - d1¡nlnlshed absorptlon from the intactlne wltl¡

l-ncreased etores in the liver. Because of ttre effect of

thÍs enzyre on tt¡e valency state of intracellular lron, lt
was decided to lnvestigate the effect of the potent

i.nhlbltor of xanthLne oxLdaee rÀllopurlnol" ({-hydrorypyrazolo

(3,1-ð) pyrlnidLne).

2. ttateriale and ilcthods

56 radlolron absorptfon ctudLes were carrLed out on 28

healthy volr¡¡rteers. Iron abcorption wa6 reasured using 3

uCl of tr"59 fn 200 nl. of water in whlch there was a carrler
of 5 mg. of Lron a¡ ferrous eulphate and 50 mg. of ascorbic

acld. Each person had two abeorpt,ion testg, one in which the

labellsd lron was gLnen fasting and one Ln shich it was gfven

durJ.ng ttre adnLnl,etration of allopurLnol (Burroughe Wellcome).

The ncthod of testing was randonieed, a¡rd the Lnitial etudy

waa tÌre control teet in 15 peraons a¡rd the allopurinol

treatnent in 13. Three doge echedules of allopurinol wore used.

3-day maintenance dose. I subJects were gÍven 300 ng. of
allopurlnol dafly f.or 2 days bef,ore and on the day of the Íron

absorptlon study. The drug was gJ.ven orally Ín 3 dLvLded

doaes dally. Thls anount of allopurinol is the usual

malntenanee dose requl,red in gouty subJects to keep the senrm
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level of uric acid within the physiologieal range.

3-day hlgh dose. I subJects were gl.ven 900 ng. of
allopurLnol daLly ln 4 divided doees for 3 days. A maxrnunr

effeet on purine netaboliem is usually achlevcd wl,th thLs

daily schedule.

9-day h dose. LZ subjects were given 800 ng. of
arü.opurLnol daLly for 4 days before the absorption test, the

day of the teei, and for I days after ttre test. ThLs

schedule was adopted ln a¡r attempt to lnfluence xantt¡Íne

o:¡ldase activity ln t!¡e Íntestl,nal mucosa durtng Èhe life-
tpan of tf¡e cells.

rron absorptLon was meaaured in a whore body corurter

ae previously deseribed, (chapter rrr). The subJects were

fasted for 1,2 houre before and 2 houre after tl¡e teet dose

of re59, and abaorptl.on wag egtLnated 1l days after the oral
radLoactlvtty had been given.

3. Results

AllopurLnol dl.d not alter the extent of abeorption of
radi.oiron. The ræan absorytJ"on in 28 control studLes naa

15t and in a el-mLlar number of, studies after arropurLnol 13t.

This dLfference l-s not etatistLcally signlfLcant. The norr¡al

varLatl,on betveen tr¡o tests perfor:ned r¡nder LdentLcal
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cLrcumstances in thls laboratory haø not exceeded L2*, and only

3 of tt¡e 28 aubJects erceeded thLg amor¡¡rt in tl¡L¡ study. Tno

subJects showed reduced abeorptLon wLtl¡ allopurinol of tlrls
degree ar¡d one Lncreased abeorption.

In the studj.es when allopurJ.nol was given fn the dosage

of 300 ng. datly for 3 days the mean absorptLon waa 13t

cmpared wLth the mean abeorptlon Ln the control etudy of 15t

(Table 18) . wtth the dosage of 800 nrg. datly for 3 days the

mean lras 14t after alloprrrLnol and 18t ln the fastlng etudy

,(Table 19) . When allopurLnol was given for 9 days Ln a

dosage of 800 ng. a day tire mea¡r absorption was L2lt ¡rn

ldentical rrean to the control study (Table 20) . None of
theee dl.fferences was statlstl.cally stgrnlftcent.

{ Coneluslona

fhese results show that ttre xa¡rthlne-o¡rldace lnhibltor
"allopurLnol" Ls not associated wfth a algnlfica¡rt ahange 1n

iron absorptlon in nar¡. The Etudy alEo provides indLrect

evidenee that ttre ferritin-xa¡rthLne oxidaee eystem Le not a
maJor phyefological ¡mctrar¡lsm Ín the control of iron abeorption

at tåe muoosal lenel. It does not, horevcr, contribute

lnfomation about ttre effest of ttre drug on the nobLlleatlon

of fron from tlre liner, a point whlch 1s in dispute at the

uoment (Àyvazf.an, L961; Porell a¡¡d Emerson, 1,966) .



Table l8

Ef,f,ect of, 3-day ldalntenanse llosage of Allopurf.nol on

Radi.oLron Abrorptlon (300 ng. Allopurinolr/day)

SubJect Sex

t1

t8

t9

59

sl
52

53

5{

t Âbsortrrtlon of tre59

lfLttrout ltfth
allopurlnol allopurlnol

t{

t[

lt

lrt

F

li

¡.1

ü

7

10

I1

1l

15

20

20

23

l0

0

L2

10

35

16

10

9

13llêâ¡ absorptlon (f) 15



Tabb 19

Eff,eet of t-äay Efgh Dosagro of Allopurinol o¡ R¡ðfoiron

lbeor¡ltloa (t00 ug. àlløpurlnolr/êay)

t åbaorptl.ær of FeF9

EubJoat 8c¡
IfLthost lfLtt¡

ellopurlnol allopurLnol

5S

56

37

58

59

50

6T

62

t{

lrl

It

tl

¡l

td

x

Ë

3

5

1I

t3

16

1E

33

tl

18

6

9

I
10

19

t1

e0

33

1¿Ësür rb¡orptlon (fl
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Eff,cet of 9-dry Etgb Dosago of ÀIlopr¡rlaot æ B¡dl,olron

ÀbaorptJ.on (800 ug. Allopnrlnolr/day)

SubJeet Ssx
I lbaorptLoû of, re59

Wl,tf¡out mÈh
ello¡rurlnol allqurlaol

63

6l
63

66

6?

68

69

70

7L

72

73

,rl

u¿

1t

15

16

l6

1l

IE

e0

ur

x

H

u

¡,1

It

It

ll
ü

l{

F

u

It

2

z

7

I

3

I
1{

I
t3

I3

7

I
I

1t

27

l3

t2lf¡r¡ abaor¡rtLon (ll
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l. Pur¡roae and PIan of the Study

Saliva, gaatrLc JuJ.ee, LntestLnal Juice, blle and pancreatLc

Juicc are all eeereted into the gut lr¡men and therefore must bê

con¡Ldered as possfble sources of endogenous ct¡elating agentø.

À conelderatLon of the chemLeal requLreænts for ¡netal chelate

fornatLon - espectally Ln the caae of Lron - suggeste tl¡at
gastric Jul.ce is likely to be the most tuportant of ttreee

subotancea, alttrough sallva could also play a part. Gastrlc

Jul,ee seema lLkely to be J.nportant because dietary Lron ie

released from food conJugatee Ln the actdr/pepttc d!.gegtlon In

thc ctonach (Sa¡rford, 1960) and rapid fornation of Lron

chelatec usually requJ,res a¡r Lnltlally lonr pu such as that

found ln l¡he gtomach.

fhe present study wae desigmed to deternl,ne whether

ctrelatLng substances werê normally preaent Ln htua¡¡ gaetrl,c

Julce, and if so to learn ao¡nethLng of thefr nature, arcunt

a¡d role.

2. t{aterlale anð I'tethoda

Sr¡blestc gtudLed , The Lron chelating ablltty of gaetrJ.e

JuJ.cc war gtudl,ed ln 30 nomal subJects. Specffl,cally, the

srrbJects stud.!.ed had no dlsturbance of thelr haematologl.cal or

gastrointeatLnal eyetens and all demonstrated nontal gaetrLc
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hydrochlorl,c acLd productLon.

collectlon of gastrle Juíce. Gastrlc Julce waa obtarned

from atl subJects after a 12 hour fast, A radLo-opaque

etomch tube was Lntroduced r¡nder radLologLcal control eo

tl¡at its tlp lay at the centre of the greater curvaturc.
I{tth the subJect Ln the eeml-left lateral poeltion t}¡e stonach

wrs er¡frtled a¡rd this materLal dLgcarded. Fastlng Eaetrlc
Juice was then collected by Lntemittent euctl.on for a pcrLod

of 30 nlnutee. PartLcular attention was paLd to ttre

excluelon of naaopharyagear secretions and sariva dr¡rl,ng the

eollectLon.

Itleaeureænt of lron chelatlng ablrlty. chelat!.ng abtllty
was accegged by the radloiron solubillty test descrÍbed Ln

chapter v. 2 nl. of 2gt v/v gastrLc Jr¡fee were uecd for
theee teets and the resulte were expressed as mg. of ferric
fron bound per nI. of gaatrfc Jufcc.

Molecular sl.evinq |ftre varl,oug protefn components ofa

gastric Jufee were separated on the baelg of molecular aLae by

upward paseage through a 2,5 x ¡10 sm. 'sephadex G-200' colr¡nn
(Figtrre 15) . lrhe elutlng buffer used was phystorogreal

sall.ne buffered, to pH 8.0 wl,th O.O2 U. NE{CI/NH{OH. The

effluent fron tl¡e coluro was sorrected ln fractions whlch



Ffgure 15: Chromatography colunn and f,raetlo¡r
collector used for Sephadex Gcl
fLltration.



7s

were aEsayed for relatlve protein content by measurenent of

ultravlolet light absorption at 280 ny. llhe conponent

responsible for bindl.ng J.ron was identffled by prior labelling
of the specimen with radloLron and al.so by carryLng out radio-

Lron soh¡bIItty testa on the eluent fractLon¡ of r¡nl¡bclled

speclnene.

Polyacryla¡rl-de diec qel electrophoreeLs. SeparatLon of

ttre gastric juice components was also achier¡ed by usfng the

technLque of polyacrylanride dLsc ael electrophoreele whereby

ttre fractions are separated on the basLs of ¡nolecular charge

as well as size (DavLs and Orzrsteln, 1961). The gel columns

were fomed Ln 60 m. lengths of glass tubing of 5 m.
Lnternal dianeter. Electrophoretlc concentratlon of the

aaq>le naterLal took place Ln a short lone of a large Pore

gel after whiel¡ separatLon of tlre conrponents was aehf.aved in a

gel of snall pore sLze uef.ng a curr'ent of I ntlltanps P€r

tr¡be. The gels were etal,ned and flxed sith AmLdo Schwartz

Ln 7t acetl.c acLd after which electrophoretLe destal,nLng

removed any unbound pignent. The apparatue used is

lllustrated ln Flgnre 16.

3. Rceult,e

ltarked lron chelatLng abiltty was for¡nd Ln the gastrlc

Julce of all 30 patients etudied. lthe results whlch are
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presented in Table 21 chow thet the iron-blnd,lng capacf.ty

ranged frm 0.0{ to 0.22 mg. r"#7rt. oi gartrLc Jutee ÎfLtl¡

a æan of 0 . 1{ ¡ng. Fe*#.
When gastrÍe Jutcc of tÏre enbJecta ctudled waa rcsolved

by nolecular sLeving, a con¡Lstent elution paÈtern waa

found (Fi.gure 17) , The radlo-l.ron was for¡nd to be aseocf.ated

wlth thc totalry excludcd high ¡¡olecular weLght fractlon. rn

ordcr to ensure ttrat theee results rere not caused by a
nodlftcatLon of, tlre gastrlc Julce proteLn cau¡ed by an in
vLtro reactlon wl.th ferrfc lron, Lron solr¡btllty tests rera
carrLed out on ttre eluted fractLone of r¡nlabelled EastrLc

JuJ,ce. Once agaln only the ffrst high noleeular refght
frectfon demonstrated Lron-bLndlng abillty.

In tl¡e electrophoretic atudLes of gastrLe JuLce radlolron
wac aleo Located Ln a specf-fLc band (Flgure 18).

FurtÌrer control experLmente carried out with blood

plaena and wltl¡ purified trangferrin ¡hcred that lror¡-bLndlng

peak Ln norecular afevLng and ttra Lron-bl,ndlng band Ln the

disc gelg d.ld not corrsspond Ln poal.tÍon to tran¡ferrLn, the

norrral Lro¡r btnd.lng proteLn of se¡n¡n.

1. ConcLugion

Thê reeulte pnecented ln ffits ohaptcr dernonstrate thc

prÊsence Ln norn¡l human gastrl.c Juice of a htgh molecular



Table 21

Iron-BLndfng Capaelty of Gastric iluLce frm t{om¡I Er¡n¡n EubJeets

SubJect
No.

Iron-bfnding capacity
Egt. ¡rg**s/ul .
gastrLc Julce

fron-bfndlng capacity
*IfFa+*/mL.gaetric Jt¡tcc-

SubJect
No.

I
2

3

I
5

6

7

I
I

10

11

L2

13

1{

15

0.126

0 .132

0. r02

0.190

0.165

0. l{3
0 .220

0.115

0.22A

0.094

0 .088

0 .176

0 .217

0.219

0,162

16

I7

18

I9

20

2L

22

23

21

25

26

27

28

29

30

0 .119

0.L27

0.116

0.105

0.182

0.197

0 .199

0 .119

0.1{9

0.056

0 ,061

0.L?l

0.179

0.058

0 .057

ttean Lron-blndtng capacity - 0.I{4 ng. Fe#7n1. gaatrfc Jutce
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Flgure 18r Polyacrylamfdc d{ee gel elcctrophorcal.E.
Top: No¡rna1 human gaatrLc Jui.ce.Ccntre¡ Normal hr¡¡nan gaatrLc juice.
Below: Normal hu¡nan lcrum.
Eanplc applfed at lcft.
Arrow LndLcatee Lron blndlng band.
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rclgùt Lro¡¡-blndlng protela. tha ammt of thLs ¡ubrtanoa

prescnt fn the gertr!.c Jutoe of the t0 nornal voltmtee¡qg

¡tudiad uee sufflcient to bl,!d the t0 ngr. of l'¡æ presoat ia

r tlpleal ifatly 6let asennl,ng ¡ cccrstJ.m of 2 to 3 lltna ot

gaatr{a Jutecr¿day. Ho evldonoe hae yet bo€D pæscntcd to

lndtoata rbcther tzbo cffoct f:bÍ¡ sub¡trnet bar æ tho

abcorptfo of Xroo i¡ an enlr¡ne.fng or f¡¡hibttlng @G.
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The æcltanLsn of gastrol.ntestinal iron absorptlon Ln man

has not been establlsheð witl¡ any certainty a¡rd ttre naJor

aûr¡a¡¡ces in knwledge in this area ln recent yeara have naf.nly

cot¡cerned tt¡e mucosal regruratlng mectranicne. The work

rraported Ln tt¡ie tt¡egLs has bêen concentrated on the pors!.ble

rolE of d.letary and lr¡ni¡ral factore ln 1rø¡ absor¡ltion. Ttro

r€lago¡rs pronptfng tìie approaeh have been tl¡e æalization
that dLetarlz iron is no¡pally greatly {n exsÊsa of t¡e body I s

needs, and secondly, the pu:zling f,act that iron absorption

occura predonÍnantly iu t.he duodenrm.

À t1pícal hrna¡r diet contains about, 15 mg. of Lron per

day, Htrev€r because of tåe rnique property of iron tåat no

nect¡aniem exLsta for its cxcr¡etion from the body, the dally
reguc,reænt for tl¡e beartby adult male ie only 0.6 ry. Even

la the caae of ¡ pregnant so¡nan the a\rÊragG daLly Lro¡r regulrc-
ænt is Lncraased qrly to 2 nE.

frro chernleal propertLes of fron whleh canr¡ot bc Lgnored

vhen con¡iderLng thc rnecha¡rt ¡n of Lts absorytlon are fl.rct
ttre fact that tùe stable valency of Lron Ln agræoua aolution
ls thc trivalont fcrrlc statet at neutral pH ferrous Lron

Ln aqræouc solutlon Ls inetantly oxidLscd to the ferrl.c gtate,

Secondly, ferric Lron Ls extreæly insoluble at hlgh pH when

it preeipitates as ferrie hydroxLde, The sorr¡blu,ty product

conEtant for ferríc hydroxide Ís 1.1 x 10-36. NGvêrtheless
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It ha,s been vell establlehcd that the naJor aÞeor¡ltLon of f.ron
occurs 1n the duodenum, the raoet alk¡llne part of thc aestro-
Lnteetinal tract. Any satigfactorr thoory of the mecha¡¡isn

of lron abaotptfon mugt therefore flrst of all explaf.n hqY lt
remaLn¡ ln solutLo¡r Ln thc alkalfne h¡nen of the duodenun so as

to bc absorbed by t:hc nueogal cells.
An a¡r¡wer to the problenr of tl¡e Lnsolnbtlity of inorga¡rle

ferrl'c Lron at hlgh pE war auggested by tl¡e gucceasfur use of
eyntlretlc I'ron chelate con¡rorurda In the treatænt of the Lron
defLcfencry states rhl.ch frequently ocaur wlth plante grwlng
on atkalLne soLle. onG of tñe outstandlng propertl.es whLeh

chclat{on freguently conferg on a mtar Lon Le ttre ability to
renain Ín ¡olutLon 1n a situatlon where Lt would othcrglse be

qnJ.te f.n¡olr¡ble. Accordingly ttre ex¡lerfmentc deEerlbed ln
chapterr rlr a¡¡d rv were deslgrned to a¡rswer ttre questfon of
rhether orally adnfnLstercd ehelatl.ng agcnta could affcct thc
ertent of, gastroLntegtlnal iron abøorptlon in nan. rn en

atten¡rt, to ex¡plaln conflÍetlng resulte raported by other
worker¡ on thc effect of ED|[À on fron abeorptl"on, thc effeet
of thc nolar ratio of chelattng agent to Lron was algo
studlcd- Ihe resulte of thLs etudy demonstrated tlrat chelatlon
eould profourdly affeet the extent of gastrol_ntestlnal iron
absorlrtLon, and furthênror@ could el.tÌrer enhance or deprese ft
accordLng to the nature of ttre chelatf.ng agent uged. For tl¡is
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effect to be achleved lt was neseaaar)t to adnLnLster a nolar

exsesE of chelatlng agent to lron. In the caae of the

s¡nttretLc ehelat,Lng agents EUIÀ and DDPA tbc nolar Gxceaa

regu!.red to produoe a depressLon of Lron absorptl,on waa 1011.

In thLs study Ít was shown for tho fl.rst tLnæ that fruetose

enhances fron abeor¡ltion ln EaIt. For thl.g offact to bc

producad tt¡e nolar ratLo of fruetoae to Lron required Ls 50:1.

The Lmportanee of a molar excêsa of chelatl-ng aEent to Lron

does not appear to have been reeognleed hftl¡erto, and lack of

attantLon to thie factor could well e:<plaln the confll.etlng

re¡ultg which have appeared in tt¡e literature.
That tt¡e enhancenent of Lron absorptlon by fructoee is

related to Lts ability to ehelate fron Ls auggreoted by tàe

experLnents reported in Chapter IV whene lt wa¡ denonstratcd

t.hat glucose gJ.ven wlttr Lron Ln a 50 r I molar excecs has no

effeet on f ron abeorption, ifhe results obtaLnad wLth fnretose

euggest that it would be a more effcctfr¡e haenatinic tha¡¡

ferrous eulphate provided ttre requt re¡ænt of tþe nêceggarf? noler

ratLo of chelatlng agenü to lron was borne Ín mr.nd. Such a

prreparrtlon ¡rou1d be of acceptably low cost for wLdespnead tl8ê¡

À furtlrer conelderation whieh Ls bel.ng lnvestlgated Ls the

poesible relatLonehlp between the lneidence of Lron deflelency

a¡raemia a¡rd the use of honey (fructose) and cane or beet sugars

(sucrose). wltts (1966) has poLnt'ed out ttrat rthe great
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epidemic of ehloroeis whl.clt fllLed the outpatlent departurentc

of lilestern Europe Ln the nlneteentb century and whlctr decll,ned

and ðleappeared Ln the flrst quarter of the present century wee

never adcquately e:<¡rlal,ned,r The Lnereaee ln sorld productlon

of ca¡re and bcet sugùr waa a relatLr¡ely laùe phencnenon ln
hf.etorlr a¡rd eould be well related to tha epldeníology of Lron

deflclency anaenla.

In order to be able to r¡ndertake tdre in vLtro stuðiee

proqrted by the reeulte of ttrese early LnrrcstigatLon¡ wLtJr

ED:IA, DTPÀ and fructoEe Lt becanre necessarT to flnd æthodls for
tt¡e detaction and ct¡aracterf.sation of chelatl.ng agents 1n

blological saqllea. Prell,ninarl' stud.Les had revealed that

nany of tt¡e ¡nett¡odg urually enpJ.oyed by organÍc cÌ¡enlsts wGrG

not guJ.te sulted to tlre study of bl.ologLeal sam¡rles of ccnr¡rlcx

a¡rd often u¡lknow¡r eomposition. A guantl,tatLve test for
ehelating abilfty whLcÌr was developed for thls study wae tl¡e

radLolron solr¡btllty teet. Thfs tesÈ is extremely aensLtLve

and is well suited to beLng carrLed out rl.tì large nr¡ruloerc of

eamples.

Ttre in vitro studies reported f.n Chapter VI were r¡¡rder-

taken to erçlain the abtltty of fructose but not glucoee to

fo¡a a etable chelate eornplex wlth iron. Às a result of thie

Lnvestlgatlon Lt was possf.ble to aecrLbo the Lron chelatlng

abiltty of the open cbaÍn fruotose molecule to tÏ¡e ðihydro:ry
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acetono stnrcture shich is for¡nd Ln it. lhis theory was tegted

by predictlng tt¡at tt¡e Eugare tagatoee a¡rd sorbose, whlct¡ had

not previously been t€sted in thie regard, would similarly be

able to fo¡m gtable ol¡elate coqrlexes wLth Lron. Experimentc

confiæd tlre prediction a¡rd a theor¡¡ was propos€d and

pnbliehed which enables a predictLon of ebelatf.ng ablltty to be

nade for any sugar or polyol. It is hoped to bc able to carrl
out ¡tudies wittr hruan vplunteer¡ to determine whether sotrbole,

tagatoee and dihydrorry acetone enha¡rce gartroLnteatLnal Lron

absorptlon in nan. If thle turna out to be the caac then

powerful evidence would be provlðad to support the tlreorlz that

the abrorytLon pronroting úllity of fructoge ls related to ltc
lron chelating abiltty a¡¡d not to it¡ raducing povera aB l,¡

argued by Croeby and hia oo-workcr¡ (Po1lac!k, Kaufuan and

Crosby, 196¡l¡ Pollaclc, Kaufna¡r, Croaby a¡¡d Butklcwfcz, 1963).

Havl,ng established ttrat ehelation could affecù, tha e¡rtent

of gaatroLntectLnal absorptLon of iron, f.t raa thcn necessatfz

to dete¡mLne whether In faet man Gncountercd fn hfs df.et, Ln

food digeetlon prodtrcta or Ln eccrGtLon¡ into thc auÈ hne¡
ct¡elatl,ng agents whiclr eould for-n strfflsi.ently ¡tabla chelates

to kcep dletary Lron ln solutloa Ln tl¡e alkalLne duodanal lunen.

To be of practlcal phyel.ologl,cal LnportaneG any cuch subetances

nould harre to be present Ln approprLate quantltJ.ee . In order

to reduce the study to practi-cable proportlons it was deel.ded

to exeluda fate a¡rd to concentratc on egg albruÍn aø a t1pJ.aal
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protein and on amylose and am1'lo¡rectln ag tl¡e two naJor conponents

of all car^lcolrydrate foode.

llhe maJor findLng from tt¡Ls phaee of tÌ¡e Lnveetígatlon was

that am¡zlopectin after beinE acted upqt þ aallva for as tttt,le
as one al,nute aequired t*re abLllgz to ehelate ferrLc iron
strongly. A most Lnterectlng aspect of thl.a study ¡rag that
actLon of sallva bcyond about flvre nLnutcs resulted. f.n tlre loss

of lroa chelatlng abiltty by arqzlopectf.n, Qua¡rtltatlvely thc

anornt of, an¡rlopectl,n Ln noaù hr¡ma¡r dicts 1s suclr ttrat tÌ¡e

¡edranlan ðegerib@d hera eourd be of great fnportanæ Ln keeplng

dfetary Lron ln eolutl.on at hf.gh pE, permtttJ.ng lts abaotptlon

fn f:be duodsnrn. The experLnente descrfbed ln Chapter \tTI

suggeet tl¡at the ooqponent ln ¡alLva rerponaf,ble for thiE
phenænon Le an enll¡me. furtber work wtll be needed to
estäbll,ch whetàer or not tÌre en¡ytrrt Ls ptyalLn, In any event,

thc phentrenon of eallva actLng on æylopectLn to produoc a

subgtanee of narked Lron cbalatlng abtlier provLdes a pooslblc

role for salivat7 dlgestlon rhLch satisfactorlly o\¡êrconês t¡e
dtfffcultLêe aasocfated wlt*¡ the trad,LtLonal vLew of ptyalln a6

the tnltl-aùor of starctr dlgeetlon. The ct¡elatlon role of
ptyalLnta actlon would aot be Ln epfte of but bceauee of tt¡e

short tLæ t*rf¡ enrymo exlets in contact wlth Lte eubstrate.

Trro studLes rere carrLed out on dnrgs ln tlre course of, thf¡
lnvcctlgatÍon. Thc experLænts vlttt aalf.eylle acid - a know¡r
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Lron chelator - rìare nost lnstructine becauee alttrough eallcy1lc
acl.d wae aot found to have any effcct on Lron abcor¡ltLon, ttre

tnlttally purzlfng rgsult proupted thc ctudy of gastrlc JuJ,ee

and garæ the fl,rst clue to the preeence of a powerful iron-
blnd,fng eubstütce In tåLs secretl,on. The atudy on tt¡e xanttrl,nc-

oxidase inhlbltor "Allopurlnol" ras agaLn negatlve but shed soæ

light on the queatLon of ttre role of tjrle enslzm whlch oceurt

ln lntegtLnal muco¡al æl1s as well a6 ln rlver. Tho resurte

ehored that rÀllopurl,nolu f,¡ not aesocLated wlttr a slgnlfLcant
change ln lron abaotptfor¡ Ln man, and provlded Lndlrect

evldence that the ferritl.n-xa¡rthl.ne o:<ldase redox aycten f¡ not

a najor phylLological æche¡rl¡n Ln the control of Lron absorptJ.on

at the mucosal level.
The etudy of the ar¡bstarrcee secrÊtcd into the gut h¡nen

Yaa reatrÍcted to gastrLe Juice ae being ltkely to be of greatest

f"nportancc, Thfs study, reported in Chapter X, shoned that the

gartrf.c JuJ.ce of healthy hrnan volunteera was capable of
blndÍng or chelattng iron, a¡d to a degree ¡uffLcient to kecp

1n colutlon tlre anor¡nt of f,ron preeent ln a nornal dlet. The

conq)onent tn gactrla Julcs reaponaiblc for lron bJ.nd.fng ie r
htgh molecular weight protefn. Prellninary characteríeation

of the sr¡bsta¡rcc has beon carrfed out uafng nsephad,exr gcJ.

flltratfon and polyacrylaml& gcl d"f sc electrophoresl.s. That

tlro role of thla cr¡batanae 1s to lnhtblt Lron abeorptl.on is
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suggested by work carrled out subsequently, but not reported

ín tl¡l¡ tt¡esls, whietr hae show¡r that the Íron blndlng protefn

of gastrlc Juice is abcent in subJecte with tdlopathic haemo-

ctrromatosis (Davis, Deller a¡rd Lr¡ke, 1965). Sephader gel

eLutlon patr-em;1 of normal a¡¡d h¡enochromatotlc radiofron

Iabel1cd gastric Julee wag ¡horn J.n Figure 19, a¡rd the poeltJ.on

of tt¡a iron-bínd!.ng ba¡rd otr a dicc ge1 electrophoretogrran fe

shoua Ln Figure 18.

Mudt further work renaÍns to be done to characterlEe the

gaetric Juice Lron-bindlng protein a¡rd to aaÊeEs Lta phyrJ,ologF

lcal role. StudLea at prescnt beLng planned Lnclude preparat-

lon of fluorescent a¡tLbody rhlch ean be used to determLne rhloh
nucoeal eellg arc naeponaJ.ble for ltg slmtlreeLc; irqr absor¡ltLon

c:çrerlnnntg in animalg and hrrnra¡r volunteer¡ to deternrfne Lts

effect on iron absorptíon¡ and quantitattve cetLnatlon¡ of tlre

contcnt of Lron-blndLng proteLn in ttre gaatrf.c Juls.'e of etrbJccts

wtth dl.¡orders cueh as Íron deficieney anaemla, transfr¡sLon

olderocLr' ffbroclzatlc dise¡Be, eirrhosia of tåe liver a¡rd

dlabetcg.

thc tochnlques used ln thie atudy are alao bclng adapted

to deterafne yhether there are æt,al bindlng protcLna ln gastrt c

Julce capable of blnd"lng other metala suclr aB eopper, rínc,

nolybdentn and cobalt. The fLrst netal bel.ng exanrined ln thlg
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regard Ls eoPpcr because of the exlstence of tl¡e coPPer over-

Ioad eondition, Wilaonts di¡eaee.

The work prosented in this thesis euggeete that eoryormds

which ale able to react cheurically wLr*r Lron to form chelate

eoryounds may be of phyef,ologieel lnportance !n tfTo ltays.

ChslatLng agents of diotary orl.gin aae ablE to keep Lron I'n

solution in ttre alkalíne envf.ronænt of the duodenlrn and so

pe¡rntt l1on to be absorb€d by t{re nucosal oella. DirecÈ

evLdsDce hae been p¡gsented to ehffi that one of these aubstancar t

fn¡ctoge, enhancec gaetrolnteetinal lron abeorption, Hæcner

the endogcnous cl¡elatLng agents may play ür oPposlta rolc 1n

regrulatLng the e¡rtent of lron abeorptlon by inhtbitlng lts

absorptlon, At ttrc lr¡nLnal lene1 tl¡crefore tlre net absorptfon

of iron nLght bc dete¡mLned by tåe I'nteractÍon of thesc tvo

opposfng nechanl.emc. If tl¡e anou¡rt of endogenoua chelatlng

agent secreted vas controlled by the bod1"¡ need to adJust iron

Lntalce, tl¡lc would rcpretênt a negatLv? feed-back msehanLsn

controllíng !.ron abøorpti,on opcrating at the h¡nlnal love1'

Àlthough the nechanicn by whl.cb l.ron is tranrported aoro¡s

ttre gut mucota baE never been elucl,datedr a great dcal of

attentLon hae been dlrectcd to th!.s aspeet. Eahn, Bale, Ro88,

Balfour and !{hlpplc (191t) put fonarð ttre '¡n¡eoeal bloch'

theory of r aelf-regUletlnE mucosaL apparttuc for tåe control
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of Lron abaorptlon. thls theory wae eubseguently mdlfted by

Gra¡rLck ( tqcu ) who euggeeted that epoferrl.tin was contlnually
belng foned a¡rd broken do¡m in tl¡e nucosal ceII. when iron
becaæ aval,l¡ble Ln thc aastrointcstiaat tract trrlg tras

bell,eved to oø¡rlcx with apoferritin ùo fom ferritin.
Ferritín accr¡mulated in the nuco¡al oell and prevented iron
from enterJ.ng the nucota. The rate of rele¡ce of iron from

fcrrl,tin wac postuleted to depend upør ot(yften tension.

Subsequont work by nrneroua auttror¡ (Bronr, Dr¡bach and ttoore,

1958¡ Bothwell, Plrzlo-BlrolL ar¡d plnch, 19SB; Snith ¡¡rd
Fa¡naceullür 1958) has show¡r tt¡at tÌrerc f.s no absolute nucosal

bloclt to lron ebeorptf on.

A naJor fj.ndlug whlcÌr has becn clearly eetablLahcd is tÌ¡at,

f¡ctors ¡uch ac blporLa, a¡raenLa or acute blood los¡ all lncreage

Lron abeor¡ltion. Iron absorptJ.on Ls Ln fact dtrectly ralated
to crytlrropoLcsis. Ilorkerg who hane eatablf ehed tht¡ rclatLon-
ehfp lncludc ReynafarJc and Rlnog (1961) , Bothrell, pinl.o-
Blrolf a¡d Flnch 1195S), liioore, Roberts ar¡d t{,Lnnfetr (1941) and

Roag and Chapln (f9l1t . Howerrur the rnechanl.sn by whLeh the

nas8aga of the bo-dy I ¡ nccd íc acnt to the nrucoaa remain¡ a

ryatcry.
Recently further u¡rdcratandlng of tlrc role of ttre nucoea Ln

fron ablotptfo¡r haa corn fron the work of Crocby and co-workere
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who harrc denongtrated that although lron nay be taken uP by

mucoËal cells, euch cellt D¡y be exf,ollated and loct before

t¡eir Lron 1e passed o¡r to plaena traneferrLn a¡d n¡de availablc

for erytàropoiesLs (Crosby, 1963) . Eowevsrr the work prssGntcð

in tåLs theris Ls not coneerned prl.nartly wlttt the nuco¡al

transport or aubeegr¡cnt utilLzation of Lron and 8o does lf.ttle

to oonf,Lrm or oppose the fLnd.fngs of otl¡er workcrs discuaeed

above.

Anong the tnrportant etudte¡ of, the effect of lunl.nal

factore on the abaor¡rtlon of lnorganl'e iron h¡nc been the

denogtrations of the eff,eet of valeney ttrtG on the absorption

of largc dosoc of iro¡ (Vcnkrtaehalan, BradLngr @orge and

tlalsh, 1956¡ Erlre a¡d Hallberg, 1962) and the fi¡dlng thaù

ccrtsin orgr¡f.e aoldc ane capable of enha¡¡cing I'ron (Bri.ce and

ga11bGrg, 1962) . Such eorpowrds aB ascorbLa asld and ¡uscinl's

aelcl as well as haVlng reduelng posers are aleo porerful irOn

ehelator¡ ¡nd l.ù ceans equally polelble that tlrelr abaorptfon

prøoting aetlon is rclated to thelr lron ctrelatlng abtltty and

not to ttreLr reducLng action. Rêcently Saltnan and eo-workers

have proposed a ner theory of tlre machar¡isn of Lron abeorptLon

whf.ch Ls based on tlre obsen¡atlon tlrat fructoee and sonc other

sugaEs aro able to forn chelate coupleres wlth lron (Charley'

Sarkar, SÈLtt and Saltnan, 1963a) . These corçlexes are able to

enhar¡ce the novenont, of lron acroaa nr¡eoaal cellg and f¡eLlltate
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the exchange of Lron betrrcen cellc and plaena (StLtt, Charlcy,

Butt a¡¡d Saltman, L962, . Salt¡na¡¡ (f965) has propoeed a

chelatLon rpohanism of Lron abeorption whieh LE b¡sed on thLs

abtltty of eertaln naturally oecurrlng drelates to enhanee lron

absorptlon. llhese obeenratlqrs provided a most stJ.nulatlng

contribution to thought ln tJrls fleld a¡rd were the startlng off
poínt for the work reported Ln ttrte theefs. llhe prf.nef.pal

defect of the partleular chelatlon ttreory proposed by Saltnan

ls that Lt sheda no light on the ¡reans whereby the absorytLon

of i¡¡on Ls lintted to the body t e needs. The work neported Ln

ttrls tl¡esfs has shtrn clearly that In ¡nan el¡elatlng agents ea¡r

eftl¡er enha¡rcc or depress Lron absor¡rtton. As the ab¡o4¡tlon

enhanclng effect of dfetarlz clrelates ls not d"lrectly related to
the bodyrs need f,or Lron, tlre qucstt,on ûrat has been raiaed by

the work presented here iE whether Éur abrorptlon ÍnhibLtl.ng

effeet of, endogenous chelates Lg a hninal nrechanisn for
controllf.ng the e¡¡tent of gastrofntestinal Lron abaor¡rtLon ln
nan.

llha epecl.flc contrlbutLone to kncn'rledge reported fn thls
tlresLs have been the denonstration of tl¡e abaorytion lnhl.bltJ.ng

effect 1n ¡uan of the orally admlnlEteæd ctrelatlng agenta EDIFÀ

and IIIPA and the absorptJo¡¡ enhancing effect of, fruetoae¡ the

demonstration of the importance of molar ratl.o of etrclatLng

agent to rúetal for elther effeet to be producedr the denelo¡r-
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ment of e radiofron solubllity test for the fn vl.tro study of

chalatLon phenoæna 1n blologlcal san¡rler ¡ tlre eluct datlon of
the ablllty of frr¡ctoso but, not glucoee to forn a et¡ble

chelate cæplex wlth lron ¡eaultLng ln a contrLbutLon to tlre
r¡nder¡tandlng of tl¡e nolecular etructure of the fron-fructose

rcleculei developnent of a greneral rule enabllng a predlctlon

to b€ nade of the iron chelatlng abtlity of sugare¡ the

dLrconery that ealivary d!.EcetLon of auylopectln, Lf rcstrlctcd
to not norê tha¡¡ a few ninute¡, relulÈs Ln tlre fomatf.on of a

product wttLch 1e a pæerful lron ehelatorr the flndlng that

salJ.ca'llc acLð, r¡nder the cor¡dftfons uaed, doeg not affeet the

gactrolntastlnql abcorptlon of fErrous or feril,c f.ron Ln nan and

that tttls rqsult can be elçlaJ.ned by tlre successful corqletltf.on

of endogenoua cbelatlng agcntr for Lront the demonstratl.on tfiat
tlre xa¡¡thLne-oxidase lnhl.bLtor tÀllopurLnol' docs not affeet
gartrol,ntestÍnal Lron absorptl,on Ln na¡¡ a¡rd that the¡¡cforc Èhe

xa¡rtlrfnc oxidaae-ferrltLn syeten i,a probably not of naJor

lryortance Ln eontrolllng Lron abeorptlon ln nant a¡rd the

dcrpnatratLon of a speef.ffc fron-bindlng htgh molccular wcl,ght

proteln coryronent of no¡ma1 hr¡nan gaatrLc Julc.e.

The praeent study therefore, lg slnply the beglnnl.ng of a

new chapter Ln the long eearch for an urderctandlng of tlre

nechanlam of gaetroLntestinal abaorptton of ¡¡stals in man.
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