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. • V IHTaOOUCTIOI

Monj studies hava l>««n p«rrorai«d on thm rol« of

eopp«r la tht maaaallan body and on doficl«noioa ooanactad

with thia aatal* In tha body eoppar la ralatad to

iiportant funotlona aa tha aynthaaia of haaoslobin and tha

aetiratlon of oartaln ancymaa ayataaa. Dafieianoj

oondltloaa ara oharaotariaad by a apaoiflo anaala and a

typioal lananaaa in aosa apaoiaa* Workara hava notioad

tha Influanoa of othar nutrienta in tha diat on tha

abaorption of eoppar* In partioulart ralationahipa axiat

batwean eoppar and aiatala aa iron, sino and nolybdanuM*

Ghalating aganta hava baan uaad with aueoaaa in plant

nutrition* Saallar aaounta of traaa »atal have given tha

a&aa affaet whan added together with a ohelating agent

than high aaounta of traoe aetaX added alone to tha aoil*

In animal nutrition the ohelating agent ealciua diaodiua

ethylenedianinetetraaoetate, i:;i)TA, ia the soat eooaonly

\iaed* The effect of thia non»biologioal agent on the

abaorption and netaboliaa of traea laetala variea with

nuneroua factora in the body*

Heoently attention haa been paid to oopper and its

effeota when fed in aupplaaental anounta to awine* Tha

aciaala ahow better utilisation of feed and higher rate of

weight gain when fed higher lerela of eoppar than normally

needed. The noticed effect of oopper on weight gain oould
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b« of great praetioal use* The oTerall eoBposltion of

the diet Buet» howeYer* be taken into conslderatioo* Bj

adding a ohelating agent lesaer asoimts of oopper or other

traoe aetala aaj proTe to he beneficial.

In the experiment reported here, varying axaounts of

copper, iron and the chelating agent £DH were added to a

control ration. In addition, a low oopper and iron ration

waa atudied. Therefore, the piirpoee of the preaent stiady

waa to determine the influence of the level of these three

subatancea in the rations on the concentration in three

lebea of the livers and the spleens.

R&VI£W 0? LIT&HA7USS

itele of Copper in Kaaaalian Biological OysteMi

Hie association of copper with a definite function in

the aniaal bod/ was shown first by wox^cers at the University

of Wisconsin (1, 2, 3). This work was initiated in 1924

by £. B. llart e^ £^. (1), and consisted of studies on

nutritional anenia and factors affecting the hcBOglobia

regeneration. Habbita were used in this original work.

When the animals were placed on a diet of whole milk at

weaning time, they developed an anemia characterised by a

low hemoglobin content and erythrocyte count of the blood.

Inexeanic iron in the form of ferric oxide added to the

basal diet did not correct thia condition unleaa accompanied
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by tr9Bh oabbagt or an aleohollo •xtraot of oabbago or

yollow com* Thoso oztrAOta woro frae from iron but w«rt

•upposod to contain soao inorganlo aubstonoo oonoamad in

tha boildins of banogXobin* ^a naoeaait/ of ooppar aa a

auppla&ant to iron for hanoglobin foraation in awina vaa

aatabliahad in 1932 (4)« Whan iron waa addad aa farrie

ohlorida to tha irtiola milk diat of anamio piga kapt undar

raatrioted eonditioQa» thara waa a ammll tamporary

i^proTomant* A rapid and a complata raoovazj waa obtainad

only aftar eoppar waa auppliad in addition to iron.

QSUiSSL Oafiaianmr. faaqu* ft §1. (5) notioad that

piga on a ooppar dafioiant diat in addition to diatary

aaamia davelopad an unuaual lag oondition* Zha hooka

baoama axtramaly flaxad and foroad tha animal to aa»uma a

aittisg poaition* Tha foralaga ahowad Tarioua typos and

dagraaa of orookadnaaa* Bj tha tanth waak aoma piga wara

unabla to atand* Ooppar dafioiant puppiaa davalopad a

similar lamanaaa (6). In both azparimanta eoppar waa

ahovn to ba of tharapautio ralua.

A daficienoy of ooppar haa not baan damonatratad in

adult humana aa ooppar ia widaly diatributad and aaaily

auppliad with tha food (?)• Bowavar, raduead ooppar layala

wara found in a matabolio diaordar, Uilaon'a diaaaaa« with

inoraaaad urinary axoration of tha mmtal (8)« A oombinad

dafioianoy of eoppar and iron waa obaarred in aoma ohildran
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with nutritional an«ai«« This ancnio condition vas

raXieTtd whan copper was giran in addition to iron (?)•

Mataboliaa 2£ icfiSSt£« ^* oemplata aigniXioanca ot

tha runotional rolt oX ooppar is not ooaplataly undarstood*

It is known that this natal is eonoamad in arythropoiasis

and that it is iaportant in tha fozvation of bona aa wall

am aaintaining tha nyalin of tha oantral nanrous aystan

(9)* Goppar is praaant in tha blood in at laast 4 diXfarant

fractions t 2 in tha sarua and 2 in tha arsrthrocytaa (10) •

Rad call eoppar content tends to be constant (11) • Tha

plasna copper, on the other hand, ehangea under a great

Tariety oX oiroumatanoea (11) • In aan, as nuah as 96% of

tha plasaa copper ia bound tightly to the alpha<»2«>globulin,

caruloplaaain (9t 10)* ^^ aaallar part oX the plaana

copper ia looaaly bound to albunin and is probably tha

aaans oX copper tranaport (11)* In the erythrocytea, copper

is present in a labile Xom and as a coaponent oX the

erythrocyte copper protein, erythrocuprein (10)* Tha aaouat

oX copper in the erythrooytea of copper deXicient piga is

reduced and the liXe apan oX theae erythrooytea in tha

circulation ia ahortened (12)* aehultsa 2i fll* (13)

sucsaatad that rapid continued heaiatopoieaia cannot take

place unlaaa the copper content oX the blood is Baiatainad

abora a ninisua larel* This level should be approxiaately

20 ;ag/100 al oX the blood of the pigs.
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In th« auuMlian body, eoppcr Aotlrattts or is a

eonstituttnt of suoh •nvfmmB mm urloasoy tjrrosln&sot

gltttathiono and C7tK>ohro>« oxidaaa* iiJiisyBiatio actlTlty of

urloaso appaara to bt related to the presesoa of copper in

the enaysa (14) • Urio aoid la oxldlaed by urieaae to

allantoln, whloh is an end product found in the urine of

asgr aaaaala but not in that of nan (15)* ^roainaae

re^iuirea copper for ita activity of oxidation of tyroaine

to nelanin (16)* Glutathione is the eoenayaa of glyoxalasa

which acts as a respiretoly carrier of oigrgen (15)* Thm

content of glutathione in the liTcrs of pigs was decreased

in copper deficiency and nomal in iron deficiency (17)

•

Cytochrone oxidaae is of general iatportance in cellular

oxidations* The reduoed form gives rise to water in its

capacity of reducing oxygen ao that the latter nay coabins

with hydrogen atons (1!^)* Copper is essential for the

function of oytochrose oxidase (17* 18)* In copper

deficient swine, the activity of cytochroae oxidase in tht

heart tissue was decreaaed 6 tines and in the liver 3 tines*

Schultse (19) found in experiments with rata a close

relation between the cytoohroae oxidaae activity of the

bone narrow and ita ability to fom heaoglobin and

erythrocytes*

Copper is found in the various tissues with the highest

aBK>unt in the liver (20)* When labeled copper was injected



ill rabbits, it was rapidly takan up by tha lirar and than

tinlj bound to a protain for storaga (21)* Goppar ia also

found in tha aplaan, auaolaa and bonaa* K4>at of tha

phjraiologioal ooppar ia ratumad to tha faoaa rla tha

biliary oireulation, but aoma urinary axcration occura as

iraU i22).

MlMSl Si SSSSSL 9& ISSA £j££fi&SiiiS* ^ eeppar

dafioiant awina, thara ara &avaral abnormalitiaa in tha

mataboliaa of iron (23* 24)* awina aada dafioiant in both

ooppar and iron ahowad no inoraasa in plasaa iron aftar

iron tharapy, but an inoraasa took plaea whan ooppar was

givan aa wall (9)« Thaaa obaarrationa indioatad that

ooppar farorad iron abaorption frwi tha g^'treintaatinal

tract* Coppar ia alao aaaantial in tha aobilisation of

iron froa tha tisauas and tha eonvaraion of inorganio iron

into haaoglobin (11, 23t 25)* Whan iron was adainiatarad

orally to aniaala dafioiant in both iron and ooppar, tha

iron was atorad in tha livar and othar tisauas and was not

tttilisad for haaoglobin aynthasis. If ooppar was than

adniniatarad, iron was rapidly aobilisad froa tha tiaauas

and oonTartad into haaoglobin*

ffttt^9Jilfy si iSSM* ^iM influanoa of ooppar en ir<w

aataboliaa io of intaraat aa iron playa a kay rola in tha

eat Tital prooaaaaa of tha aaxusalian body (26). Xha huaan

body nomally eontains 4-3 g iron (27). Cf this, 60-70^
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la pr«««nt In th« form of eiroulating h«aoglobin. Its aala

funetion is ths transport of ozygon to tho sltos lAsro it

is rs%uir«d« la tho susels this oxygon is aeooptod bj

anothor hoao protoin, ayoglobin (3*5% of total iron)* 3ono

of tho Bost important homo oontaining onsymos aro tho

oytochroBOS, catalaso, and poroxidaso. l^oglobin doliTors

its ox3rs«a furthor to tho ojtoohrono sjstos and othor

onorgj produoing sjstoxiis of tho ooll* Catalaso and

poroxidaso aro prosont in noarlj all tissuos* Xhoir oxaot

physiolosioal funotions aro not cloar* rrosu&ablj, thoy

sorvo to provont toxlo aeouxulation of poroxidos within tho

oolls (28).

Tho intestinal auoosal oolls oontain a protoin,

apoforritin, whioh ooxbinos with iron to form ferritin (28)*

Iron is takon up by the oolls irntil all apoforritin is

oonverted into ferritin* Ko more iron is absorbed until

tho ferritin has giren up some of its iron to plasma*

Absorbed iron passes through mucosal eoUs direotly into

tho blood stream, whore it forms a oomplox with a

bota-l«^lobulin* As suoh, the iron is transported to

arioiis parts of the body* Iron is stored ohiefly in the

2 forms ferritin and hemosiderin (26, 29)* The lirer

eontains the highest ooncentration and the greatest part

of the total storage iron* Tho spleen and the bone marrow

oontain considerable amounts also*

Interrelationship 2^ Ooppor and l£Os* Copper appears
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t« h&fm a d«pr«ssiiig 0rf«ot on iron storas* in tlio liTor

(30, 31, 52). In an oxporiaont with pigSf tho oone«intration

or eoppor in tho liYor inerttaaad oor2:>«aponding to an

inoraaaad ooppar intaka from tha diat (30)* Tha iron

oonoantration deoraaaad avan though tha intako of iron was

tha aaoa for all groupa. Wintroba §X il« (^^) ohaarrad in

iron dafioiant avina a 4-fold inoraaaa in tha ooppar oontant

of tha livar aa oonparad with tha normal, av«n though all

tha fiy<ii«ia wara fad tha aasa amount of diatary aeppar*

Thaaa findinga indioata that a rararsa ralationahip axiata

batwaan tha iron and ooppar oonoantration in the livar*

Tha lavala of ooppar found in tha aplaan vaa raportad

aa baing oonsidarably lowar than that in tha livar (31)

•

Tha ooppar oontant in tha aplaan waa inoraaaad whan tha

iron oontant in tha ration waa inoraaaad* On tha othar

hand, whan ooppar waa inoraaaad and tha iron laval r«aainad

at tha aama high laval, tha amount of ooppar in tha aplaan

did not ohaz^a*

Znfluanoa of Othar ?aatora on Coppar Mataboliam

^^na and Kolybdamim* Thw mataboliam and tha absorption

of ooppar from tha intaatlnal traot dapend upon numaroua

faotora in addition to tha diatargr oonoaotration of tha

matal* Ihaaa othar faotora baaoma aapaoially important

whan tha toxio laval of ooppar and tha intaraotiona of

aoppar with othar nutrianta ia conaidarad* In partiaular.
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dietary relationships sxist batifssn ooppar, siao« and

elybdanum (33t 3^)* '^io^o was noticed to oausa a daoraasa

in tha layal of livar ooppar (32) • whan pigs raeaivad 230

p]^ coppar with no addad lino* thay davalopad ajaptoas of

ooppar toxicity* Whan 100 ppn sino was addad to copper

supplasanted rations, there was an iuproTaaent in growth

rate* Suppleaonta of copper waa shown to overcoae an

anaaia caused \>j high levels of dietary sino (33)* la an

axpariaent with rata« ibolyhdaaua significantly daoreasad

the influence of the dietary copper upon 2a ^ uptake when

there woa an excess of copper in the diets (33)*

{9 The level of protein may be of iaportanoe

OB tha absorption of copper* Iha affeot of tha protein

level in the diet fed to rata was greater than the effect

exerted by the levela of sino with respect to a toxic level

of copper (33)* i^he action of protein appeared to be both

in the inteatinal tract and in the liver where there waa aa

increased elaiaatioa of copper as the concentration

•pproaohad a toxic level*

^IflyHtiUtt* Hooently, a non-biological

oaapound, ethylenedianinetetraacetio acid (^OTA), has been

atudied in experiaenta with absorption of trace aetala in

both plant and aniaal systoas* The suoceasful treataent of

a autritional diaorder on field grown citrus fruit with

iroa»iki)TA stiaulated great interest in the use of ohelatiac
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•C*otB for suppljlag m«t«la to plants (56). Jaeobsoa

published In 1951 (37) that tbo osaontial Iron oould bo

Baiataiaod in solution bjr uao of tbo orsanio ooaplox JbDTA*

Wbon ttsod an a doraant saaaon soil applieatlon, aa littla

aa 2 ouneoa of aotual iron in this organio form p^r traa

parfor&ad what 15 ounoas par troo had failad to do (38)

•

Osa of ohalatas of ooppar^ aine« and aanganaaa alao waa

roportcd (39* ^« ^1)«

£OCi la a whita oxjatallinot odorlaaa* and non-polaonotui

powdar (42). It is sparingly solubla in watar, inaolubla

in aaids azkl ooanon organio aolrants, but aolubla in siMWinis

solutions* iTha oonpound has ability to form ooaplaxas

•spacialljr with di- and triralsnt iona (42, 43).

Iqpsriaants with aninals usint £J)!Bi hsYS boon parforaad*

SSIA was uaad sueoaaafulljr in tha traatnant of Isad

poisoning and in r&dioaotivo natal poisoning (44, 45, 46)

•

Caloiun diaodiUB iilDTA ia tha fora noat ooaaonly usad (45)•
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tih^Jk oaloluB disodluB X.02A la ftdaljilatared to an anlaal in

laad poiaoningy laad raplaoaa oalolua In tha molaoula to

ror& laad dlaodiiim £DfSA baoauaa of tha graatar atability

of thia ooBplaz (45), Data from an axparinant with hunans

gara tha aana raault Indioatlne that caleiim diaodiun iuiXTA

adniniatration Inoraaaad tha laad axeration i^^)» Hh^

ooabination of laad in tha form of x:dTA oonplaz narkadlj

daoraaaaa tha toxicity of tha laad*

It ia known that in tha ani«al bodjr during abaorption

farrio (Fa***) iona boooM roduead to tha farroxia (fa**)

fora. l-latal iona vary in tha atability of ooaplaxaa for&ad

with £;dtA and in a daaoanding aoala fron atrong to waak

ohalataa. ^iJha ordar iat F***"^ ^ Ou**, ^**, 7a**, «n**,

Ott*, and Kg* (39)« iliarafora, in the body Cu** would taka

priority in tha ehalating agant« Patianta with naphrotio

ayndrosa ware found to excreta inoraaaad quantitiea of

copper and iron in the urino W)» A aix^la intrarenoua

in;}eotion of &,DTk raaulted in no appreciable inoreaae in

the excretion of oopper but waa aasoeiatad with a atrikinf

increase in the excretion of iron*

How x.Jik aota in the aninal body aa a chelating agent

during abaorption is not undaratood* In 1961 Sehanker j^ ^«
(48) atudied the effect of ii;07A on tha intaatinal abaorption

of aeTeral lipid inaoluble ooapounda* In the experinenta

with rata, the abaorption of 2 neutral iBolaciilaa, aannitol-1,6

(r^ and inulin G^*^^ waa laaa than 2% when adainiatared aloao



but with iiDTA th« absorption was 7-ll?fc« Kxaaa tnvaatigatora

•uggastad that iiOTA aa a ohalating agont Inoraaaad tha

aisaa of tha aaabraaa poraa« or by widaniiig tha apaoaa

batwaan tha apithalial aalla throiagh raaoval of oaloiua

iona in tha intaatinal wall.

£ff«ot0 of Cioppar 3upplaaant&tion

owina . Aa ooppar haa baan found to hava an

iafluanea on waight gain, numaroua Invaatieatora hava atudiad

tha •tf9Ct of supplamantal ooppar on tha baaal diat (49* 30

«

31, 32). Growing awina ahowad an iaprovad rata of gaiA

XroB high lavala of ooppar supplaiaantatlOB with aaylaua

growth rasponaa to ooppar sulfata baing obtainad at tha

0*1^ (230 ppa) laval* An iaprovamant in tha affioianoy of

food utilisation waa alao found which raaultad in raduetion

of total food conauaad from waaning to baoon wai^cht (49*

35* 3^^)* •^ith thia high laval, tha langth of tha pariod

of alow growth aftar waaning waa raduoad (33)*

^^IfltHili' 'Omt% is aaxkad indiridual variatioa

aaong piga in thair ability to tolarata high lavala of

diatary ooppar (56). Wallaoa jr| ^i. (57) raportad that

ooppar lavals of 250 pp« provad toxlo. In a group of 10

piga, all but 9 pigs ahowad algna of ooppar poiaoning. In

anothar axparimant, 1 out of 10 fad 250 ppa ooppar addad

to tha baaal ration diad and upon autopay axhlbitad aigaa
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of copper polsonlns (58). Tho uoo of eoppor oupplomtntatioa

it thus assooi&ted with somo dasgor of ooppor toxicity.

Tot, tho spooifio levol of diotary copper which aay bo

conBidorod toxic has not boon a aattor of coi^ploto agrooaont.

PROCEDOKB

In ordor to atudy tho offoct of diot on tho eoppor lorel

of llTor and spleen, pitiS* vera fed rations containing

arioiis aaoxmts of diotary copper, iron, and in some oases,

s chelating agent, i^ho data of ohemioal analyses porforood

on the liver and sploen saaplee wore used to ooapare the

effects produced by tho different diets*

AMplos £3caBined in the lijcpericont

||,H^w of tlv| ^r^itll- ^"^^ ^pa^PtBient of Ani«al

Husbandry raised tho piee used for this study. Barrows and

gilts (20 each), aToraging 16.^ kg uA representing Duroc,

inland China, and orossbrod Duroo-Ioland China were divided

into 5 lota so that sex and breed wore equally represented

in all lots. 1?he pigs wore penned with eelvanized wire.

Xho feed waa poliotod, the drinking wator softoned sad fed

fv choice in soparato woodon troughs, .these precautions

were taken to prevent ingestion of iron and copper by the

pigs froB sources other than the ration. The pigs wore fed

tho ration presented in table 1.

i -:

J V
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tAM£ 1.

fiatiomi Ftd

Lot Z| Control ration •/

£^rghiui enin (alio) 5$8«3 kg
SoybooB oil Boal 43,1 kg
Moat •erapo 22*7 kg
Alfalfa aoal 22*7 kg
lodisod salt 2*3 1^
Yitaain A 400000 lU
^•Coaplox vitaain (Korok 58-A) 0.2 kg
Aiirofao 1*8 • 1.8 b/ 2*3 kgm SO^.H^O 0*1 kg

Lot Hi Control ration plna 0*1% CaBa2^^^

Lot nil Control ration plus 0*5^ CaBa^^DfA

Lot IV I Lew iron and ooppor ration oonsisting of

Ground oom 306*2 kg
Driod akin milk 138.5 kg
Ground linoston* 2*3 kg
lodisod salt 2.3 kg
Vitanin A 400000 lU
B->OoBplax vitanin (Karok ^&-A) 0.2 kg
Aurofao 1*8 - 1*8 b/ 2*3 kg
tm aO^^.H^O 0*1 kg
CkNUtains 20 ppsi iron and 5 PP* ooppor

Let ?i Control ration plus roi>0|. to asko 1311 pp«
iron of ration and Ctt^« to make 118 pps
ooppor of ration

•/ Contains 88 ppa iron and 15 ppa ooppor

^ b/ Co«ioroi«l aurooigroin and vitanin B^^
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^TtTftBfi- Aniaals ytmv iadlvidualljr taktn off fe^d

«t 91 kg lir« iMight and slaughterfid after holding for 24

hotira* Hamoglobin laval i«a« datarsinad on blood takan at

•lattglitar* Ilia livara and aplaana wara raaovad with a

atainlaaa ataal knifa, waighad and aaotionad on a voodan

tahla top to avoid eontaiLination froB natala* Tha livar

naa pXaead on tha tabla« gall hladdar aida up with tha

diatal anda of tha lobaa toward tha saat euttar* Tha lobaa

wara daaignatad 1, 2« aad 3 fro« laft to right aa ahown in

figura !• A 1 am alioa waa ranorad longitudinally from tha

eantar of aaoh livar loba* ?ren aach aplaan a 1 ca alioa

waa out longitudinalljrt aroiding tha aidlina and adharixig

tiaauaa* Tha aanplaa wara wrappad indiYidually in aluminum

foil» labalad with tha pig nunbar, iwMdiatalj frosan en a

Plata fraasar at •»25** C. and than atorad at -12** to -16* C«

until uaad*

Rathod of Analyaia

fnni aaoh animal 4 aamplaa (tha lirar lobaa 1, 2* and

5 and tha aplaan) wara analyxad* oalaotion of tha ordav

in whioh tha aamplaa wara analysed waa aocosq^liahad by

uaing a tabla of random numbara*

ffBBrHf Waighta . A 2x2 om^ of glaaaina p»p9r waa

waighad for aaoh of tha 4 qq^j^t atandard8« 4 raagant

blanks t 1 rafaranea blank and 6 samples to ba uaad for aaeh
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Pig. 1. Diagram of the pig liver showing the order in

which the lobes were designated as 1, 2 and 3. a. Left

lateral lobe, lobe 1; b.,c. Left and right central lobes

respectively, lobe 2; d. Right lateral lobe, lobe 3;

e. Caudate lobe, not tested; f. Gall bladder.
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•««pi«* fh« 6 ssaples ymr^ cut from a frosta liT«r Xob«

or •?!••& at r&ndoB to allow as uxtblaaad and as eoaplato a

saapllBK of tha organ aa poaalbla. ^eh aaapla (batwaaa

0*11-0«16 g) waa plaoad on tha pravioualy walghad aquara

•f glaaaiaa i>apar ajod walghad uaing an alaotrle anal/tleal

toalaaoa*

' ffltflttUt ifatJTfftl- ^^^ aai^laai blanka and ataadarda

MfV sxibjactad to a w«t aah digaatlon procaaa and analysad

Xor eoppar by a aodlTioation oJt tha aathod daaorlbad by

Rlea and Grogan (60) for spaotrophotosatrio daterainatloa

of ooppar ualng ex&ljldihydrasida*

1* JUgaation* Ona Alllllitar ot 2 ym ooppar standard

waa addad to aaoh of 4 oalibrated ^2 x 200 am taat tubaa*

Ona alllilitar of daioniaad dlatillad vatar waa addad to

tha tubaa daaigaatad aa blanks aM to thoaa eontaining tha

valshad tiaaua aaaplaa* On^ alllilitar of oonoantratad

aulfiirio aeid follovad by 1 al of parohlorie aoid trara

pipattad into aaoh tuba* Th(t tubas wars plaoad in a

aandbath and haatad* whan tha aolution waa elaar (23^3

hours)* tha tubaa wtr^ raaovad| aoTarad with plaatio ^'ila

amU allowad to oool*

2* Titration* Dba strongly aoid aolution waa dilutad

with 2 al of daioniaad diatillad watar, allowad to oool for

a short whila and thaa a pinoh of oitrio aoid orystals and

a 2 aa"" of Oongo rod indicator papar wara addad to aaeh tuba*
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A piaoh of diaodiua £0X4 was added to tho tubo uaod aui a

rofoi^oneo blaxJc* Kaoh tubo was titratod to the rod of

Omco rod Indicator paper using aauonixiB hjrdroxldo solutloa

saturated with ozaljldihydrasldo* '£hoa« an additional 2 al

of this solution was added*

5« Color production and determination of abaorbanoies*

One*-half aillillter of a 30% eold aoetaldehyde solution was

added and the resulting solution was diluted trith deionised

distilled water to a 1> al voluae and aixed. The tubes

were allowed to stand at rooa teaperature for at least 30

ainutes* Using a ware length of ^2 au, the optical

dsasities for each of the reagent blax:ks, copper standardSf

and the unknowns were read against the blank containing

£DTA, A Beckaaa W spectrophotoaeter with 1 ca silica

absorption cells was used* Xhe color is stable for at

least several hours (60)*

ffiiittTWBOT al ^ai^aSXfiSft* <^ith the exception of

pipettes and burettea, glassware was washed wi«h determent

and water, rinaed 9 tiaes with tap water, rinsed 9 tiaea

with deionised distilled water and inverted on a clean

paper towel* The glassware was covered with linen towels

while drying and then each tube .was covered with plastic

flla to protect froa oontaaination* After use, the

pipettes and burettes were rinsed with tap water, and

placed in potassiua diohroaate cleaalag solution for a few
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hours or overnight. Thoy wrt r««ov«d, rinsod 9 tia«« with

tagp w&t9r, 9 tii&os with dolonisod distilled water^ and

plaood tip down on eloan linen tow«ls« a llnon towol was

iui«d to protect thoat from contaaination aa th«y wora allowaA

to dry.

Oalaulation. Tho followine foresula was usad for

oalculating tha ijuantity of copper per graa of pork liver

or spleen

t

[^'t'^ 'if \\Wm9^ " »**° ^*^' Q^ blank)

i^an CD. of standard » »esJB P.P. of bJ^anX . ^g tissue
saaple weit^ht (g)

Statistical Analysis

All data were subjected to analysis of variance and

least significant differences were oaloulated when

appropriate, xlie snalyses used weret

Source of variation 0/f

Liven
Lots 4
Lobes 2
Aniaals in the sane lot 32
Lots X lobes »- lobes x
anisals in the sa&e lot 72

Saaples ^1^
Total 66$

Spleen

t

Lots 4
Aaiaals in the saae lot 52
Ssaples 185

^otal 221
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MsemsB AfiD oiacussioi

LiT«r Copp«r L«T«X«

Th« r««ults of th« dhaaioAl d«t«rAlnation of liT«r

oopp«r Bf pr«s«Qt«d la tabl* 2« Th« av«v«LS« oepp«r 1«t«I

round la tho liYor of pigs Tod tbo control ration. Lot X,

was 13«6 MS/s* Coppor ooaoontration in tha livars of tht

low eoppor and iron group. Lot ZV, was 7*2 ;ae/g and Tariod

•ignifioaatly (P<0«05) from tha oontrol group. Lot !•

Kilk rations or low ooppor and iron rations wara shown to

produea anaaia in aniaals as aarly as 1923 bj Uart 2^ gj^*

(1, 2, 3« ^t $)• ^^ eoppar IotoI in tha livars of pigs

oa tha ration with high eoppar and iron, Let T, was 9*0

;ag/g, and was not signifioantlj diffarant froa Lot Z*

^s larel of ooppar and iron in tha ration was raportsA

to influanoa tha ooppar and iron lavals in tha livars

(30, 51, 32)* Whan supplaaantal eoppar (118 ppa) and iroa

(1311 ppa) vera added to tha ration at a ratio of lill,

lot V, tha lirar eoppar laral was daeraaaad but not

sigzxifieantly over that of tha laral found on tha oontrol

ration. Lot Z* Tha ratio of ooppar (13 ppa) and iron

(88 ppa) in tha oontrol ration was li6« In another study

with pigs (31) with eoppar (66 ppa) and iroa (661 ppa) at

lilO ratio, tha liver ooppar loTel was aiailar to tha lirer

eopper level of the oontrol ration* I!he oontrol ration ia

both studies was identioal. ^rha higher aaouat of eopper
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and Iron in th« pr«s«nt utudj eoold &ooouat for th« depressed

ooppsr I«T«l8 in ths lirsrs of Lot V oTsr that of lot I and

the difforonoos in the results froa the two ejqperiBsnts*

When the eepper to iron ratio was li44« the oopper level in

the liver was vezj highly signifioantly lower from th&t of

the control ration (51)* "Hie aaounts fed were oopper 15 ppa

sad iron 661 ppa. The very low level of oopper in the

liver was reported as a result of the istbalanoe of oopper

to iron in the ration.

The highest aaount of oopper, 17*0 ps/St «i^ found in

the liver of pigs with 0*5S)^ £Wik added to the control ration,

lot III, table 2* In oomparing this level with the oopper

ooncentration in the low copper and iron ration. Lot IV,

and the high copper and iron ration. Lot ?, the differenees

were significant (P<0«05)* %e oopper level fros Lot III,

0*5% aOXA, was not significantly different free Lot II,

0.1^ i^DTA^ or that for Lot I, the control ration. The

addition of 0«19( JsU)TA to the control ration. Lot II,

resulted in a oopper level of 13.2 )ie/s efid was sisnificantly

different only froa the low copper and iron ration. Lot IV.

She level of oopper in the livers of Lot I and II were

similar, which indioates that k,QTk at the 0.1% level has ae

effect on copper absorption or its aetabolisa in the liver

or both*

It is icnown that in the animal body ferric iron (fe"*^**)

is reduced to ferrous iron (Fe**) during absorption (39)#
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Thmn aoGordizxg to th« ofa«lating 8eh«ia«, ouprie copper

(Ctt^^) would bo proforontiallj oomploxod with i^OSA and thus

bo f&Torod in tho absorption proeoss. As ooppor waa

Oholatod bj £])TA« Lot III, booauso ol a proXorontial Taloneo

atato« the aaount of eoppor abaorbad waa graatly inoroaaod

aa indioatod by tho bigk X«Yol of ooppor in tbo Xivar and

whioh ooiild cauao a dooroaao in liYor iron resulting ia

anoaia (60) • An invorao ralationahip ia reported to exiat

between copper and iron (30«51t32)« As the stetalt ooppor

or iron« waa inereaaed in the ration, the other aetalt

ooppor or iron, deereaaed in the liver* ^mother possibility

is that onoe £OXA is aoaorbed into the body, it can eonplex

with iron and increaae ita exoretion* iliia would have

support in that 2 anisals died in hot III (60) • th^ cause

of death was reported as anoaia and pneuwmia* In an

experiaent with huaans, having nephrotic ayndroae, an

infection of j^DXA reaulted in an inereaaed iron excretion

and an increased copper retention (47)* i.DTA was injected

into huaans and aniaals in the treatment of lead poiaoning

(45, ^, 4^)« £he lead ooaplexed with EDIA and was excreted.

Variation Aaeas Liver Lobes

Hie copper concentration was lower in Lobe 1 than in

lobe 2 or 5 in each lot except Lot V, table 2* When

correction for aniaal variation waa aade, no significant

difference was found between the copper levels in the 5 lobes

«



Th«r«ror«, copp«r la stored fairly tran la tba Xivar*

Splaan Ooppar lavaXa

Sha eeppar lavala found in tha aplaana ^mrm ooxuiidarably

Xovar than tha laTala foimd in tha liTara, tabla 3* ^t

aplaan coppar laval of piga on tha control ration, Lot I«

vaa 1«5 >ie/g* Theaa piga on tha lowaat ooppar and iron

ration. Lot ZV, had a ooppar laTal of 1*4 ^is/g, and thoaa

piga on tha highaat ooppar and iron intaka. Lot V, l*^ MCS/S*

Tha diffaranoaa batwaan thaaa lavala wara not aignifioant*

Naithar waa tha laral in tha aplaana of thoaa piga that had

0»m aDTA addad to tha oontrol ration. Lot ZI, (1«6 >ig/8)

aisnifioantly diffarant from Lota Z, Z? and V. With 0.^

£!}TA addad to tha oontrol ration. Lot ZZZ, tha ooppar

oonoantration in tha aplaaa waa lowarad* Tha aaount found

waa 1*0 jos/g and rariad aignifie&ntlj (P<0*0^) from tha

larala of aplaan ooppar found in piga fad tha othar rations*

With a daoraaaa or inoraaaa of coppar and iron in tha

ration. Lot ZV and Lot V, tha aaount of coppar found in tha

•plaan did not diffar from that of tha oontrol ration*

Thia ia in oontraat to anothar atudy with piga (31)* Tlui

addition of iron only to tha oontrol ration oauaad a vary

highly aignifioant inoraaaa in tha aplaan coppar oonoantration*

19ia ratio of ooppar to iron waa lt44 and waa oonaidarad to

ba imbalancad* Kowavar, tha aplaan coppar lairal waa not

inoraaaad furthar whan both ooppar and iron wara addad to
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th« oontrol ration* Th« ratio ot ooppor to iron was ItXO

(5X)» Th«r« was no offtot of 0*1^ SOTA, Lot IZ, on spXoon

eoppar aa ooaparad to tha control. Lot I, tabla 3* ^*

daoraaaad splaan ooppar lavaX in Lot III ia praauaabXy

cauaad tj tha addition of 0*^)6 £DS4. to the eontroX ration*

Tlxa dapraaaing affaot of tha high aaount of SJ31A on th«

ooppar XavaX in tha apXaan aay intarfara with ha&ogXohin

oataboXiaA and ha a contributing faotor to tha anaaia in

tha pigs which died*

Xdrar and SpXaan Ck>ppar LavaXs

Whsn Xew ooppar and iron ara fad« Lot IV, tha eoppar

l9r9l in tha Xiver is daoraasad, t&bla 2, but ranainad tha

•ana as tha control group in tha apXaan, tabXa 3* Tha

addition of ooppar and iron to tha control ration. Lot Y,

had a dapraasing inataad of an alarating affaot on tha Xirar

eoppar XavaX but did not infXuanoa tha apXaan ooppar XaraX*

Tha ratioa of ooppar to iron ara tiuita cXoaa togathar,

Lot I, Xt6{ Lot IV, Xt4| and Lot V, XtXXt but tha anount

of tha netaXa in tha rationa in ppa ara quite different.

Lot I, X^tSSt Lot IV, ^i20t and Lot V, XX6iX3XX* fhe

reauXta from Lot XT and Lot V auggeat that the Xiver oopper

XavaX z90m» to be sore aenaitive to the aaount of ooppev

and iron in tha ration conpared with the apXaen oopper

XeveX*

With 0*X^ i^D2A added to the control ration. Lot II,
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th«r« was no •ff«ot on the oopp«r lereX either i& the liver

or in the spleen ae oompared with the control group « Lot I*

The greateet Tarianoe on the copper oonoentration waa

ehaerred with 0*^ &VIA added to the oontrol ration* Lot

III* The level of liver copper waa algnifioantly inoreased

(P<0«0$) hut the level of apleen oopper waa signifieantly

deoreased (P^O.O^)* Under the influenee of the non-hiologioal

auhatanoe, EVTXf the aaount of copper in the liver, the main

storage depot, was inoreased. The oopper ooncentratioa

probabl/ reached a toxie level in the liver as 2 aniaals

died in Lot III* The deereased oopper level in the spleen

in Lot III would indicate that oopper was ooffiplexed with

EOTA and that lesa oopper was available for the rest of the

hesMitopoietio systea includixig the spleen, .inenia waa

reported as the cause of death of 2 pigs in lot III.

Another possibility is that £i)TA could interfere with the

henoglobin o&tabolisa in the spleen as indicated by the low

oopper oonoentration found.

AftlMLl Variation
!

The variation of the copper levels in the liver lobes

and the spleens of the aniials fed the saae diet was very

highly signifioant (P<0.001). It is shown by the high

and low aean values for copper recorded for the liver lobes

and the spleens in eaoh lot (table 4) and for individual

sniaals (Appendix, table ?)• i^e fact that these pigs were
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Dupoo« Poland China and orossbrad Duroo-i^land CMna and

includad both aaxaa could aoeount for soaa of tha yarlatian

aaong tha aniaala*

smiiuar

Fort/ plga raprasantlcg i^urooi Foland China and

oroaabrad DuroooFoland China ttara diiridad into 5 lota at

waaning tiaa* Lot I waa fad a control r«tion eontaininc

1$ ppa ooppar and 88 ppm iron. A chalating agant» iuDTA«

vaa addad to Lot II at tha laral of O.l^ and to Lot III

at tha lairal of 0*^>b, both of which also oont&inad 15 ppa

ooppar and 88 ppn iron* lot 17 waa tha low coppar and

iron ration and oontainad 3 PPA coppar and 20 ppa iron*

To Lot V 118 ppa ooppar and 1311 ppm iron wara addad* At

tha waight of 91 kg tha piga wara alaughtarad and aamplaa

ranovad from aach of tha 3 livar lobaa and tha aplaan for

coppar analyaia*

Sha ooppar laval in tha livara in Lot V waa daoraaaad

aa eoffiparad with Lot I but tha diffaranea waa not aignifioant*

Tha lowarad coppar laval could ba tha raault of tha

4«pvoaaing affact of tha high aaounts of coppar and iron

addad to Lot V* Coppar concantr&tion in tha lirara in Lot

IV, tha Bilk ration or low coppar and iron ration, waa atill

lowor than that of Lot V and Tariad aignificantly fros tha

laval of ooppar foimd in tha livara of piga in Lot I. Tha

addition of O^^"^ EJDTA to tha control ration gava tha hlghaat
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leral of oopp«r found In th« livers and was signifioantly

different froa Jx>t IV and Lot V, but not from Lot Z and

Lot IZ* With 0*1% JbBfi added to the control ration. Lot II

gsre only signifioant difference oo^pared with the low

oopper and iron ration. Lot IV* The level of copper found

in the spleen was considerably lower then the aaount found

in the liver. Ihe addition of 0»3i^ SDZA to the diet lowersd

the oopper concentration aignifioantly over the levels of

oopper in spleens on other rations. The other rations did

not have any significant effect on the oopper levels in the

spleen.

A wide variation of copper concentration of both livsr

sad spleen was observed aiaong the aniaals throughout the

experiaent. This could account for the differences in

bvt«d and sex of the pigs, when correction for anissl

variation was aade, no difference was found between the

copper levels in the ^ liver lobes.
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TAB

Feedlot and carcass

nitober Breed Sex^ Initial
weight

Slaughter
weight

lb lb

hsll
80 Poland a 5* 204

81 Duroo 40 211

82 Duroo B 35 209

83 Poland B 31 202

84 Duroo 52 207

85 X-bred B 58 210

8C X-bred • 35 143

Average

i

38 198

Peed efficiency! 3.^ lb feed/lb gain

iSlU
86 Duroe « 56 217

89 Poland 65 202

90 X-bred 48 203

91 Duroo B 33 200

92 Poland 29 209

93 Duroo B 35 201

9* Poland B 25 210

95 X-bred B 33 208

Average

i

41 205

Feed efficiency t 3.25 lb feed/lb gain

^a. gilts ) B, barrows

«
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IS 5

data for vach anifflal

^AT«rag«
Llv«r Spleen

dally weight weight Hemoglobin

g g ^

1.40 1410.5 1^X«5 16.8

1.60 1442.6 92.8 14.9

1.63 13*8.4 67.4 11.6

1.50 1674.2 107.8 14.6

1.29 1411.0 117.6 15«7

1.10 1589.6 82.5 15.5

0.66 982.9 85.4 15.2

1.36 1408.5 99.3 14.6

1.73 1161.7 95.0

1.20 1427.4 131.0

1.28 1399.4 133.6

1.38 1332.5 119.7

1.41 2032.4 154.5

1.17 1259.5 106.3

1.30 1886.0 121.4

1.12 1401.4 83.9

1.33 1487.5 118.2

12.1

9.7

11.9

12.8

11.6

9.8

U.8

11.4



TABLE 5

AaIhaI
BUBlt>«r

Br«*d S^ Initial
wsight

Slaughter
wolght

lb lb

IslUl
96 Duroo 52 198

97 Poland 61 201

98 Poland 45 202

99 Duroo 32 212

100 X-bred 36 200

101 X-bred 9 /K) 201

Avorage

:

44 202

I«od efficiencyi 3«57 It feod/lb gain

2d^ IV

10^ Duioo ft 38 204

105 Poland 49 205

106 Duroo 41 200

107 i-bred 43 200

106 Poland 48 204

109 X-br«d 31 211

110 Duroo 'K) 210

lU Poland 40 204

ATvragv) 41 20$

Feed effici«ncyj 2.87 lb f«od/lb gain

^«. gilts { B, barrows.
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(cont'd.)

Average
daily
Kain

Liver
weight

Spleen
weight Hemoglobin

Ih g g %

1.28 1289.5 96.0 8.4

1.16 1673.5 140.7 10.5

1.23 1684.0 159.0 11.4

1.27 1472.2 124.7 10.6

1.05 1556.3 104.2 9.9

0.99 1587.0 182.8 9.6

1.16 1543.8 134.6 10.1

1.78 1117.4 119.2 16.3

1.68 1370.7 154.2 17.7

1.71 1310.0 89.1 15.8

1.57 1661.2 102.4 12.0

1.36 1919.5 168.3 13.0

1.49 1694.3 127.1 16.6

1.26 161?.

1

117.7 12.3

1.21 1408.0 168.9 16.1

1.51 1308.6 130.9 15.0



TABLE $

Axdmal
number Breed Sex^ Initial

weight
Slaxighter
weight

112 Poland

lb

65

lb

208

113 Duroo 56 203

114 Duroo 3* 204

115 Poland 32 206

ne Duroo 29 208

117 X-bred 35 202

118 Poland 33 207

119 X-bred 40 215

v«rag« 40 206

Feed effloiencyi 3*22 lb feed/lb gain

6, gilts ( B, barrows I



(eonol*

)

Arorag*
dally

Uvar
weight

Spl««B
weight BMMslobin

S 6 %

ue^ 15*5.1 123.7 17.8

1.58 1356.0 81.2 15.3

X.70 1111.0 71.9 16.6

1.69 1568.9 13^.8 -

1.67 138^.1 82«9 16.0

1.56 1290.9 99.2 19.2

1.53 1563.9 120.8 16.0

l.*5 1496.0 107.2 17.0

1.62 1387.0 102.7 16.8



ffftl

Eang«s azid mmum of copptr in Bicrograwi for th« llTtrlobtt

liver

Ajolaal Iob« 1 Lobe 2
nuBber Ra&g« ll«aa ^iango Mean

W 1^ m Jim

l£t%I
80 2.1- 6.0 4.2 0.3- 6.5 3.1

81 9,8.12.7 11.0 11.2-17.4 14.0

82 13.3-19.2 16.5 21.9-26.2 23.8

83 6.5- 8.5 7.6 7.1- 9.9 8.7

8<^ 15.5-21.7 17.4 22.0-31.6 26.0

85 7.0-11.2 6.6 9.0-11.2 10.2

66 12.0-19.7 15.2 11.0-27.1 17.8

ism
88 9.6-12.7 11.2 9.5-13.3 11.1

89 16.6-31.6 2'^.1 19.5-29.6 24.0

90 10.1-21.8 17.5 13.9-16.6 15.3

91 6.8-10.2 7.8 7.6- 9.1 6.2

92 6.6- 8.1 7.a 6.5- 9.0 7.7

93 9.1-11.2 10.3 10.6-12.6 11.3

94 10.7-17.0 12.6 13.2-17.7 15.2

95 9.5-11.6 10.4 10.3-12.2 11.2

lot Ii;

96 13.2-18.1 15.3 13.7-29.7 19.1

97 8.0-U.9 10.3 9.9-14.5 12.1

98 13.4-22.6 18.1 28.5-32.4 30.8

99 14.9-19.7 18.1 20.5-26.7 23.7



IE e

and tha aplaan of indirldual plge fad varying rationa.

Si>laa2kLoba 5
Grand

aaan
Hanga Kaan iianga ^laaa

W n m Mf }^

5.5- 5.6 4.6 4.0 0.5-1.4 0.9

2.9-25.1 12.1 12.4 0.9-3.4 2.0

16«4*2X.O 18.5 19.6 0.5-2.5 1.2

6.5-11.5 9.5 8.5 -1.7-2.5 1.1

24.5-55.9 29.9 24.4 0.8-2.7 1.9

7.1- 9.1 6.5 9.0 1.1-3.9 1.9

15.7-21.6 19.2 17.4 1.1-2.4 1.8

10.5-14.5 12.0 11.4 0.0-4.5 2.1

26.0-55.^ 50.5 26.2 -0.5-0.6 0.2

12.0-18.9 15.2 15.9 0.7-2.0 1.6

9.1-10.9 9.8 8.6 5.5-4.7 5.8

6.7-10.9 8.6 7.8 1.4-3.0 2.5

9.0-11.6 10.9 10.8 0.6-2.6 1.9

10.2-14.8 12.7 15.5 0.6-1.8 1.1

8.6-11.8 9.8 10.5 -0.5-1.0 0.2

9.9-15.5 11.5 15.5 0.4-1.5 0.7

11.7-21.5 16.8 15.1 0.6-1.9 1.5

22.0-26.5 24.5 24.4 0.0-1.4 0.7

16.9-22.2 19.1 20.5 0.9-2.2 1.6



IABL& 6

Liver

Aalmal Lob3
2r

lobe 2
number

daXL^n I.ean ^iange Mean

HE )« V€ )»«

i^Ul (cont'd)

100 12.8-14.5 13.6 14.3-18.0 16.6

lOX 11.1-17.2 1^.8 1?. 1-16.8 14.6

I^U
104 4.2- 6.4 5.0 7.3- 9.4 e.7

105 6.1-11.7 8.2 5.5- 6.2 6.0

106 6.6-10.5 9.0 10.8-13.8 12.2

107 5.1- 6.8 6.0 5.3- 6.1 5.a

108 3.5- 6.4 5.1 5.5- 6.8 6.2

109 4.8-10.6 6.6 5.2- 6.7 6*5

110 6.1-10.2 6.1 6.0- 8.2 7.3

111 5.7- 9.6 7*^ 6.9-11.2 9.1

ki^l
U2 5.8- 8.9 7.7 6.8- 9.8 7.6

11^ 4.7- 7.5 6.1 3.4- 5.3 4.5

114 8.4-11.1 9.4 4.3- 5.8 5.2

115 5.9- 9.1 7.5 4.7- 6.2 5.5

116 7.5- 5.1 8.3 9.3- 9.9 9.7

U7 15.9-18.9 17.0 9.7-19.7 14.8

116 6.0- 7.5 6.6 6.3-10.3 7.6

119 8.7-10.1 9.2 13.0-19.2 15.1
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(ooncl*)

Liv«r
Sd1««iLobe 5

GranA

a*an
.i&nise ^i«an Hang* l-.«aa

n >« ug m U€

12, 2-17.1 15.2 15.2 0.0-1.7 0.7

10.4-16.4 12.9 13.8 0.2-2.5 1.3

4.>. 7.5 6.1 6.6 0.5-2.8 1.2

6.6- 7.6 7.0 7.1 ^.>2.6 0.8

8.8-11.5 9.8 10.3 0.9-5.1 1.9

3.9- 7.8 6.6 6.1 0.6-5.0 1.9

5.5- 7.1 6.5 5.9 0.5-2.9 1.6

4.e- 9.0 6.5 6.4 l.C-1.9 1.3

5.9- 7.9 6.8 7.* 0.5-2.1 1.2

5.4-10.6 7.6 8.0 0.6-1.9 1.3

6.7- 9.2 7.7 7.7 l.S-4.1 3.0

7.6- 9.4 8.7 6.4 0.3-2.5 1.5

7.J-10.7 9.2 7.9 0.3-2.3 1.0

5.4- 8.8 7.2 6.7 1.2-1.5 1.4

9.J-U.1 9.8 9.3 1.1-2.0 1.3

12.6-17.3 . 15.3 15.7 0.0-3.5 1.5

8.4-10.9 9.8 8.0 1.2-2.1 1.7

8.2-12.1 10.5 11.6 -0.5-2.5 1.7

-
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ABSTRACT

Th« r«lmtlon8hips between eopper, iron and attajlentdia-

Bin«totraacetat« (EDTA) on the parformance on pigs vara

atudiad* forty pigs rapreaanting Duroc« Poland China, and

oroasbrad Duroc-Poland China wara dlvidad into ^ lots at

waaning tiae. Lot I waa fad a control ration containing

15 pp» ooppar and 88 ppm iron* Tha ratio of ooppar to iron

vaa Xi6 and waa tha aama for Lot II and Lot III. A chalat-

ing agent, iSDTA, vaa added to Lot II at the leral of 0.1^

and to Lot III at the level of 0«5%* I«t 17 waa tha low

eopper and iron ration and contained 3 PP> oopper and 20

ppm iron (ratio lt4). To Lot V, 118 pp& oopper and 1311

pp« iron wara added (ratio It 11). At the weight of 91 kg,

the piga ware slaughtered and samplea renoved from each of

the 5 liyer lobes and the spleen for copper analyais. Tha

saaples ware digested by wet ash and analyzed for copper

content by a modified method of iU.ce and Grogan (I960)*

The copper level in the livers in Lot V was dacreaaad

aa compared with Lot I but the difference was not significant.

The lowered copper level could be the reault of the depress-

ing effect of the high amounta of copper and iron added to

Lot V* Copper concentration in the livers in Lot IV, tha

milk ration or low copper and iron ration, was atill lower

than that of Lot V and varied significantly from the level

of eopper found in the livers of pigs in Lot I* The addi-

tion of 0*5% -BDTA to the control ration gave the highest
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loTdl of eopper found in the livers and waa significantly

different from Lot IV and Lot V, but not froa Lot I and

Lot IZ« With 0*1% ElSfk added to the control ration. Lot II

gaye only algnificant difference compared with the low

oopper and iron ration, Lot 17. The level of copper found

is the spleen was considerably lower than the aaount found

in the liver. The addition of 0,5% i^MIA to the diet lowered

the copper concentration significantly over the levels of

eopper in spleens on other rations* The other rations did

not have any significant effect on the copper levels in the

spleen*

k wide variation of copper concentration of both liver

and spleen wab observed among the animals throughout the

experiment* This could accoimt for the differences in

breed and sex of the pigs* When correction for animal

variation was made, no difference was found between the

copper levels in the 3 liver lobes*


