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J”lafts and anlmals, partlcularly sheep. The remainin ﬁMn“

‘ comprise the experimental work undertaken and e concerne& respeotively

with factors affecting copper uptake by herbage;

o_pper absorptlon by aheep

at pastura, cop;ef ‘bsorption by housed sheep and finally oopper exoretl”

1;Th; effeats of‘an exeeasiv ;intake of copper by sheep have also been studiev{

*Z?The diacussions of andilhe conclusions drawn from the experimental work

-describea in eaoh aeotxon are included at the end of the relevant seotion.f




SEOTTON I

1) A revieaw oi‘ +the 1itemmre goncern g: ccmner matabolmm in plants and, -

animals w1th apeeial reforence to previeus wor gertaining to factcrs

ggfeatlng conper ahsggptlon.

" (a) Goppér c;)hqentmtion in ;:erbaiga. |

(b) Copper metabolism in .mimalé.

(e) : Copper sbsorption and utilization.

(a) Copper excretion. o L
, ] (e) Control of copper deficieney in ammals. [
o {£) Cajp}ger poisoning in sheep. -

(g) Copper status of housed sheep.

ii) Ohemical Methods,

. 2‘..;_?:
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© different treaﬁments ware:»?

SRR .“Yéllow ﬁattle 13 o

5_.f3~‘..f S mhe herba .and weeds Ware much rlcher in copper than these paorer ‘;,ﬁi.;'

agrlcultural gramses.
Thmmas, Thompscn, Oyenuga aﬂa Armatrong (19;2) grew a variety of. herbage*

: plants under 1d@nﬁloa1 conditiona and aampled them individualzy at ive growth




1Table 1.' Conoentration of.bo ar> 

fGrassés.-,ffV

?erennial Byegrass o
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N Tlmothy :
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R ;;Meadow Fescue
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o Herhs are faund to enntain moxa eoppar than exthar graases or legumea.
”,jAn intarasbxng fe&ture of the graases was the wxde variatiOn 1n ﬁhe copper-'

- aoncentration of the four types ai feaaue.»f

Firch@essner (1965) has also conflrmed ‘“that graaﬁes generally aontaan
1ess copper than clov@@gwhzeh in turn are appreciahly Tower in coppar than
- “herbs. The mean values xecor&ed for 50 dlffereﬂt species weres~ ‘Qrasseq,7.§;

cz.mgé;;?,@,a.s and. bexbs, 1.7 p‘ﬂ.p.m.eu.

In erder to gamn further information- on the value of herbs EOI raxsing the

~ copper eoncentratian of pasture Thomas, Rogerson. and Armstrong (1956) laid down

S - number af plats contamning a combina%inn of chioory, plantain, yarrowy sainfo

and hurnnt at feuv dlfferanﬁ aead rateg alcng wlth emckle P&rk type. ﬂeed mixtuz
Thé herbs formad 0, Ty 14 and 219 of the total award. The mean ‘copper Sl
cancentrationa of rive separate outs during the growing geason were 8. 1. 8. 7,
10 7 and 10. 6 De p.m. reapeotlvely. Same practical lnerease in the copper
‘oontent of the awaxd 88 8 whole waa, therefore, obtazned bui this was only -

achiaved at the expense af pasture nﬂeduct1v1ty.

' Adana ané‘Elphick (19)6) in New 5aaland recorded hlgher Ou conoentﬁationa.
(18 - 20 Do p.m.) in such weeds as plantaln. danaelian and cataear than in’

clover (7~ 14 p Pelita ). ﬁependlng on saasonal ohangea.

Hemlngway (1962) in & lang term experimant where fnur aamples of out herbc
vere chtalned in each of three growing peasons; found that mlover (about 12 pex
contained more copper than grass (nbout 8 p.p.m.). Fleming (1965) repertedathﬁ
“red and.white clover (9 - 10 p. .m.) generally oontained mowe: capper than grass

auﬁh/




if'?tsuch as ooeksfoot, tlmothy, rouah stalked meadow grass and perennlal ryegrass

~',(4 - 8 p p m.) This. however, dapended on the stage of grcwth of tho gramses.

"f;and the copper content of the so;l.‘ Z;"

Hi*bchell. Reith and Johnston (1957a) obtainea nmw samples of ryegraas =

end’ clover from a wlde varlety of 9011 types durlng the month of June of threef

"‘flr;successive yeara - 19)3, 54 @nd 55 The copper concentration of,the ryegrass :

”‘{ranged from 2. O - 4 3 p p.m. (mean, 3.2 p p.m.) while the “Gu concentratlona

.qff‘of ﬁhe clover samples xunged from 1. 9 L 12 3 P P-m- (mﬁ&ns 7 T Pe P-m-)rl The

S mean copper concentration of the clover was con81stently higher than that of

'*:*ﬂfound that where 8011 eoppar 1evels were lown

”ff‘the ryegrass 1n each of the three years. In another experxment, however,vthqy:

_grasses contained more 00pper

o ‘than clover, the _reverse was tha case when SOll copper was abundant.‘

ﬂ_b) Ff?ect of Stoge of Growth

. Thomas, Escrlht and ”rlnder (1945) found 11ttle seasonal ohange in’ the

'fjcopper concentratlon of heather.a Samples obtalned between~June and-Octobgr

';~iranged from 11 9 - 14 4 p p.m. There wag, also no: correlatxon between

;_1norea51ng age { 2 - 10 years) an& copper concentration. Thomas and ”rlnder
(1947) reoorded that the coppar conoentratlon in blaeberry remnlned wzthin the‘
range of 12.9. to 14 4 p.p,m, from June to October.g It 13 nobmworthy that where
'?heather is prevalent copper and other minor element defIOLGBGiBS iﬂ 1ivestcok ;
are- rare. whis 18 a- reflectlon oi thelr hlgher oopper coneentrat;on relatlve

to grasses and clovera but it could also be related to soil type (Wllson 1962)




In thm ‘sems . xp orimpnt 'Thomas et 9,1,. investigated the copper concentratic

They
A

‘:vopper (p.p.m.)f =
- Late Yeb. fearly Mamhﬁ .
. Tate Apr./early May C19.6 -

" fate TFeb. /early Nazoh ~~ 0,07 0.17 . 011 - 0.20 0,14 004
Lata. Apr./early May B 0 41 . 0.26-. 0.25 .19 Q.37 0.30
CWids Sept. - 012 00 0,10 013 05 0:d2 .

Calciﬁm'!‘z* ) S " T
".Late Feb. /éarly'March - 04205 .0:14 0,06 .~ 0,07 - 0.4 0410
Late Apr./éarly May 0.12. . 0,14 0.09 0,07 -:0.14 . 0,11 -
- Mid. Sept. - . 0.207 0.23 0,07‘;:4 0.07 0,13 - 014

Befo:ee spring ,growth commenced the range 05.‘ copper concent:.e.tiona was. ;f.‘z:om

B b ‘. 6 6 Ds p.m._ Theﬂe rose markedly wmth the onset of growth in 1ate April/

early May to a mean 1evel of 11 1 p. p.m. and thereafter declined progresslvely

”

SRR o

to B B - 8 2 p p.m. (mean, 5.7 p p.m.) by mid September. There was no 1norease\
in ealcmm concentration during the spring growth period but phosphofus

concentmtions/




»concentrations rose at that time from 0 14 to 0.30% and subsequently fell to fﬁ7{*

0.19% as the plants maturad.- Thia deoline in phoaphorus conoentration with:,{fﬂf;

:iilmaturity parallels that found for copper conoentramion. Theveame trend in

' phosphorus and copper concentrations was oonfirmed‘by'Thomaa et al (1952)

This general increase 1n the oopper concentration of plants during the

f?_-spring growth period (Thomas and:Trindar 1947 and Thomas et al 1952) indicates ‘f

: K*; _that the ¢0pper concentration of samples cf herbage obtained during lambing

”;time may'not be 8 gOOd guide ﬁo the oopper intake of the awe during pregnancy. ‘
 Such hecbage samples may, therefore, give misleading information regarding the o

anssociation bobween herbage copper ooncentration and the incidenoe of swayback. L

Figure 1 presants the . rcsults QL woxk carried out by F&eminb (1965) and
’1—Kirchgessner (196)) concerning th@ eh%nbes in tha concentration of copper in

f herbage grow1ng to maturity.; Fleming grew cocksfoot. perennial ryegrass. rough

; stalked meadow grass and timothy in small field plots and obtained five samplesu;

~:from each at different stages of growth. Kirchgessner preaented data concerninggg

'ulthe mean seasonal changes in copper ooncentration for three unspecified grasses

'»'during the growing seaaon‘ Their results clearly demonstrate that copper

4‘?;ooncentration declinea with maturity

Fleming (1965) also reoorded that the laames of grasses at the silage/hay -
‘istage conthin about twiee ag muoh copper as the stems. The increase in the o

i nzoportion of stem material with advancing maturity may, therefore. explain these

overall seaaonal changes._x




P -’Fig.I " Changes in the copper concentratlon of pras.,es
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Hemingway (196 ) out herbage at the silage stage four timee in each of

'“’T three yeara. He found . progress;ve 1ncreaae in the mean c0pper oontent at :> ”

*’eaoh out in eaoh of the three years and also that apincaticn of nitrogen always

7l?inoreased the copper concentrations. His finding- are Summarised in Table }

}igﬁﬁléiiﬁ" 922222.22&2&2&22&&2&? (ps p.m.) in herbage cut repeatedly at the si Lege
. stagg (Bbmi;gway ;9621 . T

NO N applied o | ‘ J'i\I. ap_'glieé. -
3.6 54 “9:4'... 9 46 T3 w5 96
LB 640 6i6 B3 T 6 Te6  ;9.5_ 9.6 -
Al 500 60801168 S 85 T 88 1Ll

R
ot N

iﬁéf}gﬁﬁihé :g@;: ;;f‘ﬁ ;%$2;¢#3;”Q¥fi1mi'

Tha results puhllshed in respect of the eifect of stage of growth of
-olovnrs on ﬁhelr ~coppex: content are rather more oontradlctory. Piper and

‘ﬂQfBeokwith (1949) in Australia recorded 8 small but progreasive 1ncrease in the

k*-icopper concentration of subterranean clover durlng the growxng ‘geason. At the

i-.3 - 4 1eaf stage the copper concentratlon was 9 5 D p.m. and thls 1ncreased to

' 3 ]2 0 p p.m. at flowerang., In contrast, Fleming (196;) reported a steady fall

R in the copper concentration of red clover from 10 8 to 8 4 p p.m.ﬂbetween early

"~;gﬁimay and 1ate June.' Over this period the copper concentration of white ‘clover

{'remalned constant at 7 8 - 8 0 P+ p.m.~ Hémingway (1962) found that the mean -

“'é?tj’00pper concentratxons of four cuts of” wild whlte olaver 'separated xrom mlxed

/'_herbage, ncreased throughout the season” (10 9. 11 O. 13 5 dnd 15 8 e p m.) o

) 0)/ R |




1.

o) Effééts df;Organiq-Manﬁ:es.and~Fertiliiers.

1) Ofgaﬁic~Mahureé;3 Hemingway (1961) analysed bO samples of fammyard manure

l(F.Y.F;) and found the mean conccnbraulon of copper in the dry matter to be

19 8 p.p.m. Thus, a dre$81ng of. 10 tons P.Y.F. per acre would supply about
40 gms. ‘of coppev. .Thls amount of addltlonal copper in unlikely to have any }_-
direot effect on the copper ooncentratlon of the herbage.. Thomas, Hblmes,:;‘m

' and Glapperton (1955) suggest that appllcationa of organic matter probably
\g'increase the copper oontent of plants by improving the soil texture and water

u?rejationshlps. _‘*‘P

Thomaﬂ et al (1935) iound that when three glass specles (crested dogstall,

'1;3Yorksh1re fog and red. fesoue) were treated wlth 8 tons of F, Y.M. that thelr

“,1;copper concentration wasg. increased by over 2 0 p Pete oompared with similar

-‘untreated spscies. Wllllams, Stojkovska, cooke and w1ddowaon (1960) reported L

’that 15 tons of F Y M._per aore supplxed ag. muoh copper ag was taken from the

- 9oi1 by cronplng with- Uhemt. bamﬂey. pot@toes, c]over and hale. However, they '

etated that the- applicatlon Of Lhi$ amount of P.Y.M. deprebsed the coppef con—

;ﬁcentratlon in tlese orops as Prequenﬁly as it inoreased c0pper 1evels.

33:11) Fertillzers. The copper ooncentrations of some of the common fertllizers

\lA:were determlned by Stajkovska and Gooke (1958} The approxlmate amounts of

’?;Acopper supplled by three typlcal dre851nga were:-;~‘j.*f‘

:Nmm Chalk (500 1bs /aore)ﬁ?'- ﬁngsGu

_ Superphosphate (400 1bs /ﬁcre)*“Hv;;gﬁgo émétﬁu.s? .
Potass;umﬁulph&te (209 1bs./aore): - 0.9 gms.Cu. : -

- obvionsly/




12,

‘Obviqusiy;these“amounts‘of qoppgrréﬁppiieﬁiin the_comhonbferﬁiliZeré willnha

1ittlé effept in restoring soil resexrves of-copﬁer.

' Fiéhing (1565%) fduﬁd that theicoéceﬁﬁfé%ibﬁ'of'cbpperiﬁas alwayéihighEr
‘iﬁ“thefléafrth?n-iﬁ'thevstem of wraséés g0 it would be reason&ble to'ﬁésumé?that
| nltrogén appllcatlons - whlch 1ncrea¢e leaf growth - would increaue the amount
of copper in the plant. This effect was 1ndeed found by Hemingway (1963)
Paauure tre&tad with ammonium sulphate had a mean copper concentration of 8. 4'
DeDole oompared wlth a. mean of 6.4 p.p.m. for untxeated vasture. (S@e Table 3)
Stewart and Hblmes (lqbﬁ) reported a 50 per cenﬁ inorease in oopper concenhratlo

" after nitrogen appllcatlons to_herbgga.

In contrast to these findings Reith and Mitchell (1964) found only
ocoasional incrgaaeé in the copper concentration of a mixedfhérbage of granses
and clovers after-nitrégenAtreatment. They reported no consistent effoect of

nitrogen appliqatioﬁion‘copper'oohtsnt.'

- Thomas and Thompson (1948) found nb efféct on thé copper ééncentration of
three different grass specled due to an- application of 150 lbs. ammonium sulphat
' per acre. Khabe, Knabe and Krell (1964) reportea a deerease in. the coppar
content of pasture aiter applications of between 480 - 720 k#/hectare of
nltppgen to a sandy soil. Thla fall in hexbage copper content did not occur
on fen soils. They sﬁggested that the oausé of ﬁhe:deerease wag & dilution

effect.

Herbage/



N 13

Hérbage copper concentratlons appear to be unaffected by a@plicetlona

;-'of superphosphate and potass;um fertilizers (Hemingway 1962 and Relth et al.,l_

L _1964)

B ka) Fffeot of Lime.»

Thomaﬁ et ul (1945) reoor&ed a sllghtly lower coppe¢ concentratlcn in

\A'_heather (11, 1 p.p m.} uhioh had bgen treated wlth 5 tons ox ground llmestone'

_per acre compared with untfeated heather (12 5 p.p.m.) '

"giL %tewart (1951) reporued th&t swayback oecurred move frequently on pastureé
whlch had been 11med.: e was, however, unable to shou that an alteratlon in
”the sail pﬁ signlflcanhly 1nf1uenced the upta?o of oopper by tha herbage to thei
extent that i pasture whlch was deemed adequate for copper had beuome conper

deficlent.AA-;A }»"_

hltchell et al, (1957&) found that llming elightly depraased (by about O.b
, p p.m.) the oopper concentration of herbage whioh had not been top dressed with‘
"GuSO 5H 0 The copper concentratlon of pasture which had been bop dlessed N

; 4
"fEW1th ooppef was unafiected by 11ming. Mitch311 et al (l957b) found that 11m1ng‘

"vo7had no . effect on the copper cenoentr&tﬁon of xyegrass but that it effected

) gone sllght 1ncrease (about 1.) Pe p.m.) in tha copper concentration o; Tod

clover. ::;;}j“

| Relth et al (1954) reoorded that the coPPer concentratlon of commercxally :
\7used 11mxng matprlals is. very 1ow (l - 10 p p.m.) They suggested that thls
vamount would be 1nsuff101ent to remedy a defxc;cncy but Lhat it mlght help to .5

: maintaln/




_méintaih’adéduata levels.;:In‘fhéfsamé ﬁﬁbiioafibﬁjthey reportéd tﬁé PfféGtAOf'
lannual treatment of 3 toﬂs of 11ne/acre on the copper oontent of normal herbage
-and herbage which had been treated with 26 1be GuSO4 5H 0 in the spring of each
of the years 1954, 55, 56 57 and 38. Hexba@e samples were taken~1n June of
each of the years 1958, 59 ‘and 60. -On the pasture not treated with copper f
sulphate 1lm1ng had a depressive effect” reducing ‘the mean harbage ‘copper
aonoentration from 5.0 p. p.m.(ﬁnllmed plots) to 348 DeDellis (llmed plots). Vhere
- the herbage had~rece;ved supplementary;coype: there was no such depresslve effec
due to_liminé. ;Théy éuggest thet liming can sometimes, £u$ notjalwaya, reguoe

the uptake of naturally odcurring copber;_especially on oopper deficient soils.

Barlow, Purves, Butler and MacIntyre (1960) reoorded soxi pH levels and -
harbage copper concentratlons durinp a study of awaybach in aouth—east Scotland.
An examlnablon of these resuits showed that ‘there was' no correlatlon between
soil pH and herbaga copper content. .No sxgnificant differences were found betwe
thevsoil»yﬁ~values from styback~farms (mean +79: range 5.0 = 6. 8) and control

. farmBs (mean 5.963 rangé*& 9'~‘6 7)' Thls wag alao true: for the copper..
' oconcentration of- the herbage whlch had e meen level of 5 95 PeDetts (1.8 = 14 8
p.p.m.) on affected,farms oompared with a mean of 5.65 pepem. (9;5tp~7.5 DePoll. )
on ‘the control farms. Andrew.an& Bryah (1958) found~n0'calqium-qoppe£ inter-
éetions when grOWing whité clovér=eitheriiﬁ fiéld eﬁperimenfs oi in:pét\oulture.
An ineresse in clover yleld wag fouand by addlng copper and this was unaffected

by additions of 08.005

e)/.
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¢) Effect of Top Dregsing with Copoer -

Mifchell ot a1~(19574),1ai¢1down & series of plote in 1951:wh1ch“they treat
with O, 20 or_6Q ibs. Gqu; 5&50‘per acre. Two. erops of paﬁs'weye teken and the
_mixed pasture horbage was sampled in 1953? 54 and 55. The main fedtura t0 emexg
was the persistent effec%lof this one applidétién of GuSOd'SHéO given 3 - 5
years‘éreviously. Bgth thg ﬁreated'herhagea'had copper concentretions which
were 2.0.p.p.m; higher than that of the control herbage for qachrbf the three

years." There was no appreciable difference between the copper concentrétiqn

of the herboges treated with 20 and 60 1bs. Guh045H 0 per acre.

CIn anobher experlment Hltchell et al (1;579) obtained herbage samples in .
June 1955 from & eries of plots whioh had been trested with 20 1bs.
Gu8045H 0 per acxre in Apzil 1954 and again in April 1955, Oopper analysem of tk
constituent species of these plota showed a marked response by red clover to
applicalions of copper but only a very amell résponse by ryegrasg, cocksfoot,
crested dogstail and tlmothy. The mean increase in the copper cancenbratlon

‘of red clover was in the order of 500% while thut for the verious graas species

\waf.é only 30%.

These zesults weve confimmd by Reith and Hiteholl (1964) whon they repozted
‘only & small responge to applicationa of 20 lbs. Cu3045H 0 pexr adve. by mlxed
herbage. The greateat response was agein found for clover whmoh increased from
L4 « 5.7 pevems The copper contents of three grasses - ryegrass, cocksfoot and

orested/



o ;wﬁ“;crested dogstall - also 1ncreased but not nearly so notioeably. Before treat- '

h

jﬁment thelr copper concsntrations had varied from l 8 - 2. 5 p. .m. while after
Ltreatment the range 1n copper concentration was from 2 6 - 3 1 p.p.m. The effec

.fiof the treatment was found to persist for three yeare.}

Morgan and Glegg (1958) oomp&red the effect of apraying 8. solutlon of

_“5 lbl. GuSO Héo in 100 gallons water par aore to a peaty soil wi+h Spreadlng

: L ?a ooﬁperlsed fertllizer which supplied the same amount of copper.v Spraying

"fflncreased the copper content of the herbage to 19 8 p p m. but'for the firut ou1

‘:  only, by the second out, ) month later, it had re+urned to the same 1evel '

o 3as the control pasture (8 4 p p_m.)} The oopper ooncentr%uion of pes»ure j

il“f.ftreated wlth the coppe:ﬂsed fertilizer was not %s h«gh as that of the sprayed

’:?:‘pasture at the flrst cut (14 2 p p.m‘) but it was hlgher ot the second oub (10..

?_fp p.m.)‘i waever, by the ne&t cvt it had al 50 rebuxned to the 1evel of the

-vi;control pasture (8 5 p p.m.) A furthcr trlnl was carrled out in the followlng

f:year when two 1evels of CuSO45H 0 (5 &nd 10 lbs./écre) were applzed ag’ sprays.f
“'The results were 31m11ar to those found in the pcevxous ycar w1th an incredse
o hin oopper conoentratlon at th@ flrst cut but then ﬂetulnlng LD the 1evel of the

_oontrol pasture during the: nett four weeku..

Morgan end Olegg (1961) 1n further trials ‘on the effeotiveness of supple»

'{mentary c0pper applled as sprays for inoreasing herbage oopper concentratxons

23¥hf3>used 1our dlfferent treatments.x‘whese were a) control b) 6 lbs. 0u804/acre, g

”'.  0) 12 1bs. CuSO /acre and d) 10 1bs. oopper versenate/eore whlch were all applL

in 100 gallons water._ The oopper concentratlon of the control herbage was 8. 4

- ps p me. whereas treatments b), o) and a) produoad 1evels of - 60 o, 80 0 and 20, O

"f”p P-m- respectively &t the first Qut,. When' a second cut nas taken a month 1ate

*f:the copper ccncentration o; the treated herbage w&s the same ag that oi the :

" control pasture. The posaiblllty of surfaoo contamination of the herbabe boing



1

resppnsiﬁlé fof the high copper coﬁbentrations was discounted ééfthere ves 8
"periodnéﬁ very wet weather between epplication of the dressing dpd'Samplingfof %

herbege. -

" Lee (1950) described the rosults from an experiment where 7 lbs. Cu804bH20
was spreau ovar an .ares of goil which had reoently been . Sown with 1ucerne.‘ The
lucerne quickly dominated the copper treated paature “but on untreated pesture

rasses remained as the dominent specles."

5Lee also reported. that elsewpexe infSouth‘Apstralia coppew gulphaﬁe.has bee
applied ﬁo'céloareogs sandy soiis at:rafea varylog frgml7~~ i12_1bs. PEL ACTO.
The meaﬁflegume poﬁﬁé? conégntiation recorded was in the region.of'a - Q“Pepems
and the higﬁesf level oﬁtaiﬁedlwas 13,0 pepPolis Tﬁe Qean“cbpber concentration-"
of grasées in the same areas was shout 4 0 pepeme  Lee stated that he found
no emc@ptionally high herbage copper conoentratlons after treatment Wlbh T 1ba.

J ﬁusoé/‘acre. -Indeed the hlghest value he rocorded was’ 10 0 P Palde

: Froﬁ.the preceding review it cen be seen that of all the factors discussed
which affect the copper oconcentrations of plants only the . effoct of! specles has
led to reasonably consistent rewults. " Mese have shown that herbs and weeds
‘ _&enerally have the highest copper eoncentiation.' These are followed by the -
| légumes; éxcépf where %ﬁe soil copper}conééntratian is low, aﬁd finally the4

‘grasses which have the lowest copper content.

| Thé/



Thm reports puhlished wmth regard to the effoct of nitrogen, lime and coppe1
) sulphaxe app1icat1cns to the ﬁOil cn herba ge. aopper eoncenﬁrations are, however,
;hmuch more inconsistenx. Applicatiens of nitrogen fertilizera have baen reported
“to have decreased, to - have had no consmstent eifect on, an&, more frequently,
"to ‘have inereased ‘herbage capper ccncen%r&tions.« The- same range of effect has

g;'been attributed to appllaations Of lime while top drasain# with. capper sulphate |

jhas produced reparﬁ& ranaing fron llttle ox ngzinbrease or only a. tx&nsiﬂery

increase to a perszstent effect lastlng*aver five ye&rs.‘t

In.v1ew af thls dlegarlqy among the puhllshed work 1t wag thought desirable
l %o obtain further xnformatien regardlng the affect of aoll applications of 11me,
‘ nltrogen and coppex sulphate en.harb1ge chper oonoentxatlon. Thisawork_is

' described in experlmenta 1l - 3
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COPPER METABOLISHM -

‘ More than a cantury ago copper wae shown-bo occecuyr in living tlssues. y
AH9rless (1847) found ‘that copper was present, in combinatmon with protein, in
:the blood of marzne.bluebloods.» Bext. (186?) suggeated that the blue colour -

' ‘Qf.the.blood was're1ate&»to ox&gen transport and in 1878»Frsderlcq (1878) isolate
. tﬁe pig@ént frpm dbtopué blood and naﬁéd'it haemﬁdyanin; This_conﬁgins about

Q.a% offcobper.-‘ : o B ' T

. Another plgment contalning COppER,. turacmn. wasg 1solated in 1869 from the :

'~3feathers of o specles of birds called ”uracus found in South Africa (Ghurch 1869
4 This was shown to: conta;n about 7 Q% copper and it was later identifiea as a
'GOpperhporphyran complex which had & conflguratlon simllar to that of haematin,

"the porphyrin moiety of haemoglob1n.-¢

Coppes is known o be involved 1n cell resplratlon but Lts precise funcfzon
has nQp,BO far beepAeluc;dapeqf A number of respiratory enzymes are coppen—-‘.
t p?o%ein qomplexes;f thé&é include aSCQTbJO acid oqldase,vpolyphenoloxidaﬁea,
ahd'laccdgé;; Copper- lu also p¢csent in two 1nact1ve complexes. hepatacubreinu»

and haemooupreln, whlch have been 1801&%9& fmom the liver and erythrocytaa
”[;respeotxvely of mammalq. These all contain copper in aonoentrataons aimllar |
to that_found in haemoeygnin. Geruloplasmin is enother Cu = protein conplex
" which is found in the b1§od. _It exhibits weak peroxidasge activity. Ninety
per cent of plasma copper is héld inithis form. Ceru;oﬁlasmin'acts by releasing
and binding eopper,at~%he éppropriaté éites in the bodyﬁthus aiding the regulati

of copper absorption and. transporte

| 'Pérhapg/
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;‘Perhaps the m@9t4imp6rtant function of,GOpﬁer so.far deduced is the part
i%'pTayé in irOﬁ metabolismi} Milk anaemis in raﬁs-wasAfcund to r&épon@ to iron
thevapy only 1£ a small amount 0of copper was aupplled a8 wall. 5ug Gu/rat/ﬁay
was ”aund 10 be sufzicment to dnitiate and m&intaxn a steaéy férmatmon of
haemoglobin and-arythrocytes. Gopper is not 8 canstituent of haemagiabin, nor
,vdgea 1t appear to be a mecesgary ecmponent of the cifaulatlng erythracyte. but
”,1& does facllluaﬁe tha ut:lizafion af iron by the bloodpformlng crgans and aleo
ﬁhg_mobillsatlon of iron from:the ﬁlssu@s. GoyparAdeflcienoyi howave? does nct
affect the absq;pﬁion and é%@ra@e of iraﬁ in facﬁ haemo&lderosms im fvaquently
a consequencé é%ﬁi%., The mode . of aation of copper in haamog&abin‘£ornat10n is
unknewn but 1% i pregumea o be & catalytio one.. Sbhulhze (1941) found thet
ahe marxow 1n the bﬂnes of . ccpper defioient rahs st m&rkedly daoreased in
eytachrbme oxi&ase and that thexe whe an 1nqpeasefln the;goncantratlonfof-ghe

enzyme upan the adminlsﬁratlon of . cqppéé.

‘# Gopger is a150~cencerned in Lhe foxmatlon of melanmns uhlch are the
&ark plgments in skln and hqzr. Thelr farﬂablcn from tyrmsxne xs due to tho aei
-of tha napper protexns - polyphenol oxldabps. Gopper»aétqﬁas & caﬁalysu in the
oxldatlon reacuions which occur. A copper de;iclant anlmal can beeome |
: ﬂermously dapagmented and achrnmatrichia has been nhserved in & numbeﬂ of aﬁzmal

\;1nclud1ng rats, sheep und cattle. ﬁilla (195)) made use. of this f&ﬁu 1a A -

ia} expcriment w1th cepner deflczent rats. Ee drew u@ a pigmentabmon scale=

'*v;?relatin@ nmrmal pigmentatxan %o an.adequate coppar 1ﬂtake anﬂ progresszvely




"éé:‘131;.”r5

’:‘:more serious deplgmentatmonﬂto-an.1ncreasing defieiency of coppur. Pantotheniofj

o ZEE&Gld also appears o be‘l‘volved with copper in melanin farmation. The skin ofo

5:rats which become depigmented'dhmnugh 8’ defioienoy of psntothenio aoid have

‘gfifive .imes thelr nermal concentration of oapper (Hundley andA ng,19gl)

.,‘;81nger and mav1s (19)0) reported that the deplgmentaticn which oceurs xn rats

’ fbeing fed en dried milk diet can be corrected by‘“y( s pantothﬁnicfi

facid ar copper. e

The physical nature o; hmir ia also affeoted by‘a copper deficienoy.i Iﬁbvw

sheep ﬁhe wool ] aes 1ts erimn and bpcomes atralght and stringy, ”bhe tensile _;'

R PELNE ¢

-{ stmength is affeeted and the elasﬁl -kr0porties are . abnormal._ The ehange 15 due

'ffthe neck of me i‘ollicle.:. \.f'This i’o:em&tien of the disulphiae bridges normally

"‘takaa 8 - 1° hcurs but in capper deficient aheep it takes at 1east dayq and |

= in the meanwhlle the flbrea remain plastie so ﬁhat the i brmllae can become

; . disorientated before they are finally flxed by oxidation. Incraasing hhe ﬂ_f_

': coppér aupply ﬁo nhe animal by means of eopper sulphaye immediately allows for'i"

‘“{A,the preduatlon of normal crlmpcd wcol by the folllole.

Thus, ooyper is invclved bmth 1a tha pigmenﬁat;on and keratiniSation uf

:hair/



. fls 1nv01ved in the pigmentaticn process bvt net in whltc onps.

. ifenzyme system. it is suggeated that theyfare not. The ev1dence for this is

g}It has been ST

ﬁreoordeﬂ that the feaﬁhprs of White Leghonn oeokerels benefitted greatly from

‘i;W&H aided purely by supplemanting with copper in the absenc'&

'1f;;the &ddltiOH Qf cayper to their rations thus xndicatlng that keratinisatxon S

~f*pulyphenoloxiclas

-gfenzymes (White, Hbgsted and Mayer 1951)

Gopper was flrst proved o be an eawential nutrient tor the rat durzng a

"ixzﬁstudy 0? mllk anaemia by H&rt, Steenbcdk, waddell and Elvehgem (1928) Since ;i

pﬁf;then it has been found o be nccesrary fox_all anlmals and also for all hlgher

fplants." Dlscubblon of” it effecta Onfanlmals w;ll, however. be restvlcted here

A.ito sheep.and to a 1euser degree, aattle. .

,-> mjollema (1953) found that dosxng wlth aopper aurad Lha waetiﬂg disease -:

~:;sﬂLechsuoht - prevalent among cattle gvaélng in the Nbrth hast of ihe Ne1her1ands.

:-Pesture 1n the amea% where tnc dlsea&e oecu' edhad a aapper ccncentratlon 1& the

-frange 1 f- 5 p p.m.-(mean, 2.) p.p.ml). whlle Lham of nornal healthy pautur

‘;ranged from 6 - 12 p p.m. (mean, 7 5 p.p.m.) Since Lhen oapper &eflclency

P

1n cattle has been reported from all parbs Qf Lhe worid partlcularly o.g. Vestex

;Australla (Bennetts and Hall. 1939); Tlorida (Dev;s, Kldder and Gomav 1946),

1n e Zealand (Cunnzn ham. 1945); Engidnd (Allcrofﬁ. 1946); Ireland (O'DonOVE

‘ 71949) and Scotland (Jamleson and Russell 1946) The dlseasa is ohar@oterlsed =

. by/’ Lo




}>;7 by the coat beoomlng harsh and dishevelled as the haix: losea its oapaoity to .

’n.produse pigment. ‘This is aooompanmed by 8" 1oss of appetite and a gradual loas

in condltlon. Anaemla develops prowresaxvely as the ooyper ooncenbration in the
‘>blood falls from a normal level of 0.8 = 1od Do p.m. to 1ess than 0.2 PeDeils At-

-thls coneentratlon of copper in the blood the anacmxa is mo severe Lhat the

oxygen - cafryxng capaoi+y of the bloed is reﬂuead t0 less than 30% of the normal

NANGE s

The'disease in qéttle oan ei.ther be aﬁspgbific‘deficiendy;of Eéﬁﬁér or:élsq
it dan £e:c0mp1icate&-by deficiénéiéé’of soméAothéf e1em$n£s sugh'asrcobélﬁ.
; Then, ip.addition to the symptoms alréé@y d@sorihed; there is a_seveﬁe and
persistént séquring aﬁd the animal%'gon&itiqn deteriorates more rapidiy."In_
‘ WCstern Australia, ihe digease is kunowm as~"FalJing"biaeaée" and is chavacterise
by sudden death. It usually manifests itself dulln the noriod of flush arowth
,.Of pasture fxrom August 1o Octoher when ﬁhere 15 a lods 1n condltion and sORe .
evidence of anaemias It ceuses a suppresgmonvof oestruS'an& wemporary storility
in the cows while the calved mlghb appear sbunted sné have llmb abnnrmalltles. ;

Dlarwhoea may cocur but it ie not an essentlal feature. o

iﬁ South Austr&iia there is a'cdﬁditidn'ﬁrevalentiiﬁ &ouﬂg lambs born -
of ewes which have & rery low 1iver copper concentratian. - This has'been‘termed
enzootic ataxis and was flrst related to a defJujency of ooppor by BenneLts
and, Ghapman (1937) when they found that treatment of ewes with copper sulphate

prevented/
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_prevented the apnea*dnoe of the syndrome in their 1ambs., The central nervous
' ‘system ‘of  the affected lamh is extensively demyelinated and it is 1ikely to die '
?wzthin a few days of birth. The first sign of copper defiozenoy in the adult ‘"

f‘sheep is tha aupeqrance of "steely" wool due;to defectlve keratlnlsaxlon. ;_1

A similaf nervoﬁs diéorder is‘found‘ln 1ambs‘1n thé United'Kingdom where aﬁf
zrit la known under the des c:uptlve term “SmebacL" In less acute eases it ia
':characterlsed by an 1nco~0rd1nation of gait while in {he more severe forms there
-“may be comple e paralyslae .%1milar symptoms have been descr:bed in young lamb-
in many othar parts of the wcrld e.g. New Zealand (Cunningham. 1944), Australiai
":(Bennetﬁs and Beck 19&0), India (¥rishnabba; 1936), South Afrioa (Bunnlng)1933 -

Vuand Pevold, 1949) &ﬂd Supden (Magnusson, 19?0)

The pathology of- the dlseage 15 all thesé cases ie ess énuxall& tho same.
_‘Thore is a diffuse symmetrloul demyellnatlon oi the centxaﬂ nprvous by‘tem.' Thei
_‘fd;generatlve ubaﬁ'@ vafi@s from small foei in the oerebral whlL@ mauter o - d,;;i¥
gross denycllnatLon of both hemispheroslw1th Lhe resultlng 1ormation Ol‘por—; f{j
‘encephallc cavam;es. Seconﬁavy demyelinatlon of the motov'trao+s of- the cord -

generally follows;, e

”he disease usvally orlglnatoa in the Foetus but not always ginge. the ff*

‘~gsame uymptoms oan oeeur in younb qheep more than a year sfter blrth. Swayhaok g}

- im enéaotic in areas where the hsrbage copper content is low but 1t docs not

'f‘;automaLlcally ooour in the lambs horn to ewes whioh hava a 1ow level of copper =




fcaseﬂ the‘dl eane. is generally hoxm ﬁ a aond;tioned on inanpea QOpper deziaxﬁney.

Gapper deflclency in sheey, ow awayback in ]ambs, hag heen reportad ou
' pastures which ranned 1n thalr capper cuncentratzcﬂs frem 18 ?9.9 p p.m.;ﬁi ,

'BKVV ves. quoLad by lﬂﬂl?ldd&l authars inelude 14.0 - 27 0. n.p.m. for Derbyshixe

F°Q¢fpastures (Innes and Shearer 1940), 7 - 10 n.p.m. for ﬁbrthumbarland pesbuﬂe and'

“'?fl) - ?9 p p.m. fox Wleh pastulo (Fden, 1944).» 4 9. p.p.m. fog Spottish pasture

ﬁiA(btewart, Patmer and NltcheTl 1946), 5 - 13 p.p.m. fer Darhyshzre pwsture
. (YilEs 1?54) anﬁ 7 - EG p.u.m. far unapecified pasture (Allcmoft, 19)2, and
.Allcreft anu Lew&a,l?g?) ﬂll these authora sug&eat that %he ﬂwaybaeL was due

_ito a caﬂditmoned rather nnan;to an:actual,deﬁic;ency of ecpper in the herbege. A

On thé other h&ﬁé’ﬁgrléﬁ:e; al.(i9603‘§§p;§§ké.rangeagf copper content frbﬁ
_swanaak pdsturas Ln Iast “eéflaﬁé cfal.a.é»éﬁlﬁié‘p;ﬁi.with afﬁe&n vﬁlué‘df :
:49.64 p;p.m. Sixby uwG p@r cen% of uhe samp1$s analysed by theae worker& hpa
“_,:1953 th&ﬂ 5.0 p.p.ma Lu.-iwhis fi sure ax loaq Lhan 5,0 p p.m. ceppef 1n bhe _--;;
herbage Lrem swaybaek f&rﬂb corrasponds very well with the coppmr content of -
"fherbagm fram araaq where enzoobic agﬁxia corurs in. Auayr&lza. Australman horbégﬁ
 wh1ch ha& a capper contenﬁ Qf 1 - ) p p.m. is xﬁ{mzﬁed as éef;cient* 5 - 5 PePel

iGu is r@g@rd@ﬁ ag mar 1nal and abova 5 0 p.ﬁ.m. copper is rcgarded as hainv

quite Safe or normal (Beuk L062)




Bamlow and his colleagucs sub$ast, on the hasis of” fhelr own wamk, thut
swayback may alﬁo ba a- true deflciency dlaease as in enzaotxo ataxie.. Thsy
sugg st thﬁt the eopper content of the hexbag& can be inaorrectly asaessa& unles;
'great care is taken ho elimi?ate geil from th@ sample or to. allow for some cen-
tamlnatzon and to c@rrect fox it. Hoil aontamlnation may hame been the ceuse
Gf aome a? the hlgh herha @ eoppe* aoncentrﬁtlons prev;ansly xeported and
partxcularly those of Innes and Shaarer (1940) who suggested ﬁhat as the sheep
‘ would eat hevbage cantamlnated with 3011 thﬂt this is what should be an&lysed.
Thig v1ewp01nb makes no allouanoe for “tha iae that s0il copper will likely be
muoh less readily‘utlllzed hy the animal ag: lt ig much more tightly held than

 the orgenically bound eopper ef,planns.

It is also no%eworth& that most of . ihe herbaéé samples obtained by p:évious
vorkers weve teken in the late spring and eaﬁiy-sumﬁéx.: As already mentioned
ﬁhe eoprr concentration of grass fr@quantly vines sh&rply in the spring so
that thg copper concentration of herhage samn1em obtained aftpr the lambing o
,,v'may yive mislcading infozmaﬁxan cnneernwng thu capper concentraﬁion of the herba

conpumed by’thc eve during pr&gnﬂncy.,

Biapd Gopﬁer Ccneenfratiénnf

The bload copper level of noxmal sheep ranges from 060 - l 3& DeDelle
(ﬂarloW'at &l., 1960) Uhere copper defmclency symptoms oxr Bwaybaak oscur the
hlood oappcr coneen%r&tian ia generally much lower. Barlau ot al, (1960) quoﬁe a

mean/



“mean bloéd'QOppev concéntration of G 13‘p.p.m. (x&nee 0.05 - 0 50 p p.m.) tox th
*Lmothers of swaybaek lambs.- Fden, Hunter and Green (1945) report & mean value of
10 30 pe Poms (range 0.10 - 0. 80 Do p.m.) far ewes which gave birth to 1amhs with
awavback, On” the OQher hand Innes and Shearer (1940 and Shearav and.MoDougall
£(1944) quéte a mean blood coppar concentvation Df 0.60 De p.m. (range 0 50 - l O

Do p.m.) for smmilar eved,

The biood copper ooncentratlon of 1nmbs suff9r1ng from swaybaek which

‘“‘_fexhlblt symptOms of bhe dlsegse atb birih o durlng tha feru few weeks of 11£

- waa found Lc be wmfhin the ranpe 0.08 = 0 49 p. .m. with a mean v&iue Of O 36

Do p.m.~(Ballow et al. 960) Swayback can cecur in anothex "delayed“ form where

f;symptoms might not appear perhapa far aeveral months after: blrth.: In suoh oases

}‘; the blood copper concentrations of the’ 1ambs axe narmally muoh hxgher than those

"1?:»wag 0 15 p.p.m. e

: found in 1amba affected from hlrth.. Barlow et a]. (1960) quoted ) range of 0 09
:"lu 0 87 p p.m. w1th @ mean of D 45 Do p.m. ior swayhack 1ambs ranglng in age from
Tulo weeks ta 6 munths.~ Thus bloo& cOpper analyses may be of no value in diagnoszx
;?the delayed iorm of swayhack. The cause of the rise in the blocd eopper leVEls |
’ ‘is probably due to the lamba eommenoxng to graze from about 4 weeks old and thuet
:belng no longer completaly dependenb on the ewe'ﬁ milk for ﬂll thear copper |
'fr@quxrements. A whole milk dlet lS v1rtually aeficiant in copper- Elvehaem.rg\;

Jf_;'steenbock and Hart (1929) reporte& ﬁhat the copper GGDCLnbratlou of’ nows milk

Aumlian/
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’ Aﬁétralién worh!shoﬁa,yery compérahlé results to those quoted by'Barioﬁ éf
:”al.(1960) for the blood ébpper~concentra%ion of sheepfﬁith lambs . suffeﬁinm from
anzéo+ic'ataxia. Beinetts and Beck (194?) found that seven owb of nine sves whi<
had affectod lanbs had: baood copper ooncenbrmtions of lest bhan 010 pepeni.- The
hig heat blood copper concentration was 0.40 p. p.m. " Mershon . (19)2) renorted
slgns_of copper deficieney when the blood copper level of ewes fell below 0.30

DePeTle -

Liver Copper Congentration. -

The nolmal concentratlon of copper in bhe JJVer of shoep oovor% & wide
fange‘from 100 = 300 pepeis’ However llver copper conoentratlons can’ vany quite
_considerably in'éither difééfibn\from this range ‘without eny risk of elther

deficiency orktoxi&ity Symptpms. o

In Ausbfa1¢a, lambs sufferlng from envaoblc atax1a hwve 1iver coppev
c:cmcenwations below 10. 0 p p.m.- (Bennettxa 'vnd Beck 1942, and Bull, i\’are.'i,on,
Murnane end Lines; 1938) Spais (1956) reported Jovols 0& 5 - 10 p n.m¢ in the _

\flivcrs of copper delloient eves and Lamby in Grueoe.' ‘

Barlow et al. (3960) repoxted 2 mean! level of ).6 p p.m. Ou for swayback E
1ambm under six weeks olﬁ.v Thi g oomp&réa very wnll wmth a mean livef conpev

' conGentr&thn of 6.) Ds p.m. for eloven swwyback 1ambs recorded hy Allowoft

1 ;"C1e5g and Uvarov (1939) Innes and Shearer (1940) and- uhearer an& FoDougall (19

"_reported that the mean 1iver coppar csnoenfr&tion of swaybaek 1ambq cnamined by
A‘ {them was 12 0. p.p.m. Th;s is double that reported by Bnrlow et al; and Allcroft
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It is interesting to compare the results of Barlow et al.(l960) and those
of Innes and Shearer (1940) and Shearer end MeDougall (1944) for the: blood coppe
 concentrations of the mothers of swayback lamba and‘ﬁhe liver oopper aoncentre-

tions of the lambs. Their results are presented in Teble 4.

Table 4. Blood Cu eonaentratian in ewes with swayback lambs and liver Cu -

concentratlon in swayback 1ambs (Barlow et a1ﬁ1960).

Blood Cu Conc. in Byes ) | N o | Liver Gu.conc; in Tembs 7

'p.p.m.éu;‘ Shearer . Barlow l ‘ ;h;hghﬂn;m.) ‘ %hearer ° Barlow ot al.

. o ebal. ebal. . gt al. N :
0-010 0 49 0.2 0 [
0.10-0.20 0 R 2~ 4 o 27

0.20 - 0,30 0 14 ;‘ 4~ 6 T 17

0.30 = 0.40 11 V. 6~ 8 7 40
0,40 - 0.50 16 - 2 8 = 10 18 2

0,50 = 0,60 17 0 10 » 12 - 7

'5.60 - 0.70 24 o 12 - 14 1 0
0470 7’0 8 21 0 14 - 16 e 0
0,80 = 0,90 8 o 16 -18. . 14 0

o

0,90 - 1,00 3

Eéﬁldw ét él.(1960) foﬁnd that 94% of oves which gﬁ&e biffﬁ'#o swayhack
lambs héd'blood aoppér oonbentrations-below O.ﬁO’p.p.ﬁ. wﬁereas Sheéf@r et~a1.‘
- f0und no blood copper concentratlons helow this lavel in Bimllar sheep.

1m11ariv for ‘the llvers of swayb&ck 1ambs 9lﬁ of those - examlned by'Barlow et 91.
had copper oonﬂentrations helow 8.0 p.p.m, oompared with only 1&% of thogp

flxeported by uhearer and hls colleaguGSr




‘q'frecerded by bhearer and his col]eugues, a]though other workers have recorded »

t'The'valﬁééir parted by ﬁhearer and hls ec-wovkerq for the blood and 1iver ‘
’vcopper concentraﬁioas of ewes and of thair swaybpck lamba are. much hlgher than ;

f”any whioh have been recorded;51nce.‘ The 1mprmved aamnling and analytical technb

'of the 1ater uorkers might aooovnt ior their 10wcr results. Interferenca from
iron 1n bhe eatimatlon of copper uaing sodlum dlethyﬂdlthiocam%amate mlght also
'n:have been &. aontribatory chtor in. the higher vaiucs reported bJ Sheareg eb al.{

':fThe only VHJUQE whioh may Justliy the "conditioned“ d@ilClnncy ldea are those -

'gnormal oeppar ]evols in. pasture on., which amayback has occurrede. hese pasture i

:;m ‘

,‘samples, however, were enera‘lv ob alnod aftev Tamblnﬂ xath&r than durlng pregb

. neney. . :'=in*;”f§jf~_

“,'The Bffect of oral dosa 5@ . thh copper sulghate on the conoenbratlon of copper o

i the blood and ]1ver of sheep. -

Eden & &rnen (1939) studlcd the &hort term effeat QP en oral doge of

"copper sulphate on ov1ne blood copper concentrationq.fémwo sheen were doaed

=i'jw1th e H% selutlon of Cu50453”0‘1n water* one was ngen 0.2; g Cu und che Hilbx

“Jother 0.) g Cu. Blood samples;wewe obtamned from both shaep at 1nterva1a durine

A‘several hours aibrr treatment, jfifi\"'f

ffThe copper concen%ratio 5 (p. .m.) Of Lhase %dmpleu wero. :f

’; nme(m1ns-),f*ﬂ€9$ﬂ;j3405w'§t501 ;:-75:u§t1éé;¥3~ igétéh‘330¢ ‘3.:420:?iV{€ﬁx g
Lo0esgeR 1360 49 A0 13 dBR Lk e

,.“'.o _,0 & Cu 1 22 L ;!,_-,*5'0'3 B .49 1.36 L3609 v




N‘There was only a Short term;lncrease ‘ 1ood capper aoncentratlon dua to_-%

";éfthe oral dose of copper su17hate admlnlst ed.; It,should be noted however.<-

’;;iﬁ;that the sheep h&d 1n1tially quite hlgh,levels of copper in their blood. f.;ti

Eden (1939 and 194@ .- 43) reporﬁed that the mean blood oopper

oonoentration of sheep whleh had been regularly dosed with an antihelmintlo

ﬂ'»l_oontaining 300 mg GuSO was appxeelably higher than,that of control sheep.‘ S

4
i?Eight dosed sheep had a mean blooﬁ coPpar concentration of l 12 p Pae oompared ;

Co xwith 8. mean of 0.72 p p.m. for the control sheep. The mean liver copper

o born in Marchfkpril gave regular drenches of O 17 g Cus0

 fconcentration (305 ps p.m.) of the dosea sheep was ‘also signiflcdntly higher -

than that of ‘the oontrol sheep (52 p p m.)f Eden (1944) working with 1ambs

h Oy +SH0 (42 mg Cu) from -
the end- oi May to M1d September. Thls was on a f&rm in North wales where there .
" wes a_swayback problem, desplte a concentratlon of copper 1n the\pasture R
-ranglng from 13 = 21 pep.m. Before drenchlng commenoed the mean’ blood copppr
’conoentratlon of all the laﬁbs was - O 47 P p.m.~ After seven. drenohes the mean>-

. copper concentratlon of the dosed lambs was O. 74 PaDellle while that. of the-

control lambs remained almost unchanged at O 50 P p.m._

‘Hemingway, Brown & Inglis (1962) fbuhd sigﬁificaat‘inchASes in the liver
}1_oopper concentration of sheep which had been dosed with either 2. 0 or 3 5 g '

) CuSO «5H,0 (given as 4 or 7 separate doses of 0.5 g) oompared to control animals.
;The mesn liver ggpper oongentratlon.of the control sheep was\§4.p.p;m. compared
lyiﬁh‘ldalp.p.m..for thbse sheep giﬁen:4 doSes;and lézsp.p.mf-for those given

T doses of 0.5 g CuS0 .BHéO. They reported:nO‘diffeiences in blood copper:

4

conqeﬁtration/'



4 concenjrhtlon hetween the_control 9nd the copper treated sheep. 'The concen-\a;;

¢ ions had been 1n the ncxmw\,r&nge aﬁ the commenoement of fhe ewperlment. B

“drews ﬁnd 158308 (1954_ ln Nétl?eal ‘d reported%a sxgnlficantly hipher{!

n;mean 1iVer coyper concentratlonf(933 p. ,m,)f;n 1ambs wh;ch had been doeed ati_;

<25!}W88k1j 1nterVals for 4 man%hs w1th ?O mwbu (as GuSO SH 0) than 1n untreated -

1
as ;?4 p.p.m. They su@@ested that”

”5.,1ambs whose mean llver copper ceneentratio_

'.;5this rate of treatment 18 prnbably too hlgh as several of the lambs had 11Ver

“Wff;:Qpperfconcentratlons)1n“excess of 1000“9 p.m.f ALthou h none of these showed‘;

”i*ﬁany symptoms of coppef e icity there wauld have been a definlte rlsk of this L

";‘ioccu?rlng lf treatment hadfbeen contlnued fﬂr:a lon er perimd.

Fadférs‘ Ai‘fed tiné§ " coﬁﬁéi:j&bsdfptioﬁ :e{ha 7U1;3i1"iéa£ibnf .

The meahanism of capper abberptien has not so far been elucidated but it

;5gLseems probable that it oceurs in the hlgher regions of the small 1ntest1ne. It:

. [ RS PN . T .z .

iaﬁﬁﬁl;kelyxth@t pgppep.ls abgprba@;gs“ﬁhewﬁyééwiﬁﬁibﬁ' ‘ther 1n the fuzm of

;f;stable orgsnle complexes.‘ Mills (1956) fbund ﬁhat three times as muoh oappux
waa stored 1n the rat 11ver when the element was fed 1n the farm of the stable m
,;lcomplexes af an aqueoua extract of h$rhage than when fad as tha free 1on. Viffjf

~51t ia the case that copper is preferentxally-abserbe& when in the form of solub1|

i’“complexes then abnnrmally high concentratlona of othar metala 1n the dlgestive
‘tract mléhﬁ decreaae the anount of copper absorbed by competing with it for” R
i the metal-blndlng llgands.n Metala which hawe been reported to reduce oopper fgﬁ

7'absorpt10n and storage in- the llvar 1nclude molyﬁdenum. 1ead zinc, szlver.m~i €

) ~ifﬁ;ant1mony. banium, oalcxum and 1ron. ,.:




Undex normaluéondiﬁions only about 3% of the dietary OOﬁper is absorbed anc
stored in the llvers of sheep (Edgar, 1942. Diok 19)4, and Hemingway et al
1962) Under coner deflclent condltlons, however, ahsorptlon may -‘be much
more efficient. Marston (1952) Suggestedkthétlthis might explain the‘remarkable
response of copper deficient rats to additions of very ninute amounts of
copper 1o their diets., Gheep, under housed conditions, hgvé also bheen repofﬁéﬁ
to absprh'ana store large guantities of eoppér'eveﬁ when being fed on rations |
vhich supply a normal intake; Thisg aspéot of-copper-&bsorption will be reviewed
‘more fuiiy under thé section entitled "OhroniovGOppep:Poisonihgﬁg The éffeots
of various elements on copper sbsorption will.bé.disgussed heie;é;ther

individuélly or where appropriate in combinatidn;

1) _Yolybtemum end Sulpha .

Ferguaon, Tewis and Watson (1943) found that the severity of the scouring
that occurred in cattle on'%earﬁ’pastures in Somerset was direé¢tly proportional
to the amount of water soluble molyhdenum present in the herbege., This ocon-
dition is an extreme: form of induced oopper defiomenoy oaused by the excessmvely;
..hlPh level of molybdenum (50 - 200 D p.m.) in these pastures. Soourlng could

e awerted by‘the oral adm;nistratlop of 1 -2 g,0u804.5ﬁé0 per day.

Dick .and Bull (1945) reported “that liver reserveé of copper in both cattle
and sheep oculd be depleted by dosing fhe animal with molyldate.; Thisffinding
. was" later conflrmed in New Zealand by Guﬂnlngham (1950) and in Australia by ,

Mareton/



Dick (1954) has since shown that molybdenum effects the liver oopper

- storage of sheep only whé the dlet containa an adequ&te supply of inorganic

“:sulphate.‘ Swayback has been produced in lambs by treating tha mothers durlng
"gpregnanoy with ammonium molybdate and sodlum sulphate(Fbll, Willlams and Mlllsr
‘ 1961) waever, Butler and’ Barlow (1963) falled tc produce swayback in Blackface

1mﬁbs‘by Slmll&r treatment of their mothers and in faet this treatment raised -

‘l“athe blood copper 1evels of the ewe.

Di.ck (19)4) also found that the addition of ferrous sulphlde to the diet _
1owéred copper accumulation 1n sheep by 75%.- He suggested that this mlght be dmu
to the formatlon of 1nsnluble cuprlc sulphide in the rumen. Other sourcea of
A:aulphur (elemental sulphur and sodlum thiosulphate) ‘were 1neffect1ve in feduemng
copper accumnlatxon. Spals (1956) reported a condltloned oopper deficiency in
sheep gra21ng salt marshes whioh ‘hed a normal herbage copper content (5 - 15 PeD

Cu) but wh:.ch hed & high level of S0, (1 - 4/;)

Gunningham (1955) recorded harmful effects in cattle grazing pasiures which
* had- 10 Dep .m. Cu if the molybdenum content w&s over 15 p. p.m. and 1n pastures
with less than 5 Do pemi Cu if the molybdenum eontent was in the range 3 - T
’p.l.m. Beck (1962)g£oundAnqrmal levels of molybdenumignd sulphate in pastuges -
; where enzootic ataxia oéours in Vestern Australia. He concluded that tlﬁe.asu‘EA»a.-’"'r

normal/



’normai oopﬁer odnteno of ﬁhevhérbagé‘wasrthe constant and most significant factos
‘a33001ated w1th enzootlc ataxia and also with' falllng diseose An® oattle. The
:mean molybdenum content of pastures where swayback is known to oocur in Britaln
Cis generally not more than 1 5 p.p.m.‘ Only one rather higher value than this y
(4 1 P p.m. Mo) has- been quoted by Allcroft (1952) Thls is stlll only sllghtly
above normal and would not affect copper aocumulation unless the copper 1eve1

- of the pasture wes very Tow 1.e. f='5 p.p.m. which ;n_rhis casehit.was-not.

2) calaium;

. There is a widely held helief among farmers and.veterinary surgeons that
thero is 2 higher inoxdence of swaybaok on pastures which have recently been .
1imad or reseeded. Stewart (1951) stated that swaybaok usually had an enhanoed
prevalence after 1iming and.- Russell end Duncen-(1956) reported a high incldence
) of swayback on 11mestone rocks in the Scottish border oounties. Barlow et al._‘
fx(1960), however, found no 1ncreased 1ncidenoe of Bwaybaok in 1imestone areas
in. the Sootﬁlsh border o0untles nor d1d they find any oorrelatlon between s0il :
pH- and the, incxdenoe of swaybaok. Their results, however, supported the premise

: ;that swayback was more prevalent on reoently 1bnad or reseeded areas.

Copper deficiency in lambs is known o ooour on the oaloareous sendy soils
of Southern Australia but 1n this case there is a real deflciency of copper as -
oeome plants oannot complete thelr llfe cycle unless copper is added o the 50113

which &rewvlrtually copperudefrclenp.

..ldring/;'



| A -  41~ R RN o :Aljs'? R S »}:.; e ;

Liﬁin & pasture does not generally appear to affeot the herbage copper

'i-concentmation but 1% might have an 1nd1rect effect on- the oopper statue of the:

. grazing- anlmal due to the production of a higher yielding and better type of
v:pasture.A This means -that either 8- greater density of stock can- be carried or
',that a wiven area may Support the origlnal 1ivestock for a longer period thus ’
'necessitatlng the supply of 1935 supplementary feedlng. Héather, which may'havé
“beeu domlnant prlcr to llminb, will give way to a better type of herbage” which
_w111 generally contain less ccpper on the othet hand liming mey encourage the?
growth of clover which is normally fairly rich in copper. Liming, to imnrove
:; hill ground may, howaver, be only'one of several Qoneurrent factars. Others
‘inolude improved dlalnage, regeeding and possibly basio slag: applloationa and
these will 1nfluence soil type and texture and plant spe01es. A combinatlon of |
all these factors oould be, suffieient ta cause swayback especially in- areas whert
) the copper status of the animals wag marginal before pasture. improvements were(-

carrised Qutq

In housed sheep chk (1954) found - that 90 GaCO3 per sheep per day signifi-
cantly reduced the accumulation of copper in their llvers. However, in 8 \
repeat experlment, in whleh he supylied the same amount of calcium, but this
time as dioalcxum phosphate he found that it had no. limiting effeot on copper -
accumulation. Hémingway et al. (1962} reported no reduction in Eiver copper>
‘ GOncentratlons in young sheep at wrass whlch had %een dosed w;th 35 g CaGO

3
daily f0r~up tq-l3‘weeka., o :1 : ’}'A: -

_3) Tead/ -



Lead o

The fact that swaybaok occurred w1dely on. farms in Derbyshire which hsd high

g fjilevels of lead ln the herbage lad to the belief that thls element might be 1nvolv

*'1n the aetiology of swayback (Innes and healep,1940) ohearer, “Innes and
' MﬂDougall (1940) and Shearer and MnDougall (1944) later concluded that lend

i;was not a major factor but they thoupht that it might play a secondary role.

Blood, 11ver and‘kldney copper céncenffatlons 1n ahéep ha&e been reduoed
by regular dally doses of lead acetate 1n quantxties supplyinp about 100 - 250
mg.Pb/day (e.g. Ferguson 1948; Hemlngway et al 1962 and Hémingway et alv1964)
Howevem. none of these womkers was able to produce swayback by this treatment..ta
1fA110roft (1952) alao falled to 1ncrease the ineidenoe of ataxia in 1ambs of -

hypooupraemlo ewes w1th regular doses of 1ead to the ewee during pregnancy.

4) fZind.
Ingestlon of zine has been found to reduce the uptake and utillzatlon of .
o copper: by the rat. (e.g. Smlth and Larson 1946 and Gray and Ellis 1950) M00311' 
*Tﬂ“and Davis (1961) reported that zino reduced copper absorption by the rat only

A when the prote;n 1evel of “the dlet Wwa.s very 1ow (about 10%) It had no signifi-

. 'cant effeot when the dietary proteln lavel was 17 5 or 2;.0@» g;

. chk (19)4) found thet the storage of oopper in the 1ivers of sheep was,

' '.;unaffeoted by the addltlon of 20 mg Zn to the dieb buu that it was reduced when'j

'ff'{loo mg Zn were added. Hemingway et al (1964) reported no depletion in: the

o ‘}1iver copper content of eves gnven 2 g Zn (au the sulphate) dally during pregnanc

Dynna/
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Dynna and: Havre : (1965) reported a csnditioned oopper deflelency in cattle

'"ir;which worsened it supplementaly dn waa glven and only impxoved sllghtly

' when additional copper was wiven. ‘A oomplete r@covery was effeoted by the

addltlon of both coppex and zlnc.,‘f

Other elements which have been reputed to reduae blocd copvex concentrutiona
' include-fluorlde, antimony, 51lvor:and barxum (berguson, 1948). Dmck (19)4)
E'found that up to 50 ng Ni added to the dlet of sheep dld not afiect 11ver

l‘copper st01aae.’sﬂ"“1

The 1eve1 of probeln 1n uhe dlet has also been implzcated in copper

V“absorptlon.~ Hiyh dietary proteln levels depress tbe uptake of copper by the rat

~m.'(e.g. bchultze, leehaem! and Hart, 1956 and Goulson, iRemnngton an& Lynch, ;5

f1954) Thls has recently been confirmed by Mccall and Davia (1961) who fed
';a dlet eontainlng 25V proteln to rats and found that a supplement of 1000 p.p m.'

--_rCu produced no algnxficant increabe 1n 1ivvrh00ppcr concentretion.~ wallace, ;$g

‘”3¥g::McGa11 Bass and Combe (1960) found that the toxiclty of 730 p.p.m. cu fed to

“~i;gr0w1ng pigs decreased aq the proteln 1evel was 1noredsed from 1) - 25p. :_’

Tha antagonlstlc effeot of hlgh levels of molydenum and. sulphate on .

Eoopper absorption has been clearly establlshed.: However' the eoncentratlon of ;

’V‘;'these radiclea 1n the majoxlty of pastures where swaybaok 19 known to occur, -

'”53313 genarally wellw

Afthin thezlimlts of normallty, Thua any 1ncreaaed ;5;, E

»cidonce of swayback?duf“to_high*levels‘of molybdenum and sulphate will be of
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' slzght and restricted 1mportance only. ngh levels of lead in pasture are also
found in restr:cted areas only and ever there it is douhtful if they exer% any

great influence on the incidence of swayback.

. Céiciu@-has'been*reparted to increase the inbidencé'of éwaybaek and to
Lqecfegse'copper'absorpéion. No‘puﬁlicationéfhave»appearad‘in-this country,
: 'ﬁowever, which have reported on the effect of limiﬁg_on the blood end liver
'OOpper gtatus of the grazing anzmals. .-t wag felt, therefore, that this aspeoﬁ-
should ba exnmlne& and this forms Lhe basxs of Bxpellment 5. The effects
of hlgh 1evals of caleium in the diets of houaed sheep wexe elso examined end :

. this work is reported am Experinment 8.

" Dietary protein has heen_shown to have a mexked influéﬁbé on copper
absbrytion and stdrage in rats andApins. It was decided to see how it would
affect copper absorption in Bheep on low, normal and high eopper intakes. The

A

resulta of th;s investigatlon aye reported in prerlment Te

Factors a@fecting gcopper excretion.

Only a small proportlon of the dietzyy copper 1ntake is absorbed -
hpproxlmately 3% in the livexr of sheep - most of the remainder heing excreted
in thé faecesn Urina:y excretion of copper is,~under normal circumstences, very
slight ampunting.t§ only s§me 100 - 20@ ug/aay of a totgl intake of perhaps
15 mg. Bile always conﬁains copper and is probably the main vehicle for
its exoretion. Pert of inprawencusly injected labelled copper appears in the

bile and is then excreted in the faeces.

W
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'A numbex of organic substences ‘are known wbich affect coppér exeretion,
"yarticulérly by increasiﬁg the loss in the urine.  Their effectiveness in
copper ekcretion was digcovered during\thé treatment of patients suffeving
from @ilson'é Disease. Wilson's Disease, or hepatolenticﬁlar degeneration, is
an illness in umens which Cumings (1948) showed to be associated with elevated
copper concentrationa in the tissues,Apartioulariy the brain and liver. Cumings
advoc@téd the use of Britich Anti Lewisite (BuAoLe o dimaréaptopropanol) fér
, theAffaatment of-patienté Sufféringrfrmm thié-gisease.i Cumings (1951) and
,.Dennwarown and Porterh(1951) repopted.marked clinicaliimprovement in 8 large
.proyortion of patients tréatad with B;A,L. - BJAJLe is a.chElating sgent and wa
used io mobilise copper frqm the tissges gnd‘exdrete it in the urine. It was |
fﬁuﬁd to have unpléasanﬁ gide reactioﬁa; however, and its cupu:etic action 4id
not pe;siat if patieﬁts Qerégm@intained on it for any considerable pefiod of
time.. Responsge to it, therefore, was quits promising initielly but was not very

well maintained.

Bearn end Xunkel (1954) showed that ?Véféeno?. caleoium disodium
athylenediéminetetr&-acetate} was a powerful chelating agent for copper. It
had, however, to be‘givenfp&renferally as it was not very well absorbed from the
guts Despite its pawefful chelating abilit& it has given somewhat disappointing
therapeutic results. Bickel, Neale and Holl (1957) sugmested thet this might be
“due to the faot fhaﬁ puch & highly charged molecule might be unable to cross
the blood~brain barrier and vemove copper from the mein sites of toxic action

in the brain.

Walshe/
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walshe (1956) obtained a much largex'copper excretlon w1th 8 new chelating

Th;agent, pen10111amine (B-B dlmethylcysteine), than with elther B A.L. oxr versene.

X Penicillamine can be glven orally and has been proved very successful in

.‘;_.‘:merovinb the cllnical'condltlon of patlents sufferlng from w1lson's Diaease
yover ;onA perlodg.- If 1t 1s glven as the D-form no undealrable side effects

f‘:‘éréiﬁroduced,‘-~i

j~ Réceﬁfiy a‘ééurth-cheléfiﬁg:éééﬁt ﬁaéfbéén uéed'sucggssfuily iﬁ éhé:‘

{ _treatﬁeﬁf offWilsoh‘s DiSeaéé. This ib sodium'diéfhyldithiﬁééﬁbéﬁéfe and
>Sunderman, White and Sunderman (1963) reported that 1ntravenous admlnistration

7.produced a sllght 1norease in urlnary copper output and’ & distinot olinlcal

improvement. Oral adminiatre,tlonq did not affect urinary copper output |

but markedly increased the faecal copper output. Administration by thls route

however, effected no clinical improvement. in the patlent.

McDonald (1946) inoreased the urlnary oopper output of sheep by giving
intramuscular injections of B A L. but he found that the effect of the inaectlon'
“~persisted for 5 - . 8 hours only. Gunnlngham (1950) atated that 1arge doses of a

'fB A L. administered to sheep over a period of 5 weeks did not reduoe liver coppe:

‘f--.levels. Todd Gmaoey and Thompson (1)62) found that intramuseular 1nJectlons

' “Aof B A L., given to aheep whioh had been on a high oopper 1ntake*?did no» i"
matevially affect the averaﬂe éal]y output of urlnary copper but tnat during
_the two days of treatment the volume of urine excreted was nearly doubled.

o Howell/




"5Howell (1964) reported a- re&uotion 1n the blood copper oonoentratlon of

f~[rabbits whloh had heen inaected with sodlum diethyldithiocarbamate.

Apart fram the above 11ttle or no work haa been.publlshed on copper

f,;‘exo etion in sheep and The effect on it of dletary changes. It was decxded,

:“t_.therefore, to ohtain values for the urlnary and faeeal copper excretlon of shee;

‘ on normal and hlgh GOpper 1ntakes and to examine the effeet on those of

".‘intravenous 1n3eotions of vsrlous ohel‘tlngﬁ"gents. It wea‘hopad to,show that;

V»"¥éome, on ono, of these uhelatlng agents mtht be useful 1n th treatment of

' sheep suffering from ohronle coppar toxmcosls by reducing uhe liver cupper
'ﬁstores fzom pobentlaily dangerous ﬁo more norma1 1evels.£ This work 1s reported

?F‘jas Expcriments 15, 14 and 15. ;_f ;g}f;‘Ssi‘
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mﬁioﬁs FOR_(HE PRACTICAL CONTROYL OF dépjxgmn"'})mmm@? i m:ﬂvmisf

Slnce the inltial dlscovery that cappernwas an esaential nutrxent sever&l

: ;Emethods of counueractlng a dleﬁary deficlency have been tried. These include
"top dr6931ng “the pasture with copper sulphate. oral dosage with copper sulphate
~or other 3§1tsl.the provislon gf coppey»pontaznlng 11cks-£gr‘voluntary consqmp—-

’fion and %hé-iﬁjedti@nbf'cbpﬁgr compqdh&éﬂéither intreﬁenougly;»suboutaneously

' ;_or'iﬁhramﬁscﬁlarly. Lach of fhééefméthods wiii'be discussed separately.

l) The® Lffecrlvcness of Pasture Treatment wlth CuSO in. Conurolllnp Coppexr
DePlclencv in the Anlmal. R o

. Lee (1950), in nustralia, found that a sinpie applieatlon of 7 lhs. LuSO4
;?per acre, drilled in at seedzng, malntained flocks free from. all symptoms of’
‘deflcipncy for seven years. Comparable sheep 1n gimilar adJacent pastures
produoed steely wool durlng nost of these~yeav“ ) heep, introduced‘tOvpa%ture@
* five years Gfter trestment with copper, naintained h;gher 1ivar copper levels
than sheep on. simllar untreated herbage. Initially the liver copper concentro--

tion of all the sheey was 270 D- .n. After two years on the untreaued papturs

the 11ver copper 1eve1 of the ‘control sheep had fallen to 21 Dep .m., hi1e~that

- of the sheep on tha eopper treate& herbage had only fallen to 190 p,p.m. This

illustratgs the iésting effect of one treatment of  seven pounds of ¢0pper.
sulphafe ﬁer”éore. Howe&éf,Athis rate of fréatﬁent~haa néizalwayslprcved to
be successful in Australla. Dn a dlfferent 80il type it did- not oompletely
prevent the 1noidence of steely wool and & nunber of low liver copper

concsntrataons were also recorded.

Wandey/ .
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Munday (1963) in: Tasmania, considered ﬁhat 7 lbs. GuSO4 5H O per ‘acre
on 8- fine sandy 1oam soil inoreased the liver oopper levels of aheep for up tofif
ilve ytarq. He Supported this statement w;th cllnical i;ndmngs ‘on enmoetio

. ataxia and steely wool togather thh 11ver copper valuesof less than 23 PP I 53

= for sheep gra21ngxunltop drassed pasture. Vmere Lop dressing waa practieed

j;llvef;copper concentratlons were normal at 100 - 250 Do p.me On fhe ‘same sandycf!

B i‘fr,l f.'ASOll this treatment 1ncreaeed liver copper concentzftlons of oattlekfor ;

'f"sevoral ye&rs but onli?prevented severe scourin‘ for one year.. In contrast nhis

&;qame raﬁe OL breatment“applled on swamp or peatyisoils was efieotive for only

" one’ yoar in increasln'éllver copper concentrationq -in cattle._ Cunnlngham and
iPer*ln (1946) 1n New 3ealand feund that appllcatlons of coppev sulphate to peaty

' -90113 uore of no value in increaaing 1iver copper concentratlons of gra21ng rumin

,'-ants.: Bennatts and Beck (1942) 1n Australla and,Cunningham (1949) in Néw Zealand

{f?'have reported that pasture”top’dressing with copper sulphate is an effeetive

imethod of oontrolllng ataxia 1n

In th@ United £1H ‘qu Field}(1957) prevented coPper deficlency in oattle

JZ[Lin East Anglia by top’dre551ng ,he pasture with a spray of a solution of 10 lbs.

'fbub04 5H 0»per acre. Twenty s 5 per cent of oalvea grazing untreated pasture.:

":f'dGVQloped symptomsaof copper deflcienoy 7 nﬁﬂtcases the symptoms were severe. f

" wh11 €. no suoh symptomsAwere developed*by calveslgra21ng the treatad herbageﬁi.

ﬁgfﬂérbage copper aoneentratlons werevnotJAuoted._;Mbrgan and. 1egg (1958) prevanted

'1.3;deflciency synptoms in calves gra21ng ln.afpeat so;lnarea 1n Lancashxre by t0p: .

dresslng the pasture with coppex-"sulphate.\
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"éfj Qb?uThe-Effééfivéﬁess:6ff?b1ﬂntar§éGOhSUmﬁﬁibnibf miheral”iické EShtéiniﬁgxcophé
Supplying copper-contalnlng mineral 110Ls fbr voluntary conaumption by ewes
51ﬂwas one of the enrlxest methods employed in this country for fhe control Qf

;fswayback. The 1dea was that the ewe would consume sufflcient of the lloP to ‘&,

nt'correct any copper deflolency fhat n1ght be preaent. ?f-}’”31¢

nunlop, Innes, Shearer and \blls (1939) raported an experlment where they
Jk collected Tore bhan 200 ewes from 40 farms 1n Derbyshire.: These were div1ded
f;inﬁc threa grﬁups and put on, To 300 acreb of lund uhere SWayback~was known to

‘?joccur.‘ Ono group of 50 sheep wasg. uged as. a control; a second groun of ;5 shee;

- ;fﬂhad aceebs to llcks conta1n1n5 l Of copper sulphate for pcriods ranging 1rom

r'12 weeks to 4 weeks bsfore 1ambing The thlrd @roup cf 104 ewes. was givcn aoces
"to & llck oontalninp 0.9% copper dulphate for pcrlod similar to thoae given to

the second group. ‘Twenty fivu per cent of the ewes 1n “the control ﬂroup gawe

o birbh tQ swayback lambs.f Thera was g total absenco of Jwaybaok wher@ copper was

fed for 12 weeks prlor to lamblng and whele 1J 6opper sulphate was fed for the

'last 4 weeks of pregnancy only'one lamb out of seventeen had swayhack. waever,

.7;’ where O.Bp oopper sulphate was feﬁ for this pexiod th@ incldpnce of swayback waa

1jaa high s for the control group.w Prom the 1nformatlon presented 1t is

:‘;1mp0551ble to assess how much coPper each ewe consuned. Also no account was
gtaken of tha copper suppliea by the 11 1bs.~of supplementary feedinb per ewe

per day glven from Decembar to April.- This would aocount ior 1arr9 A

‘ proportlon of the ewes' food requirements 80, that the amount of 00pper suvplléd

“'fﬁfby the "swayback“ herbare would be negllgnble.r

:Lﬁﬂén/ |
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a Eden, Hnnter and Groen (1945) reported on the use of coPperised

brlquettes ofiieveral oommercial brands sold in Derbyshire; on eighteen farms

in that area.*'The overall ino;denee of swaybaok found was 6 5%. On. fliteen

. o? the farms the 1ncidence was only 2 OV while on the remaining three farms it

' was of the order of 27 0%. Thus on most of the farms a voluntamy consumption ?*
~of oopper was effeotive in redu01ng swayback.r The offered amount of liok per
ewe varled from 7 - 39 ounces wzth 8 mean of 24 oz. per ewe. Thls would beA)z

f equivalent to- 14 mw Gu/day durlng prognanoy if- the briquettes oonuzlned-b 3% Gu:
On the throe farms where there wps the high inoidenoe of swayhaok the offered |
amount per ewe ranged from 18 - 31 oz. The licks were not analysed for thelr

’ coppor concentration go it is pos31bleAthat these three were low in oopper or.
else an 1ncorreot oonsumption ruta was assumed. On tho baois o: these resultsSJ
it would seem- desirable that copper licks should conta;n at 1east 19 oopper o

sulphate when fed for the sooond half of pregnancy.'

»;3)' Tﬁé Effeéiiveneés_ofiofél”&osiﬁg_wi%h Gobpef Sulphato.-

Hunter, Eden and Green (1945) and Eden et al (1945) concluded experlments .
to investigate bhe effeotlvenoss of oral dosing with oopper sulphate to reduoe
the high inoldenco of.éwaybaok whlch oocurred on’ five d;fierent forms in '
Derbyshlre. They had oontrol groups totalling 185 ewes and other groups of

tho same number whloh were treatsd fortnightly wzth O 5 g. Gu 0 5H 0 ;:7'

40
(- 125 mg Cu) throughout pregnancy. Blood samples were obtained from the

ewes a) beiore tleatment in Ootober, b) after 5 doses in January, c) after a -
further 4 doses in Maroh and d) sometlme after lambing in May.f Thase~resu1ts‘;

are summarised 1n Table 5. ”i*.‘
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© . Table 5. Concentration of coppe:e (p.p.m.) in the blood of ewes glven 0.5 {;

GuaO,.&K O each fortnight throuphout PLALNaNcy and the incidence of o
sngback in thelr lenibs (Hnnter oh al.\l945. ‘and_Fden et al, 1945)

oampling Date .. Qct.  Jan. Mex,: Moy = % Incidenoe of. swayback
- ' i} ' T (30 =70 lembs per gkoqg)
Eanggi»hhth copper - 0434 0446 - 0.76 0,56 . S0 -
o No ‘copper  0.37 . 0.27 = Q.34 - 0-39;'~ Do B4
Farm B With copper 0;721« 0.62 lv*0.77'1é O 6?3 o ’O}A
. No copper 0.80 " 0.44 ~0.51 0.)6~, "3
Faxm C - Wi‘th copper G. 29 o, 36 . . Q.52 Q.34 8
Farm D With copper . 0.7L  0.56  0.57 = 0.71 . 5
No copper 0.69 0.42 0.36 0. 54' 5
Form T With copper 0.28 = 0.34 - 0.68 0.5 0
- No oopper 0.29 . 0.24 0.35 0.40 10

The copper coneenbratlan in the blood of ﬁhe control ewes generally Pell
from Oebobnr to January but there was some rceovery by lamblng tzme in Haroh
and. o further increase by May. he cuaul&tlve effect of drenchas of 0.) g
GuSd4.5H20~givgn by mid Janﬁary was to mainﬁain.the_bload copper~leval of the
treated ewes at their Qetober values. Turther administration of copﬁer‘:
between Jamwary end March, howé%@f generally increesed. ievels to aboﬁt 0.5 =

0.7 pap.m. It 15 interesting to note that in none of the flve emperiments did

,lthe mean blood coyper concentra%ion rise above Oe 77 p.p.m.

on/



| of 1 125 g Cu dS copper sulphate oompletely controlled swayback at farms A and E

_mmexa the mean blood copper concentrations were raised to 0 76 ana O 68 p p.m. $
trespectlvely. In contrast cn farms L and E whére the medn blood c0pper concen;:
'ﬁtratlons at 1amb1ng were 0 b2 and 0.)7 p p.m. the inuidence of ﬁWByb&Cn-wdS 8 |
‘ and 5p respecﬁlvely. Blood copper concentratlonb vetre hlgher, ana fh@

‘lncldencc of " sw&ybaok negllgible, on faxm B where the ewes were better fed.»

In these experiments 46 ewes - 40 control and 6 treated m.gave‘birth tovswa
;back 1ambs.» The blood coPper concentratlons of those 6 treated awes did not :fﬂ
f:rlae as a reéui{ of reﬂular drenchang aﬁd wero neVQr above 0. 30 p p.m.' The meéﬁ
x”blood copper levels (p p.m.) of these 46 ewes. were 0 35 (1n Octobpr). 0.23
(1n January) 0. 25 (in March) and o jO (Jn May) i In the ldﬂt blood sample o
obtaaned before parturltlon only 5 of 1hese 46 ewes ‘had more than 0.40 Do p.m. Cu

“Twenty two of tne ewes had blood copp@r concentratlons below O ?0 p.p.m.

_ 4) Thé‘Efféétiéenass 6f§Cbppgr Injgctionéfgki
. The adminlsbratlon of oopper by 1naeot§on wag' 1irst recorded by Green ‘
(1949) - He 1ndleated Lhat 20 mg Gu ao Lhe sulphate glven 6. weekq befove

parturibion controlled demyellnation of. the foetus of the ewe.v Whe ooppar ;_;ff

vas/ -
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wasg only slonly*allmlnated and sufflclent was stored in the tigsues to meintain
 the ewe ana lamb over an 1ntervening period of copper 1nQdequacy._ Green gave :
"no supportln QV1dence in thls reference for this statemant but wad prohably o
quotlng the work of Allcroft Inter end balt (lﬂ46) which was not reported

until 1959 by Allerof’c, 0195;{{ and Uvarov (1959)

Apért_from-this early experiment, publication of whiéh;waé‘delayed-for
13 yéérs, moaﬁ of the woik in the development of e0ppsr-injectioné has been
underteken in Australia'andNNew;Zealand. The impetus for the work wss 1érge1y
concerned w1fh the lnhlbltlon of growth, and particularly the poor qualxty of
;_the wool, in sheep in arveas uhere ‘copper sulphate treatment of wide areas of

agrazing was not feasible.

ﬂépvey (1952)1ﬁdfking in Queenslend, investigated the potential velue of -

alwidef¥ange of copper compounds given by subcutanéous'injection. Tach |
injection supplied 50 mg Cu. Highly ionised coﬁﬁergsalts such as the sulph&te,l
acetate and'bcrogludonate were highly inflammatory producing severe nedrosis and-
'were unacceptuble. weékly ionised %élts Buch as the néphthenate, citrate,
oleate, asparaglnate end caselnate were generally unsat;afactory when given

in aqueous suspenaion with tragacanth. Severe abscesaeﬁ‘formed and much of thef
. copper was exuded from theae on burstlng. Even when administered in peanut
oil there were marked reactione et the site of-injection;-\In~contrast copper-:
8 - hyéroxyquinoiate, injécfed in péunut oil,.produeed little reaction:and Qas |
largely transported from the Bite w1thin.24 hours. In ench' case Harvey raoorded
at 90% retention of ‘the adminlatered copper in. the an1ma1 badlng thls on -

urine/
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‘urine and faecal analyses of sheep maintainedﬂaﬁ'a<constant‘dief“in metabolisnm

cages. .

7 Harvey>(1953) reéordédAa further series of trialg where the copper
retention was again basaﬁ on balanoe trxals but where some 11ver blopsy sampleu
were also obtalned.- In contr&st 1o his prev;oué findings he reported that
.' only 10ﬁ of the copper from coppefu8-hydr0xyquinolate reached the liver and that
 the remalnder was, eithex: exuded from ox retained in a w&lled-off cold abscess
at thg‘slte of 1ngect10n, - However he found that copper ethylenedlamine tetraf'
écetate wﬁs well~retainéd-iﬂ thé 1iver. Doses supplylng 80 - 225 mge bu, however
1caused marked 1ncresses in urinsry copper excretlon, 1nduced severe haemoglobln-
uurea-and‘cguseﬁ death.in periods which renged from‘4 hours to 8 deys depending

on’the déée_admiﬁiéteéed.' He éiéo reported that 100 mg Cu, as copper glydine,
leen 1n a elnglo dose at one site, prodnced severe tleue damaﬁe and was
’potentlally very toxic. 50 ng- Cu, as. copper glycine, glven at each of “two sites
':produced only small 1e31ons and was con51dered a safe quantity for practical

- gdministrayion.

| The use of subcutaneou° 1n3ectlons of copper . Ulycine in an 0il baae, was

' .further 1nvestigated by Sutherland, Mbule and Harvey (19 55) 80 mg Cu in. thla
form (2.5 ng - 4.0>mg/Kg) was fatally toxic and amounts ranglng-from-S - 60 ng-
ihjécted;ihéide‘%he'rear:ieg proﬁueéd:markea lameﬁeSS'within.é4 héurs.‘ They

: conoluded that conper 31yclne supplymng 40 ng Cu (1 25 mg/kg) was a safe dose~
to . 1ve behind th@ shoulder but that en increase in dosage to 2 - 3 mb/Kg gave_:

“ 'marked/



marked reéctions at'thé injéctioﬁ site. This sxze of 1nJeot10n (40 ng Ou)
E increased the mean liver copper concentratlon af 8ix sheep from 157 to 488 Pepol

': in the dryAmatter.'

Cunnlngham (1957) has 1ndlcated that although 5 1bs of copper sulphate per
.acie as a pasture top dress1nb is useful under New Zealand oonditions, its use
is 1mpractlcable in hllly areas. He recorded that )0 mg Cu, a8 the sulphate,
-glven 1ntravenously waa 1nadequate for copper deflclent animals ‘where there waa
an- excesalve molybdenum lntake., Larger doses were, houever, quite unsafe.; He
'1nvest15ated the use of copper giycane T qupply;ng 30, 60 and 120 mg Cu
_ admlnistered to sheep elther as an &QUEOHb solutzon or 1n marrow fat.; leer-'
:_oépper storape -of the aqueous solutlon when lnjected subcutaneously was only 42
fcompdred to a 72% storage when given 1ntramuscularly.i There wag llttle dlfferen<
i;in the . storage 1atssbetween the two routes when the copper giyclne was mixed
‘*iw1th marrow fat. The mean 1ncreuses in lxver oopper concentratlon 30 days after
B the adminxstr&tlon of 30, 60 and 120 mg Cu were 81, 191 and 314 p p.m. respectiV{

‘5Thls represented a mean storage of 70% of the injected copper. ,f“

Cunn;ngham (1959) 1nvestigated the usefulnesa of subcutaneous qnd 1ntra-lya
i:muscular inaeetlons of copper cltrate and the cuprlc-bls~8~hydroxyqu1nollne 5 -

B disulphonlc aeld salt of ﬁetradlethylamlne (Dmcuprene) 1n the hope that they

" might: produce less tlssue reaction thun copper glyclne in an oil or fat base.,,y

"”:;Copper citrabe (152 ng = : )2 mg Cu) given in- elther a baeswax/beanut 011 mlxture

'kiﬂﬁ’or wlth beef fat/neats foot 011 produced massive reactions at the 1n3ect10n smte

.V?where/
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where up to 50 ml. of>pus was recovered. Soma 24ﬁ (18 - 30%) of the injeoted

-COpper Was recovered in the liver on slaughter after 18 days.

‘Dicuprene which contained 6. OS% Cu was admlnistered either as a) a 10%
soluilon in galine or b) as the cerate formed when mlxed with beef fat/neat‘
foot oil. There were no untoward reactions at the injeotion site but 3 sheep
given 60 ng copper and 1 sheep given 4) mg copper in this foxrm dled. " No trouble
was experlenced when 84 hoggets we?e injeqtgﬁ with 30 mg Cu a8 Dlggprene: Thé' 
mean liver copper concenﬁrétion of‘@fsheeﬁ‘ihjected with 45-mg'buiihcreased by:
:éOj Pepome within 14 dayé‘whigh rep:esented an almost complete tr&nsfer_qf.thé

injected copper to the liver.

Fearn and Mabel (1961) have investigated the respective values of
injections of copper sulphate and copper glycine for improving fleece qualit&
in Australian sheep. %wo of 75 sheep given injections of 30 mg Cu, as the sulpha
in 15 ml. saline died shortly after treatment. In the r@mainder‘liver copper-
concentratlons 1ncreased from 18 PePeite (pre-treatment) to 127 p.p.n. some 6
weeks after inaeption-but thereafter decreased rapidly to Gﬁ'p.p,mg‘and 28 p,p.m.
by 3 end 6 monthe after injection. Gopper glyoine injections (= 45.mg Cu) given
in an 011 ‘base increased the mean liver copyer concentr&tion to 212 pep.ne
‘sixrweeks,after t:eatment but by six months after 1naection the mean level
had fallen to 47 p.p.m. In a number of trzgfs‘fhe incidehcé of steely wool
found un&er copper deficienoy conditions rqnged from 80 - 100%. In contrast

where copper glycine treatment was given every six months almost 90% of the

sheep carried normal fleeces.

Hemingway/




4 p p.m.) of 8 simllar untreeted lambs.‘ The'meanu

fv_'liver copper ooncentratlon_vf the inaeoted 1ambs was aleo elgnlficantly
(P<.0 05) hlgher “than thet (151 Db m.) of 8 Pubther lambs, 4" of which. had been.
o and” the remaln:mg 4 wlth 3=5-8. CuSO45H20 J.n separate drenches of 0. 5g.CuSO45H2{
j-drenohed w1th 2 0 g UuSO4 5H 0.,/Fifty elght per cent of the oopper inaected

‘_1ﬁas copper glycine was, stored in th‘iliver compared with only 24 4& of the copper

glven ae the 00pper sulphate drench.ltFive Of the eight 1n3ected sheep had absce

. fabout one 1nch 1n dlameter, at the inaeotlon slte. Theee persisted unt11

.‘5

'1~ffeleughter 13 weeks after treatment. Blood copper concentrations were temporaril

"tk-?increased in the 1naected eheep ‘but they were not maintained at elevated 1evels.

Gopper 1naeotions are now belng ueed in Brltaln for the control of swaybdok
in lambe. The general rccommendation ie that they be admlnistered eubcutaneousl

."f behind the ehoulder and,not intramueoularly in the leg where they may cause

‘ {flameness. Only one . publlcation hasg" appeared in Brltean, however, coneerning

<

bheir efficacy with ewes whleh may potentially give blrth to swayback 1amhs.»le‘

This wes by Allcrbft Clegg and Uvarov (1959) who reported an exnerimenn
 where: they treated 64 eves with 45 mg Ou, as copper glyclne, and had a furuher j
64 ewes ‘as untreated controle. Thexe wae a previoue history of swaybaek on the
-:farm. The ewes could be lelded 1nto 4 gmoups; 2.groupa of 54 which had heen 1
'more than a8’ year on the farm and 2 groupe of 10, ewee Whlch had been recently :
'l.introduced 1o the farm. The mean blood" copper coneentrations (p p.m.) qeco;ded;

were? /



- weret.~

. R l@ﬁﬁ&kéx T;: lhéhuang Feb ruary ‘f  :?*
54 treated ewes. f Q.22 1 0.08 - 0.69f'(f., ,“0-40;'
04 uyixeated ewes 0,26 - 05 0,207 | . 0.200
10 troated sues ‘-0-;75 S 00 00 0.50,
10 untyeated eves. . 0:88 . - 0.35 il 0.5 0 048
*im‘?dmély priok to injection - *¥ 3 - 4 vecks after lembing. .-

| The injectlon or copyer glyclne subatantially 1noreased the copper
concentration in the blood of the 54 ewes of 1ow 00ppar status hut by 8 few weék<
:»after lambing the 1eve1 vas starting to fall. There were smaller increases for
the 10 ewes wthh were inltlally of rather higher copper status but in both
_ groups mean blood copper concentratlons in 1ate pregnancy were in bhe oxder of

0-70 :p I).I’ﬂ. ]

Alleroft et al. detailed the llver copper concentrations of eleven lambs
.born bo control ewes whlch had blocd copper concentrations at 1amb1ng below 0. 10
De p.m.r Tbn of these lambs, recovered from B ewes, exhlblted pa+holoslcal evidenc
'“of swayback the onset of whlch varled from 0 to 39 days after birth, The mean

‘llver copper concentxation of those e)even 1ambs was Tol p.p.m. (range ).2 -;2 ;
' 8.9 p. p,m.). Whilst these eoncentrations are very: 1ow it should be noted that |
only those 1ambs with clinicel swayback yere-examined. The  total incldence of "

aﬁaybéék in this group was 15.6%.

Lamgé'were‘ébtainedffrom sixfofAtﬁérinjectéd eﬁes;-five éf which haduﬁloéd -
copper concentrations in the rdnge 0.5 = O 8 p p.m. The blood copper concentra-
-blon of the sxxth ewe neVer rose above 0 1 Pe p me and it gave birth to a swaybac}
:élamb w1th a lxver 00pper concantratlon of 5.6 p P m._ Of the remainlng flve lamb.

on? was unable +0 rise after birth and it had a 11vcr copper concentratiqn
of T - S . -
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of T+6 p.p.m. The vemainlng four were either atlllborn or were found dead and
had 32, 46, )2 and 250 p. p.m. of copper in their liver dry matter. The mean
llvcr oopper concentratxon of these six 1ambs wes 67.4 p.p.m. but the stendard
deviation was as h;gh as‘i 96.4. These six lambs, however, cannot properly

-be‘regarded as'azféir sgmplé of the'lambs born to the injected ewes.

A statiatical evaluatlon of thc data given by Alleroft et al. shows that
:the 1nject10ns, whlle haming a noticeable effect on lemb liver coyper R
conoentratlons did not have a sbqblstically velid effect (t = 1.52). Néverthéléé
the ;njqctlon reduced thezlngldence of swayback frOm 15.6 to 1l.5%. It was pérhmp
unfortunate thét go few lambs Were examined-from the'injected eweé anﬁ that suech
. a hlgh propertlcn of then wera either utillborn oxr found dead. HEmingway, Inglls

and Brown (1964) have shown that the concentrations of coyper in the Yiver and

~ki§ney of;stillbarn-or foetal lambs ney irequently be-excgpt;onally,hlgher than
thoge in normal lambs aﬁ;birth. They recorded values of 76 - 440,p,p.ﬁ. copper
in the,k}dney.of stillboxn lembs compared to-a normal meaﬁ\copper eoncentration
of only 11 p.é.m.v Simllarly where the mean value for the 11ver of normal lambs
was- about 10 p p.m. those found for stxllburn lambs could aometimes be as high aa

55 - 90.~p,-p-m-*

4 Allcroft et a] (1959) 8150 reported gome w01k und@rtaken by Alloroft, Hunter
. and dalt (1946) whlch had not been prevlously published. It is of interest

‘in that it was conducted on the same farm as the’ 1939 experiment. Allorait '
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7 :ret al (1946) admlnietered ?0 mg Gu, ae the-sulphete. 1n physiologreel eeline to
. 34 ewee of 10w copper etetue in mid pregnancy., Ewe blood copper ooncentretione
-}.'increeeed from a pretreatment 1eve1 of 0 25 p p.m. in Januery to 0 55 p p.m.

in Februery. A meen velue of 0 50 p p.m. wes recorded after 1ambing in Mey.
i_';None of these 54 ewes geve birth to ewayheck 1ambe.- In contrast the mean blood‘
ffcopper concentration of 54 untreated ewes remained within the range 0 22 - 0.32

Do p.m. from Jenuary o Ney._ Theee ewes produced four eweybeek 1embe.,\'

A further possible uee of.copper injeotmone 1s in the eerlr treetment of
o 1ambe born in flocke where ewaybaek 13 prevelent and where no prophylaotrc |
a_treetment hae been glven to the ewee durlng pregnenoy.‘ Alloroft Buntein
»t¢ and Rowlende, (1965) heve reported the resulte of observetlons mede at three
;fcentree where oopper (ae the copper oeloium ethyienedieminetetreneeetete)
:".wee 1njected suboutaneouely into 1ambs ranging in ege from 2 daye to 7 weeks.i"_'

-Their reeulte are preeented below.;f”

| “ (moow) o Aag ¢ Noiof lambg - No. of Deathy -
00 g deys - 5 weeke 159 S 9
| N ""50' o2 da.ys "i7-:weeks Y- BERERE § SR

It is not olear why sueh 1arge doeee were employed when it ie ooneldered__
’ that only 45 mv Cu ie the recommended sefe quentrty for an edult eve. The

'; efflcaey/
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-“effioacy of the treatment in swayback control was not reported. Deathe “
oceurred at from 24 - 72 hours after treatment but not-all of Lhem were associatt
with copper polsonzngwor even with hlghacopper levels in the{tzsaues. Oedena

‘of the lung and e sreat concentration of pleural fluid were frequent. symptoms.

Allcroft ét al,(1965) did, however, repérﬁ-th&t copper‘caicium EDTA was to
be preferréd to c0pp9r~g1ycine for use both in adult sheep ané cattlé'beééuée
of fﬁe‘ém&lleé'risk of weaétion at the injection site and the better absorﬁtion
of copper which occurred. They iﬂdicated_thétjit had been administered to ewes

in mid pregnsncy for three consecutive years 6n‘a farm where swayback was
endemic end that good protection hed been obtained. They did not; however, quot

any enalytical or supporting date.

All thesé four methods for controlling swaybgok have heen sﬁccessful
in reducihg losses td quite low i@ValS in some cases. ane'ﬁave been entirely
successful.. The least certain of the four is the subply'bf mineral licks for -
voluntary aonsumgtionﬂsiﬁce’thape ig no méans of-enﬁuring that the ewes consume
aufficiént copper to'supply'their own needs and-£h0°é of thé déveloping foetuses
Thla method haa now, to a large extent. been superoeded by oral- dosa e or 1naec-

tion of & controlled amount of c0pper,

Pasture treatment wxbh copper uulphate has proved qu1te ﬂuccessful in
Austrelia but it has not really been tried in this cowntry due to the dlfflculty
of adequately covering 1arge tracts of hill fround and thug ensuring that the

herbage/



f“‘herbage was,gettlng & un‘f rmly equate.auppwy»of copper. Also the fear thatjr(

'sheep might oonaume exsessxvely 1arge amounts,of aoppe ,rver a. 1ong perlﬂd has;ﬁ*

'ﬁdiacouraged the use of thls.fo ftreatment.*ihxperlment 4 was designed to

_;d1scover tha effect of pasture”treabment thkaco‘per sulphate on the liver uopper

:content of sheep and to aee whether:this was affectsd by dif erent rates of

i;wappllcation of nitrcgen fertlllzer since nltrogen appllcatlona have baen reported

:to increase herbage copper concentratxon. It was also hoped to discover whether

‘Aji:‘there was any risk{of chronmc copper toxicity due to the long term 1ngestion of
L herbage which. by Australian standards, had been glven a heavy appllcation of n

As the admlniﬂtratlon cf copper by'lnaection de# now the favoured means ofv&}

controlllng sway%aok it‘wavuoonaidered useful to obtaln further informatxon

concerning the value of inaeotable copper pxeparatlons on farms where swaybackql
<;§1s a. problem.  These 1nvestigat10ns covered the effects of 1njection on. ewe

a‘and lamb blood copper concentrations and on{the concentration of coPPer in the“:

”flivers of 2 representatlve number of 1ambs shortly after bmrth.’iThi'Vwork 1s C

'reported 1n Experament 6
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:.nbpp'éf@oisozﬁ‘m“ih-'sﬁ‘eép" L

The‘oocurrencé.af“ao;te coppér poiéoniﬁg in animals has ‘baen known for a -
1ong 'b:.me. Relmers (1908) reported death dup to aoute ‘copper: poisomng, |
~j{in ﬁ foal whloh had been gra21ng in a fleld of wheat recently sprayed with
¢ g_copper sulphate. Theiler {1912) experimentally produoed aoute oopper i
ﬁfA;poisonlng 1n sheép. He found fhat the single toxio dose was about 20 mg Cu/kg -

'j b9leWeight.

Confusmon ex1sted for 8 1ong timc over the @xtstence cf chronio copper  .,f1

*ip01soning4and even as rocently as 1920 hWntev Blyth held the oplnion that it

ygﬁfdid -no: ocour.ﬁ Trua éhronio coppev polsonlng was flrst nroduced experimmntally;i

‘ ?w¥;by Mallory_(1925) in sheep treated wifh oopper oompounds. Sinoe then lL has been

‘: rcportedfin'sheep grazlng 1n orchavds whlch had beon sprayed with a copper

',containing fungicide (Beljere, 19)&) and xn sheep in Texas which had been glven

«E,ﬁgiree acoess to 8" llch contalnlng copper aulphate xur Lh@ control of inﬁernal

'ﬂ?; paraaiteq ( Bou hton and Hardy}1934) These latter workars gave a detalled

reporu of the clinical aspechs of rhe dlqeuﬁa.-‘

The first 1nstance of acoidental ohroniemcopper poisoning ln Britémn
ﬁ?Aocourred in sheep gra31ng neax 8 smeltlng works in ‘hles (Blsset 19)4) The _‘
- 1iﬁcrature has since carrled a 1arge number of reports of accidental and ‘

in.expér;montal cases: of chron:c conﬁer'p01son1ng. These have:been rey&ewedrbf B

‘Ed.en/



Bden (1940 - 43) ond Todd (1962),

'Tﬁefé is also & typé offthbnig:dopﬁer poiéoning‘whiéh occurs in shéep in
Hastern Australia graziﬁg’a ﬁrédominantly,subterranean élover Pasturewwhiéh has
never heen tréaﬁed wiﬁh,supplementary-copperr 'Thelbccurrence haé beén éttiibptéﬁ

toitEQJVer 16& molyhdenungpﬁigpt“Qf‘thé:hefﬁage.._Ghronic\ooéper po;soning
exists in yet ancther forﬁ in Austra;ia in-éréas'whara the weed, Heliotropum
curopaeum, flourishes. This weed oontaiﬁéfan’alkaloid - lasiocarpine ~ which
cauaes atrophy of the 1iver cells and this in itself can be fatal., The
consumpt:on of th;s alkaloid apparently couses an increased av;dity of the liver
cella for copper énd if the animal then-has access 1o grazing which is high in
copper 1t w111 rapldly stoxe toxic amounts cf acpper in the 11ver. Buil 'Albisto

‘Edgar and chk (1956) termed this type as “hapatogenous ohronie copper- polsoning"

- Qeocurrence of Copper Poisoning,

Most éf the early cases of chronic-§opper poisoning reporﬁed resulted frog?
the grazing of orchaxds where copper -sulphete had been e;tensively uged as a
fungicide (e.g. Beijewrs, 1932; Fincham, 1945; Lafenetre, Monteil snd Galtier,
1935; Muth, 1952 andvﬁgilvie)1954); Gthef outbreaks have resulted from treaxmenf
of pasgture with qbppef sulphate to correet a deficiency (Pryor,1959) or to
ill snaile as & measure in éontfolliné liver fluke (Gracey end Ebddvl960).

‘Deaths/
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‘Deaths have also occurred where copper-containing mineral licks have been used

as entibelmintics (Boughton and Hardy, 1934 and Guilbride,1963).

‘ Bigh Jevels of adpper4iﬁ feediﬁg stuffs, some of which were intended for
- growth promotion- 1n “bacon plgs and were - fed elﬁher mnadvﬁsedly oxr 1nadvertent1y
to sheep, have caused deatha due to chronlc adoumulation of copper (01353)19)6
Pearson)1956; 'Berwyn~Jonea)l9603 Kowalczyk, Pbpe and Sorensen91964, and
Ross)19éd) One similar cage has beenAreyorfed in an a@ult Jersey cow feq for
6 months on a bacon produotmon conﬂentrate containln 200 p.p.m; Cu (Todd aﬁd

| ‘Grlbben,196g)

Ohronlc ccpper pOlSOﬂlﬂg in sheep has been pro&uoed exparimentally by Eden
" L(194O - 45), Sutter, hawson. MeKaeown and’ Hﬁskell (19)8), ded, &raeey and

: Thompson (1962) and Barden end Robertqon (1962)

Hbused sheep have been 1epocted to be particularly Busoeptlble to chronic
coppex pomsonlnw even when the dlet contplnq onJy a sllghhly elevated copper
content (Blac@well 1958-f Tadd, 1962, and Hill and willlams, 965) ' enior
,1(1))9) Teported death in a houssd sheep whlch,vecolvgd no aupplementaly copper -
with~1ts diet. waever, thla sheep apparently abtalned extra copper by chewing?

Lt a copper plpe conneoted to 1t8 w&ter bowl.

8 Géﬁrsé'of”the~ﬁiéeaeea:{;ﬁﬁf
Pden (1940 ~ 43) descrlbed the development of the diaeasa 1n four distlnct‘:

sta es. Pirstly a. relatxvely 1im1teﬂ absmrption o; copppr from th@ inteqtlne

:ftakes/
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;takes plsce even uhen the intake of oopper is hxgh. Secondly thore follows , :
A :an adequate elimination of ahsoxbed 00pper ln the blle and urlne and poasibly :
throubh the 1ntestinal wall with limited copper storage in the 1iver 80 that
5 4blocd copper ooncentrations do not rise materially in the early stoges.':Thirdly

thero is gradual functlonal damage partioularly to tho liver with slowly rlsing

“* l~b1o0d copper.\ Finally there ensues a sudden breakdown of elimin&tion

mechanisms with pronounced lesions dinc the lxver and kldneya assooiated with

V icterus and with a shamp premortal rise in: blood coppar conoentratlon.

ri‘od.d (1962) describes the outstanding feature as ‘a sudoon and extensxﬁe E
) haemolysis which results in ha@moglobinurea and Jaundioe.f Thls haemolyais oano‘
be 80 severe that the blood paoked oell volume (P.C Vo) falls from around 40% ;
" to, about 10% wlthin 48 hourﬂ.; The blood becomes chocolate-coloured due to

‘the presenoe of methaemoglohxﬁ.‘_ Elevated temperatureo and inappetance are ,a}?
.other features and depression ensuoa w;th marked dyspnoea in the ﬁerminal _”ff:

stages.
K BN

At pos° morbem the . carcase is gonerally jaundioe& and Lhe cirrhotic 11ver”f

ii}fvaries in colour from yellow 0 omange to a muddy bvown. The kianys are - dark’

‘“.coloured w1th a metalllc sheen due to- the deposltion of haemoglobln products

and they can be on ocoasion qulne enlarwed (Kowalczyk et al., 1962) Tha gallff
7;N¢bladder is usually dlstended and the bledder oan oontain dark red-coloured urine

?‘The spleen_is enlarged and congested with a, aellyulike eonsistencv. Exogss ‘QS;

.perlcardlal/




~pericard;al fluid cen be found and alqo epicarﬂial haemorrha jeg.

De enexatzon of the cells and centraa necrosis of the lobules of the liver
are the main histological“features. In the kidney ther is engor,ﬁment of the
uriniferons tubules with broken down exythrocytes and haemcglobln der&v&tlves.

Tubular necrosis haﬂ also been reporued.

Tigsue C(opper Distribution.

 Blood fnd Plasma Copper Concentrations.

Edén.and Green (1939) examinéd.theiwhble blood end plasna copper
concentrations éfYéﬁaep and found them"to be virﬁually identicel. They then gave
inﬁraVQnous injectionq of copper (50 - 80 ng Gu) and fulloued the ehengeb in
the whole blood and plasma copper conoenﬁrntiona. Durlng the first hour

‘following injection the plasma: copper eoncentration increased more rapidly and
reacﬁed highey levels than did tﬂe vhole blood copper. In one sheep, whiéh_died*
five days after iﬁ&ection;'the plasma, copperxéoncentfatidnureacﬁed a level of
5648 pepen. OnE ﬁ&ur afﬁer injection‘compared"fd 23%.8 p;p.m; for the whole blood.

Both levels equiiibrated‘again gonle six hoﬁrs after injection.

 Normal blood. copper‘concéntraﬁions range from 0.6 - 1e3 pepents (Eden, 1939;
Boxlow et al,19603 -Bleek‘ ,1955). It im been geﬁemny accepted that the blogd
copper conoentrations of sheep remain uithin this range durlng the period of
nﬂ,copper-accumulatlon 1n’the liver until about 48 hours befome the appearance of
'ullnical symptoms when they suddenly and markedly 1ncrease. Only Sutter et al,.
-f(19)8) have dlsagreed with: this viewpoxnt. T experxmantally induced coPper

peleoning/
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.1p01soning 1n sheep they have repor ed increased Berum copper conc@ntratlong ?rom

5 to 35 days before death. iThe 1norea es reported however;were not very vreat -

“";the hlghest value quoted was, ?.36 p.p.m, Ca. Once. the haemolyt;c crlsis takes

pluce death ig- reported to ogour WIthln a matter of a few duys in- Britash breeds

'*A01 sheep. Australlan merino sheep, howevcr, have bean reported by'marston (19)2]

"*“;to be able to qurvive a number Qf urlaes befbre they succumb.

e

".Liﬁeﬁiand:ﬁidnényOptgg Goncentratidhs}7:
The nonmal liver coPper conoentrafions in sheep ranges from 100 - 300 p.p.m.
In chronxc eopper poisonlng the liver stores 1arpe amounts. of coPper and when

{6eath occura concentratlons are u,u¢11y in etcess of lOOO p p.m. and con exceed

.‘?999‘999.:11. in the d?fym&tt?%'\-.- o

ﬁ'-ﬁ;The kidney copper eoncentration in nurmal sheep is generally 1eSb than 20.0
éng.u.m.. In copper p01soned sheep fhe concentration can rlse to more than 1000

‘:;p p.m. (Eden 1940 - A}) and is almost aluayu more ﬁhun 50 p.p.m. H0wever, 1f the

A";sheen survlves fax & few days iollowlng the 1nitial crisis thu km&ney copper

;g’level can daorvase untll it ia only sllghtly ahnve ncrmaj.'»m-iﬁ

The conpev content cf tho other tis ues uoes not vary very much bgtween <

Aifnormal and COpper p01soned sheep altheugh thu bpleen can someflmeq bhon
;fincreased value».t lable 6 presents the copper content of the tiaoueq in a

“‘Lnormal sheep, & healthy sheep on a hlgh copper 1ntake and & copper poisoned

= :fsheep.- fﬁ\i«




1;T§ﬁ1é*6§ The’ cqpper concentratxon (1, oIl D.M ) in the tlssues of normal anﬁ:?¥

:_700pper poisoned sheep. ffi'“

:{};Q Sheep- died fromﬂﬁfffu-
" Copper.Poisoning, - -

LA “Sheep_.on:a. Hiﬁh B
‘Noxmal Sheep.- Cu Intake.. - =

: Q‘ (updergood;1956) : Eplck. ”§4)"
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\’ﬁecause of the hlgh ]évels of copper that can be found ;n the 1ive1¢ of‘[
. clinlcally no:mal oheep 1t 1s unulae to base a dlagnosls of chronio copper

-eroisoninF purely on a- chemlcal analySlu of thp tissuos. The resulta of these
nfanalyses muat he taken in eondunctlon u1th cllnlcel flndlngs such as Jaundlce _
" end haemo 1obinurea and musb also be related to. the aiet Of the ﬁheep w1th . |

partloular referenoe to 1ts copper content

Hﬁemcglobln Content end. Packed Cell. vblume. ’
Eden (1959) examlned the haemo 10bin (Hb) content of the blood of sheep -
35}being,fed or dosad dmlly with l.g g Lub04.5ﬁ 0 and which eventually died from

i¥chronic coppev poxsaning. The Hb content oP nolmal sheep fanbed from 12 -.14

0 gms/loo ml. and during the initial doeage period it generally remained wlbhln_f

this/
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this range. Eden reported a‘trend for loﬁer>vaiues'tdwarﬁs the fatal terminatién
Hof the illness and in one onse the lével was con81stent]y below 10 gm. /100 mle
for the 1ast 3 weeks and it fell as 1ow as 6 1 gm./loo ml.e durlng this perioﬁ.
In contrast, ded and Thompaon (1065) found a marked rise in the Hb content of
the.b}eod of sheep'during the 1D.days~pxaor 10 the onset of the haemolytio crisia
. and levels of over 16 gms. /100 m1; wére"recorded‘  Theié wes a rapid'réductiﬁn By
in’ Hb content with the onset of the criaxs and 1evels fell generally to below

6 gms./iOO ml. w1th one recorded as low as 3 gm./iOO ml.

Toﬁd'and Thbmpsqn“(1963) repbrted £ markea indreasékiﬁ“packéd:cell'volumee'
during. the. ?eriod «immediatély preceding the onset of the haemoijtie' arisiss
: Normal valuas ranbe from 5) - 407 whereas during. thls pexriod they record@d levels.
“in the range 50" = 51%. Barden &nd hohertson (1962) also reported an elevated
_P.G V. durlng this period in cne sheep but. the increage on thla occegion was not
neally 850 much as that reported by Todd and Thompsona As haeomolysis occuxryed
the PeCeV. valueslfellvrapidly~and were often less 1 then 10 peé-oent when death

oceurred (Todd and Thompson, 1963; ' Bazden apd Roberbson, 1962).

Bicchemical Findingg..

ﬁoyd (1962) earried out a burvey on the dlstxibution of some transamlnase
and dehydrﬂgenase enzymes in the Lissues of normal ahegp. He then induced liver
necrogls by -dosing with carbon tetvachlorlde and found fhat the level of
activity in the serum of enzymes which were~moat aetiva in ‘the llver_lnoreaéed
most. He reported a relationship between the amount of the increase and the

_extent of hepatic necrosis.

Todd/
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Tédd and. Thompson (1963) performéd/ﬁérious liver funotion tests to try'-

and detgrmine whether4anj demage was rourring to the liver cells during thev' 
coppe: aqoumulation.sﬁage. They found eleveted serum levels for glutamic |
oxalaoetio'transéminasa (GOT). and laotic dehydrogenese (ID) in sheep from 6 ~ 8
‘weeks before the onset of the haemolytic crisis. Ross (1964) reported elevated
GOT values fpr up to-4»wééks before death due tq chronio copper poisoning.
These reéults indicate that there is severe dysfunotion of the liver for some
_weeks before the haemolyfié orisis. Todd and Thompson (1963) reported no |
iﬁorease in serum glutamic-pyruvio trahééminase (GPT) levels until after the
onset of the orisis. Although these enzyme tésté are & measure of liver
function they also measure kidney function and distﬁrbanpes in other tiseues.
However ag copper is not deposited in the'kidneys‘during ﬁhe accumulation stégé
of the illness and as there haﬁe‘beeﬁ no reports;of pathological changes in
the kldney before the appearance of clinloal symptoms elevated values for these

tests can be taken as being indicative of liver ‘and not kidney dysfunction.

Todd and.@hompson‘(1963) also examined blood glutethione levels. This
estimation includes all non—pfotein thiol compounds. All the glﬁtafhione present
cin blood is in the red cel]s and ita presence is necessary to proteot these from .
haemolysis (Jocelyn, 1958).. It is also involved in the reduoblon of methaemo-

globin-somthat in the absence of glutathione methaemoglobin accumulates.

Todd end Thompson (1963) found that blood glutathione fell to very low

1evels/
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levels with~£he onset of the haemolytic crisis. ' They suggested that the reduc-
“tion in glutathione levels in the red cells fékes‘ﬁlacé before haemolysis occurs
and that it might be'iﬁvolved in the haemolytic prpcess._;They also suggested
that the methaemoglobinaemia,vwhich'dccurs aé_one of the mgin features of
chronic copper poisoning in.éhéep, xesuitS‘from thé'reducﬁion in blood

glufathione content.,



5.

“Housged Sheep -

The housiné ovaéilous categorlesiof sheep hds ﬁow beonﬁe an aocepted
standard practlce wlth farmers in this country. The thr@e maln olasses of
'qheep 1nvolved are 1) éwe hoewa from hill ground which must be overulntelcd
'off the hlll, 2) pregnant eues, from about 6 weehs prior to 1amb1ng until

"B - 4 weeks post parturxticn; 3) young Down Gross lambs or 6 month old

small hl]l 1ambs for fatténing. )

,Apart frpm the ma.jor nﬁtritional and‘hohsing»ﬁroblems which'arise Qhen
dealing with these three diffevent classesidﬁystOGE another point that has to
be borme in mind is the posaiﬁility of the aéoumﬁlatioﬁ of toxic enounts of-hQ‘
copper. As already méntibned.nraeewel1.(1958) and Hill snd Williems (1965):f"
have raported chronic copper tcxzclty in housed sheep on a diet whlch eontalned

‘«only sllghtly elevated copper eontents.

The first pepo:t¢in this country>of the housing of sheep affecting theif;

| blood copﬁei;éoﬂceﬁtratioh was by Iden (1944). During-NOVmeer he housed:

8 pdo¥ lambs>from & hill farm which had not grown since Auvgust. At this time
thelr mean blood copper concentration was under 0.8 p.p.m. Three weeks later .
- ﬁheir mean blood copper concentration had risen to 1.1 p Pe M. despite the fact
th&t thexr diet of ‘hey and concentrates conialned no more copper than the

) pasture they had>been yra31ng prev1ously. It is pnasible, hOWGVcr, that they ”

conaumed more food lndoors than when at brass.

Huntex/
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Hunter et al. (194)) and mden et al (1945) housed 40 owes which had pre-
Aviouoly p;oduced swayhach 1amba on forms in Dorbyshlre Thelr ratlon of 1 lb.l
'~0atm and 1 1b. oat straw prov1ded bhem wlth an 1ntake of 5 mp/day Cu compurcd
with an eqtlmated 1nﬁake of 13 mg Cu/ﬂay when at ‘grass. Blood samples were
obtaxned from 31 awog Throu«hout prbgnancy and after 3amb1ng in March. AEouﬁteen

of theao 31 evos. were doued fortnightly w1th 0.5 g, Cus0 ; -5520- The blood coppe

4-

,oonoentratlons of the dosad and the untre nted sheep a&g'presehted'in Pable T.

“@blé77;: The mean bjood coppor concentratlonu (p,p.m.) oi houved sheep
' (Huntor et &l 1945; Pden et al., 194)) - o

27 fiov. fiDeo: - 28 Jec. 18 Jen. 14 Feb. Post Part.

Dosed- coppex glven(g) - . ‘0,375  ‘470.54‘33 0.62% __[;2:675 . 0.875
- :14 treated ewes 0,32  0.33 0,96 0.17  0.93. . 1.8

17 untreated eves  0.27 "70.35'> 0L 120 0.80 . 1.18

| fhere were no 51gniflcant dlfferences nétweén the meén blood copper
':conccnbra 10n% 01 bhe tr aled dnd untxeated proupqqi There‘waq, howev aj
ﬂ~markod rlse Jn the blood copper concentlatlon of both gxoups wlthln 1 month
:o; hou31ng-“The moan biood copper ccncentration of camparable ewes whlch bad“;g
/:‘fbeen laft on bho faxm and whlch had 1n1t1allj Jll htly hlgher blood copper |

\ Qconcentrablond was 0 46 p p.m.-for tyeated ewes and 04 34 p p.m. for untreeted

4Th? Pquod ewes»nroduced n“?swaybaok lambs.

e/




Apait'from_these reports there has been no work done on tﬁe efféot of
housing‘bf shéep on theifnébsorption and>atoyage df dietary coiper. As it was.
felt that~hoﬁaing would play an inereagingly impoiténtvpart in the‘sheep
industry it vas thought~deairablé.that this aspéct shopld Ee thoroughly‘.
;nvestigéted;~ To this end a number of exferiments were cgrpied out to demonstre
the effeof Of;a variety of fypical diets on thé cbpber.gtétu3~of.housed éheep.
The effect‘bf variations in the diet on the copper absorption of Bhéep O NOoIMa.
and(high copper ihtakes was also investigated. In.some‘instances these absoxpt:

rates were contrasted with those found for similer sheep outdoors (Section 1V).

With the possibility of the odéurrence of chronic copper poiédnihg a varie:
of liver fﬁnétion and>haématologica1 tests were performed réutinely to find out
" whether it Qnuld be possiblé! to obtain a prior warning of the approach ofhfheA7
haemolytic orisis. The&e determinations along with whole blood copper estnmatmc

‘were carried out on sheep which were receiving high copper su@plements to see.
‘ how far in advance of olinical gymp toms 1t was possible to detect elevated or’

depresaed values foxr eaeh of these measuremevts.
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~ Chemical Methods

. i.

The procedures used for the estimations carried out in ‘this work are fully‘

detailed in Appendix I._ Apart from a discussion of the choioe of method used L

for the determination of coPper the%'thers will be mentioned briefly except

wo,the published“methodpwere.made and these will be‘é,i"s

* petermination of Copper < ..

o @liim.lf'l_a%iah of Sourdes of -bdﬁfﬁih??t’?d?‘

pper 1s present only in- trace amo :ts.ln biologioal materials 80 that o

any contamination from extraneous sourcee may 1ead to grossly 1naoourate

ff resulﬁs. Ii 18, therefore, of paramounﬁ 1mportance to eliminate all possible

N

sources of contamination;ioth during the prooess of obtainlng the samples

) and of anolysing them.. To this end all glassware used for copper determinations‘
was rinsed immedlately after use and left to soak overnlght in chromio acid.,-s‘
It was then rlnsed thoroughly w1th tap water and flnelly washed thce w1th

deionised water. j'.”

Blood samples were taken 1nto'oleaned glasa Mccartney bottlee whioh were’
fitted W1th rubber st0ppers rdther than with metal ones. The needles uaed wereA;
made - of etainless steel and they were lnitially boiled 1n nitric aoid.' Blood
was allowed to flowlthrough the needle for a few moments before oollection was :

oommenced/
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- gonmenced. Heparin (checked for the absence of coﬁper)”was-used7aa the -

anticoagulant.

Vhole livers were obtained and théaé“ﬂere subsampled éftérvcutting the
ﬁlivér into & iarge'number d£~émqlllpiecés.in ordgr to get & completely |
repreéentéiive sémple.' The iiﬁer égbsaﬂplé((ipé ge. or the whole liver if ift?gs
‘less than this) was put'in7a pyrex dish and~&£iedla£'1oo°c afﬁér which it was
grownd in a plastlc coffee mlll Fitted wlth & steinless steel blade. - The |

ground liver was stored in eirtight polyatyrene contalners.

Grass samples were cut l1-2 inchés abové ground level to avoid soil

B eéntam;natlon.' Thay were cut elther with an Allen scythe or w1th staznlehs '
“4steelisoissors. The grass was drled overnight in a forced draught oven and then
ground in a Ghristy ang, Nbrria 1aboratory mill whioh was free from any brass

parts. - The samples were f;nally stored in airtight polystyrgng contalners. B

Destruction of the organlc matter in.all samples for copper anélyses was -
performed by wet d;ge tlon uslng a mlxtuxe of nitrio, perchloric and.: sulphurxc B
acids. The arids used were specl&lly prepared 1ead free- reagents (HOpkins and
Williams Ltd.) whlch were also oatlsfactorlly 1ow 1n copper. Adequate blank

 determ1nations were . made to check all reagents and glassware uaed., 1

5

Ghoice bf'méthoa-fof~c6pﬁar'estiﬁations:
Duriné the course of this work mexny thousands of samples of blood, liver,

- k;dney, urlne, faeoes and plant materlal were analysed for copper. It was -’

-Mtherefore/
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fherefore, esgential to have a quick but also fairly accurate and reliable
method for copper determination. A compariaon ig made heré of a standard
method used for copper detérminatioh and the one which was eventually chosen

for the coﬁpér~ana1§sea required for this work.

Prev1ously, the most widely used method for'the'determihation of coppex
in biological matsrlal was -that devmded by Eden and- Green (1940) "~ This was a
modification of the methods of Thompsett (1954)vand MacFarlane (193é). The
method‘depénds‘on‘the formation of a yellow-coloured complesx between copper and.
lthe diethyldlthiocarbamaie reagent used. The\opticai_density‘of fﬁe colour is

then measured in a spectrophotometer.

Thé reagent used byiEden and. Green was sédihm diefhyldithiocarbamate but thi
also fbrms & yellow ooloured complex wlth iron which . thereiore has to be removed‘
before the complex formation takes p1ace. After the destruction of the organ;c '
‘matter w;th‘nitrlc, pexchlorlc and sulphgrlc acids they neut:allsed the solutioni
-_énd then addedfammonium citrate in duantity_tb‘reduce or eiiminate interfeieﬁce,
:“frcm iron. This-method, theréfore,vhéa«ﬁhe disadvan%age tﬁat‘the‘iﬂitialfacid
~_solution has t0 be neutralised and thaﬁ large amounts of r@agents have to be

added to ellmlnete 1nterference.

»Marston (1952) and Baklow'et 81.(1960) have indicﬁted“that it is unvise
' to rely absolutely on ammonlum citrate to mask 1nterference from iron in the - -
‘flnal copper dlethyldithlocarbamate colour.i For thls_reasqp Butler and

Néwman/
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) sNowman (1956) conoidered that for very senoitlve work & dithizone method waB ' to

‘f:}'bo preferred However, both those analytioal methods are rather long and involv

*V';ff;many reagent additions and separations. In large soale routlne use they are,

' therefore, perhaps more liable to error. 1ff

The alm has been’ to obtaln a: method whloh used a8 - few reagents ‘and pieoes

x_,oof apparatus a8 p0331ble in this way ensurlng that the minimum blank reading

'»}:was obtained thus enhanolng the aoouraoy of the prooedure. Martens and Githens
”-(1952) showed that small amountq of oopper oould be separated direotly in aoid
solutions from relatlvely large amounts of most other metals by means. of zinc N
: dlbenzyldithlooarbamato.. Abbot and Polh111 (19)4) determined the oopper o
ifoonoentration in fabs and omls by means of the potassium and z1no ealts of .

dibenzyldithlooarbamio aoid and found that these methods gave good recovery
of a&ded oopper and. that they were. iree from interferenoe from othor metals,'

' other than bismuth Whlch 1s unllke]y to. ooour in blologioal materiald.

Andrus (1955) developod a method for the estinatlon or- copper in plaent.-
i:jmatorlal uolng zing. dibonzyldithlooarbamate. He also showed a good reoovery

~ oi added coppee and a froedom from 1ntorferonce due to the presenoe of other ion=
Brown and Hominvway (1962) in thls 1aboratory developed a. method using zino
\dibenzyld1thlooarbamaﬁo for doterm;nlng ooPpor oonoentratxon in blood and 11ver ,
tzssues. This method was | found to be free from interference even from ma851ve

amounts/
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“*-? amounts of 1ron. Copper 13 eqtlmated directly after wet digeatlon by meana ef

4‘ﬂ:the zinc dibenzyldlthlocurbamate reagent wh;ch is dlssolved An carbon tetxa-f:f‘f

\johlorlde. Nb prellmlnary separatlon or. additlon of buffer solutlon 1s requlred.d

.i}*ﬁr&wn off:at‘the base ofitheasepar ting funnel._ Amyl aloohol whlch was used by

= Thls, th@refore, was a rapid meuhod of analys;s which requlre& the mlnlmum B

',émoﬁnt 01 apparatus and reagent additions thus reduolng the possihlllty oP

' contaminatlon.v It seemed eminontly sultable 1or usp in the copper determlnat;ons
"f:ﬁrequlred for this thes1s.‘ waever, it was felt that before it wee deflnitely ;1}

“faceepted that it should be compared with the exiating method of coppev ;

Ldeterminatlon and prov1ded the aocuracy and reliabillty were equally as good‘

;gfthen it should be the method of choioe.;fz

Tbn samples were 8na1ysod for copper by both the q0u1um diethyld1th10~5ﬁ.f]ﬂ
»‘?carbamate method of E(Ien a.nd Green (19A0) a.nd tho zine dj,bénzyms.thmoarbamate_--% .

»»»»»»

Emethod of Brown and Hémlngway (1962) The vesults of these analyses are

Tt "

'”f}preaented in iable 8. ‘,g*”
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Tabléle;i; Copper cbﬁcentraﬁiqn‘in whole. blood CR A

- Semple No. ~ Na diethyldithiogsrbemete = Zn dibenzyldithiocarbamate

Codee o e 1.6

T

~ ."1-07” LT s
109 i e 1A
.20 . - a2
133 S -

T o 1a6

tay C 106

. S ) 0497

. Meen . Y @ .

L T

BRI AN G R S R S

H - -
o

~The.. reoovery of added coyper by both methods wms tasted by addlﬁg various
amounts of 8 standard solutlon containlng 1 ug Cu/hl to whole blcod samples.

The results are glven 1n Table 9.

; M.Tablé”ﬂ_'/"‘ .
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fable 9. Recovezy. of added édppervin.S'ml, of whole blood.

‘Method: . -Sample ml.'Blooi Cu added Cu found Cu recovered Recove
T No. T (ue) (w7 w0 &
1 5,80 ©  4.00 - 9.75 " 3495 98.8
5460 3.00  8.60 3.00 100.0
6.60 3,000 9450 2,90 96,7
6,05 - 1:00 . T7.05 1.00 100.0
580 . 1.00 - 6.85 1.05 - 105.0
Mean - - o 100.1

Zn_dibenzyl.

oS AW

6.05 - . 4,00 - 10.25 - 4.20 105.0
5.45 . 3,00  B8.75 330 1100

L 6.65 1 3.00  9.75 3,10 ' 103.3
5.50° - 1.000 . 6.60 1.0 11040
. U550 L00 655 1.05  105.0
Mesn - . R . 1083

wON

Ne. diethyl.

. \n I

. e . r&pallxzdgﬁlicaﬁe éngrysaé;ﬁé#e;ﬁarfiad\§nt dﬁ‘8>whoie.bloéé samples by

... the zinqf&ibeﬁzyldithioca:pgmaté'mstthg“iThe‘results are presénted in Table 10
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g@hle‘lo; Duplioated analyses of 5 ml, portions of 8 whole blood sanples for~.

cogper‘
' Coﬁperuﬁoncentratiqn,(p.p.m.}

gemple No. = 1 1.11 o La2
2 1.16 1.12
ER 132 . L3R
4. .16 L2
5 1.04 105
6 0,99 1.01
e 0.97 o 0.97
8 099 - 0.95

Moan '

1.0 .09

- From the datae- preqented in Pable 8 it can be ‘seen that the results o€ both
methods for who]e blood copper estlmatlons compsred vary eloqely. Recovery of
added copper, however, was nove acourate by -the zinc dxben?y1d1thlocarbamate .
methad_pfﬁBrown and;ﬁemlngway. Vhere the sodiun dlethyldlthiocamhamate nethod -
of* Eden aﬁ&‘Gmeen was uséd;the recovery o£ the-a@ﬁed coppexr was:consistently
above?iOO%,Lthe mean. reaoVery being%IOG T .On'the’other hand the mean
'recovery of added GOpper in 5 samples analysed by the method. of Brown and .

Heminﬁway was almost pracisely 100%, being in fect 100.1%, This slight

: dlscrepancy between the twa methods ig probably due to the larger volume and

greater number of reagents ‘nsed 1n the copper estxm&tlon by the sodium '
'dlethyldithiocarbamate metnod thus ‘causing a sllght degree of contamlnatlon

‘which/



"‘~'which resulted in theaslightly hlgher values obtalned, As can be seen from
‘Table ]0 duplidation of analyses hy the zinc dihenzyldithiocarbamate gave very o

afgood rcsults.\ﬁ7

Thus thls method compared favourably w1th an exlstlng method for”coPner

_estlmatlon, gave a more accurate reoovery of added copper anuJHISO gava ood

duplioatlon of regults.; It was also muoh speedier, involved fevpr reagent
~_additions and was a much more pleasant methpd to operate as 1t did nct lnvolfe-;i
~5!the use of amyi alcohol whloh xs used in copper estlmation using sodium H
"~t diethyldlthlooarbamate. This chemical 13 unpleasant both ior tha operator |

 performin the copper estlmatlons and ulso 1or any other p@rson working in the-ﬁf

fi:same 1aboxat01y. On the basis of all these factors_'t was, thereforo, Ilnally o
7"declded to adopt the 21nc dibenzyldithxocarbamate method of Broun and Ibmlngway::

:for @11 the oopper estlmatioﬂm r@qulred fov thls thesms.lgif-'

,_jPréBapatiOnhéf?Samp;gs gpr-é;élyges!?k Tﬁ
fBiéod~Goppérlu5ﬂ5 wl, whole Blooﬁﬂused. WGt ashed wlth a mlxtura of nlblic,
- perchlorlc and sulphumlc aclds. Residue b01led w1th a’ smalT gnount of ';f}i

water and the copper concentration determined directly on the solution by

addltlon of zino. dlhenzyldithloear%amate 1n salutlon in oarbon tetrachlorlde

: Laver. Kldnev, Plant. and Faecal Copper l gm. of drled and ground sample wet?yf

- ashed and made up to volume. Aliquob eerachmd wlth inc diben&yldxthxo-_u

- carbamate and the copper eoncentrablon detelmlned. .,

Urine Coﬁger/ W




_Bl.

Urine Cogger. 25 ml. of bample taken end wet auhed hlth the a01d mixture~
' sdditlonal nltrlc acid wos uged if requlred. Sglutlon made up to volume

and oapper determlned a8 before.

Plasma Iron. Thls was estlmatad by meanb of the method devmsed by Boﬁhwell
and Mallatt (195)) It dependa on the formatlon of a stable coloured _

camplex betueen ferrous iron and 2 - 2 dipyrldyl.

lecr. Yidney. Plant, Ihecea and Urlne Ivoﬁ. ALL these estlmatlons were oaﬁrzed

| out by en adaptation of BothvelT and N@llett's memhod for pl&sma iron
determlnablon. The sample were»wet ashed and made up to volume &8 for
theudo?per'gs£;@atioh.; A sultable &1iquot. genprally ml was then taken
‘aﬁa iroﬁ ﬁas:détéﬁmined on tbls 1n:preelse1y the,same way aa.for;the‘plasmag

after the reﬁoval!of pfdtein by.precipiﬁafiontwithaﬁfidhloraceﬁic acid . (sCai

~v?1ﬂnt Calcxum. Y gme of dl¢ed and groun& plant mauerlal was dry qshed. and
made up “H0 volume° The calcxum conceﬁtration was then analysed by a xlame

phctometrlc techntque described by Hemlnsuav (19;6)

f:Plant MOlybdenum.\ Thls was detexm;ned by means of the method of Purvis @nd

’ Petersen (19)6) This is. baaed on the formation of an oxange culoureﬂ
'A molgbdenum - uhlccyanate complew which is produced ins hydrochlorxc a@id

o solut;on in the. preasnoe Ol a reducln ent.,~:

. ‘Plant Sﬁip’hﬂr/; =




fjp1ant Sulnhur.i_ This waa measured by the 1ndlreet flame photometxic technxque;ﬁi
of Gunnlugham (1962) Sulphur ig precipxtated as bdrium sulphate and theiﬁf

,_hsnmum 15 then measuredfby meana of a flame phgtcmeter.

R

Ea

};Blood Packe&vcell VblumejkPCV) This vias: measured by~ bh@ m;oro—ha@matoerit
method of Flsher (1962) where the blood 13 centrlfuaed for 6 mlnuies at

1?000 g.

‘ZLHaemOﬁloblne : The method uf Bell Chambers and haddel] (1945) fcr the estimation

. of oxyhaemoglebln was uaed.i'”he blood was diluied in O 04ﬂ,NH4OH and the

'; colour waa read Ain an B.B L. colerimeter uslng ac 6?5 filter. “The concenbra

Lan of h&emoglabln ln gms/lOO ml. was then read off prepaled snaﬂ&ard

ﬂéATransamlnase Enaymes.'? The acixvmtles of serum glutamic-oaélﬁéeﬁlcycranéamin&éer
.‘ &nd serum giutamlcmpyruv1c tranqamlnase were eStlmated by Lhe metha& of
hﬁltman and I'ankel (L957) The prenaﬂuxa fcllowed and Lhe feagents used
were aa detalled 1n Lhe Sigma Ghemmeal Gompany ) Tbchnlcal Bulletln Nb. 5057

- whlch was rev1sed 1n 19&3.u 1

"»~;‘Bromaavlphthaaelm (B S E ) in Plasma.c B B P. glwes a violet colour in alPalzneﬂf

solution._ 1 ml. plasma was d“IuLed wlth 4 ml. ef a 10% NﬁOh solutlon and
the lntensihy of the enlour determine& by raadxng in a spectrophotameter atf
580 mu. ile concentratlon of Beﬂopa present” was then fcund by comparlson

wlth a atand@rd gxaph.

R
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Section II Experimental

Copper Concentration in Herbage

ag affected by

- Applications of copper sulphate.

Applications~of nifrogéndus fertilizers,
Liming.

Maturity 'aﬁ_a prot‘ein content.

84.



e,

_Experiment 1. The Effects oleitrogenous Fertilizer and Copper Sulphate

on_the Copper Concentration of Herbége.Av

Object, This exﬁériment-was dééigned to aséess the:effécfsiofsVarying rates of
epplication of a) Nitro-chalk (ammonium nitrate/caleiwm carbonate) and b) copper
‘sﬁlﬁhatéfto the soil on‘the copper concentration of herbage cut several>times

eaoh year over two growing seasons.

Tield layout and Herbage Treatment.

A randonmised block layout which involved four replicates of each of the

various herbage treatments was employed.
The following amounts of copper sulphate were applied on 21st March 1963:--

a) Nil
b) 5 1bs/acre
¢) 10 1lb/acre

d) 20 1lb/acre

e) 5 1bs/acre followed by further appliocations of 5 lb/sore applied A
" immediately after each cut of herbage.( This treatment is‘désignated as
5% in the subsequent Tobles end disoussion).

There were two levels of application of Nitro-chalk’ (21%N), viz. 1 (Tow N)
and 3:(High N) cwt/acreiapplied in combination with each of the copper sulphate
treatments. These applioétibns of nitrogen were repeatéd immediately aftergeabhA

cut/;



86.;

'é?cﬁtﬂﬂffﬁéf%aéé. There were thus a total of 40 small plots arranged in 4. random-
';}flsed blocks each oontalnlné 10 separate treatments.J The detalled layout 1s

4 j'given 1n Flg. 2._\fl

) Flg 2. Lay@ut-of:Plats"bfvExpériment 1f;¥f:'

© Plot N .1|2[374)5| 6 7] 6|9 10l 1112 1524]1526 1718 19|20

| CuSOA(Lﬁ/éo) |10 |20 | 5% 5420 10| 5| 5 0] ol} "5|20}10| 0] 0| 5410 50| 5%

© Nitro Ghalk 1133 s sl 2 a) sl a3 a1l 3]
. (cwt/ho) 5 PO DR ISVRY DA Bl (S 3 | P Y RS B B ) -

" Plot No. | 21|e2 p3 pales|26|27 [ea fes |30 [ 3uf32 |33 |54 [35]36 [57 (38 3940 |

L -09504(1ﬁ/aoj " 20] 0 §.a5'iQZédjio}5* s 0:(l 10| o] 5|5* 0‘?0_5* 20 10{ 51

- mtwoohalk | 3l3f3(al3a] a3l 2 3la]s[1f3|afa}3s]
. j(cwﬁ/éc)'~‘ - IV Rl RS -3

The area of each 1ndividual plot was 1/300th of an acre, the dimensions bein
B 5 X 41 ft.- The herbage.was-cutqby means of a 3 ft. wide Allen‘ant0=scythe thue
mlnlmlsinv "edge efiects" of adaacent plots. Herbage samples (oollected in
polythene bags) were obtained by taklng about 20 small sub samples along the

: ;1ength of ‘gach nlot,

The whole ares reoelved 8 baaal dresaing of 2 cwt. of muriate of potash/écre
~'on 21 March 1963 and agein in’ the spring of 1964. The sward con51sted malnly ‘of

;cocksfoot/



3 _37}.

-cocksfoot and perennlal ryegrass w1th some crested dogstall and a small amount

,fﬁoi wlld whlte olover.lc“

:126@?Beéﬁlts,5%

Four outs of herbage were. obtained in 1965, these belng taken at the tlme

'of ear emergence - i.e. “the silage stage“ The dates were 4 June. 11 July,

' ;.25 August and 210 October 1963.

Tab]e 11 presente the data ooncerninp the copper concentration in the herb-

} 5age ontalned from each of the 40 plots on the. 4 sampling ooea51ons in 1963. :'

Ebble 12 summarlses the mean values obtalned for the oopper concentratlon

%

of the variously treated herbage at eaoh of the 4 outs. It also shows the

eifect of the 2 different levels of nltrogen applxcatlon on the oopper

A ooncentration of the herbage.
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Table 11. Copper concentration (p.p.m. Dry Matter) of herbege sempled 4 times

 1ps.CuS0,.51,0/a0. . [ 10 20 5%

‘gub. Nitro chelk/ée. 1. 3 1 3 1 3 1 3 1 3

1 6.6 6.8-7.6 T.5 Tl 8.4 7.2 6.9 6.8 8.1

1ot Cuty 4f6f6s 2 Tl 65 69 T.5 6.9°8.2 6.8 9.8 7.0 T4
- ’ 3 5.4 851 8-2 7.6 -:700' 701 6.4 900 6.4 707 .

4 6.8 8.0 6.9 6.6 .69 7.9 6.1 9.1 7.0 9.1

.~ Mean 6.5 T.4°7.4 7.3 7.0 7.9 6.6 8.7 6.8 8.1
1 1 7.0 8.6 8.8 T.8 8.2 8.810.0 8.3 7.2 8.7
 2nd cut; 11/7/63 2 Te3 84 9.2.8:2 9111 6 7.5 9.1 9.4 13.0
3 1044 T.3 T.2 9.21056 7.8 9.8 9.7 T.4.9.2
4 8.5 8.0 7 5 11.3 7. 5 10.8 9.4 10.4 7.5 10.7

Meem 8.3 8,1 8.2 9.1 8.9 9.8 9.2 9.4 .7.9 10.4

1 10.8 12.0 10.2 11.0 10.1 11.7 9.8 11.4 10.9 14.2
2 12,2 11,3 9.0 11.0 11.9 16.5 15.8 12.7 13.1 12,3
3 12,7 11.8 9.0 11.9 9.4 11.8 8.8 13.8 11.5 13.1
4 10.8 13.0 10.7 12.6 10.2 13.4 12.0 14.6 13.1 12.5

11.6 12.0 9.7 11.9 10.4« 13.4 11.6 13,1 12,2 13.0

1 12.2 12, 2 11.2 14.2 11. 6 17.5 10.0 12.8 13.7 15.2

4th Cut; 11/10/63 2 12.1 17. 4 13.3 16.7 13.0 14.2 14.9 16.8 16.2 15,1
A ‘ 3 1207 12.2 15.1 12.5 12,5 12.7 11.0 12.8 13.0 17.1

4 12.1 14.4 11.2 14.3 13.9 13.7 13.9 16.8 11.1 16.3

. Mean 12, 3 14.1 12.7 14.4 12.8 14.5 12.5 14.8 13.5 15.9



A.'"‘."A
i

: L e o RO I N
Table 12. . Mean.copper‘cqncentrationa.(p.p,m:) of 4 cuts of herbage teken din 1963

Leﬁéi

1biCuS0. /facye .0 5 . 10 20 . 5% o sland
4 L - 3 N _ , (\oance

outenitro ohelk 1. 3 _f.?jg;_?‘:?,l ) ﬁ3 | ¥'jj 3 1 351 3 e

L/acre '\ >

Cut 1 7 4 7.4 7 3 7 0 7 9 6 6 8 7 6 8 8 1 6 9 7. / .

83 8.1 8.2 9.1 8.9 9.8 9.2 9.4 7.9 10.4] 8.5 94;/@05
3 11 6 12 0 9 7 11 9 10 4 13 4 11 6 13 1 12 2 13 O 11 1 12 7{ Q‘Olj
4 12 3 14 1 12 7 14 4 12 8 14 5 12 5 14 B 13 5 15 9‘12 7 14 7 O\Olf

B Q#éiéilfMean RS 10. 4 9 5 10, 7 9 811.4 1d.0 1. 510, 1 11 9

i " B "'_u e - 3 ok ! VRN )

101 ~"ﬂip,1 20, s 1080 11 o ;,

Nltrogen had.é oonéideréble effecf-wn‘he¥b;ge Ooppér ggﬁoentratlon. AA£
n;eaoh of the 4 cuts the herbage WhlGh had been trea%ed wlth 3 cwta. nltro-chalk i
- per acre had sxgnlflcantly higher copper contents than that treated with 1 cwt.;g
-per acre (899 F18-5a) This Flgure shows the mean copper content and standard )

i error of- the herbage, treated w1th either the 1ow or hlgh nitrogen dresslng,‘f

Jfat eaoh of the 4 cuts. Thls shows that there waa a tendenoy for the copper

V ’»‘§content of both the low and hlgh nitrogen treated helbage to rise with each S

.guccessive cu%.: ThlB was 1n fact borne'o j by a statlstieal analyais which

‘ifshowed that the herbage at eaoh ou+ had a mean GOpper oontent which was b

:signiflcanﬁly (P¢£ 0 OL);hlgher than that of the herbage at the cut 1mmediate1yi;

qureceedlng it. AA4
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Gopper sulphate dld:not in énéra, have any marked e fects on herbﬁée-'%‘,bf

fﬂchpper ccncentratlon' 'At[the flrst cut _he 20 1bs. 0u804/acre tzeatment when f_

s;gnlflcantly“(P-‘wﬂ

comblnedwwlth high N rodueed ‘ .05) higher harbage copper

'yconcentration than that iound for the equ1Valent plots which had recelved eltherA

e {;0 or ) lh. CuoO‘ per acra; “This effect waa not reproduced at the next 3 cuts.mﬂ

| 4.7
At the second and thlrd cuts those plots whlch had received an inltlal dresslng

:’-@of 5 bs. copper sulphate per acre and than further slmller dr9651ngs 1mmed1auely

'%after<eéch cut. had aignlflcantly (P-< 0.05) hlgher copper conventrations than
;&Tlthose of the untxeated plots and those pthu whlch had recelved a single applloa-

i'ffgfticn of 5 1b. OuSO4 per acre respectivsly. There wore no ether 1ncreases in “

;herbage copper concentratlon whlch were attributable to the application of top

i»;ﬁ“dresslngs of copper aulphate.‘ It can be concluded..therefora. that applications

>::'of eopper sulphate 1n quantltles oi up to 20 1b/acre had no pcral tent effect on

"V'herbage 00pper conoentratlon.

”fiui964;Results‘ -

In 1964 the plots were again glven the approprlate dressing of either 1 7
or' 3 cwt. Nltronchalk per acre in March. Nb appllcatlon of copper qulphate -
‘ Ji:was made in 1964 as it was wxshed to detelmlne 1f there would be any “resldua1“
:Teffect from the dr8551ng applled Jn 1963. The herbage wa& sampled on 3 |
: :occas;ons (2 June, 15 July and 31 Auwust 1964), each cut agamn being taken at
‘ ;the silage.atage.-_ Table 15 detalls the copper concentratlon ‘in the helbaga iif;

obtained £from each of the 40 plots at the 3 cuts tuken in. 1964
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Gopper concentzation (p.pem: D.M.) of herbage sempled 3 times in 1964,

.cwts. Nltro-chalk/ac

1st Cut3:2/5/64'

jﬂean'

3

:1 }i<

'=“i?;fi5 3

Ay

SR~ ¥ TR\ ddj

.»4:4 

Ny
9. 3
8.8

- 83
8.5
60
R
707
_ SaS_J

. 635:'
T 6.2
6.8
_ngi?égjﬁ
e

L6

. ?7;é

! 9‘&':' 2

B 8.6".4

9.6 1.6
8.7 10.0
8.8 8 1

9.0

9.2 6.2

6.9

8.4 6.7
6.7
7.4
7.9

8.6 T.4

’314’
6.6

7.1

7.6

8.8.
9:9.
8.0

9.5

9.1
8.6.
9.2
T.4.,
844

T4 9.2 7.4

8.8

 ?:$;:
6.7
6.2
6,7"
6.6
~9?3i:?glii
945.

9.2;
8.9-

6.1
8.0

74 3 10.8°
1.8

8 .7“:23_;
634 .

6.8 "

8b4}i9s5

8.6

9.1;

941"
R
85
8.3,

646
6.9
8.5 76
9s4

16361

jé?ité],4"?!4

8.7 9.5

£6.210.T
8.8

8.4 8.6

9.6 11.5

8.210.1

9.1 8.4

Tséf

8.9

1.5
8.0

7 ) 10. 5

8.4 149
9.3
9.2

6.6 ¢
18,2
5
oo
19ﬁ5:
¥ 6{

8.8 ‘878 SR
8.2°10.2 ’

8.9:8.9

o3
V 55¥T
7;3_.8.2
946
S'ijf

5.4

TT30.3
1395
7.0.9. 0

Taes

834,_;{

9{1"-

Table 14 summarises the mean oopper conoentratlons of the. 10 differently
Lreated herbages at each” of the 3 outs. It also shows the overall eifect of
the 5 separ&te oopper sulphate and +he 2 separate nitrogen treatments on the

copper concentration of the herbaﬂe. .
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 Table 14. Mean Oh*conoentrations (p.pem.) of '3 outs of hé;baéé taken in 1964. .

lbs. CuSO45H20/a§re 0 5 10 20 L o Le:
S e 1: Q%ﬁgé
owh.Nitro-chalk/so., 1 -3 1 -3 i 3 1 .3 .1 301 3 P

8.5 9.1 8.4 9.1 7.8 9.1 8.2 10.1 8.8 9.1 ‘8;4 9.3 0.0

“luts 1
2 6.3 8.4 6.7 B.4 6.6 8.5 T.6 8.9 T.5 8.6] 7.0 8.6 0.C
5 Te2 8.6 Ted 9.2 Tod 8.7 Tod' 944 T.4 9.6] To4 9.1 0.C
Overall Meen 7387 5 8.9 7.3 8.8 T.T 9.5 T.9 9il
\ ‘ ; I S ' : \ | i 1
8.0 8.2 . 81 8.6 - 85

-Asrin 1963 the‘ovérridingieffeot found”Wééfthat reéulting'frbm the higher
rate nf nltrogen application. “Ab eaoh of the 3 outs the mean.eopper content
of the herbage treated with 3 owts Nitro~ohalk pexr acre was signlflcantly higher
then that of the herbage whlch had been glven only 1 cwt. nitro-ohalk per ecre

(see Figure 3b).

As in 1963 there were no marked effeotsAﬂue‘to.the‘application-of up to

20 1b. GuSG4 pér aore. At the second cut these plots which had been treated

with 20 1bs.GuSO4 aore or with 4 seperate dréssings‘of 5 lbs..CuSO /éore in the
previous yesr had signifiocsntly (P<0.05) higher copper oontants than the low

nitrogen treated control plots.



This, however,-was the only residual effect found.due to “the applications of

copper sulphate made in 1963;-

There was no general rise inAthe copper oontent of tﬁe herbage at each
suécessive cut as there had been in the previous year. In fact, the mean copper
concentration of the bécond-cut was appreciabiy iower than that of the 1nitia1
one tsee Fié. 3b) There was a glight rige again with the third cut but the fina,

mearn level was still ‘below that of the initial eut.

These results are similar to. those reported by mpedding (1965) for trialv
t_cérried out at Hurley. Raymond and. Spedding (1965) and Hémingway (1962) reported
 that appllcatlons of nitrogen fertllizers tend to increase the mineral- content
‘"of grassland. They found that copper 1eva15 were raised appreciably by high
nitrogen appllcations. The results of this preéent experimeht confirm this
VieW’&S to the effect of high levels of nitrogen application on the copper
concentration of herbage. It would appear thet -this is. & fairly generel findiqg
and uhe effect of nitrogen may be of more practhical imnortanoe then that of

copper sulphate applicatmono '

QgparimenttQ. The Effect of’L;ming on the‘coppef Concentration of Hefbage.

Object This experiment was undertaken to determine ‘the effect of soil
applloatlons of various amount% of ground limestone con the copper concentratlon

of herbage ovex three growing se wOﬂB.

Layéﬁt/



" plot N%é.;Aiflz--ﬁ' 4|'5{6|7|8]9011|12/1514]25 1617|28015(20 |

Laxouf. The experimental deszgn was a randomised block layout composed of 4

compleﬁe repllcates of 5 dlfferen¢ liming treatments.A These were 0,1,2 3 and 4 ;

' *tons-qf ground limestone perAacre.i The plot size, method of sampllng ‘and sward \
compositidh'were all as désoribed for Experiment 1. The site wag immedlately

b

- edgaonnt to-thet of Fxparlment 1 und the 1ay0uﬁ 1s 111ustrated in Fi gure 4. ‘;1

H,Fig. 4. Layout of PlotéAof Experimént~2.

'?<£on,gr6ﬁhd ol R | . o
. limestone | 411] 2| 3 0l21 3112403 0f 4/ 1| 2(-2] O} 4] 1| 3
pex: acre. o : , e : -

Replicate 1 :,,f 2. _‘;A,, 3 o 4

‘ Lame was applied at the appropriate rates on 22 Maroh 1965 and a basal
Ifertilizer treatment of 3 awt. Nitro-chalk, 2 cwt. auperphosphate and 1 cwt._ fﬁ
muriate of potash Was givan at the ‘same time. This NPK treatment waa also given
in Ng:oh 1964 and.19§5.; In additlon 3 owt. of Nltro—chalk w&s applied after A‘
;ach>cut:of gréssiip 1963 and 1964. -Only a single applicatlon was given in 1965.

No further apPlicationé bfﬁlime'weie"made after ther;n;tlal dresa1ng';n,;96391l

Soii samples‘(bu~‘6 ihsi-dépth) were taken fme eaéh piotIWifh a SOrew:”‘
type augur, 20 sub samples belng cowhined from eaoh plot. The initial mean 9011
| pH 1n Marah 1963 wag 5 80. The- g0il pH values of the samples tgken in 1963, 64

"and 65 are detailed in Table 15,



f;Mean Value:st

" ;August 1963L N
. """Septembpr;l%z;
o Maroh 1965

o Ovéré11:Mean‘ﬁ‘i1*i5;74::§36;é§ S 6 AEST

5. Soll i values of semples obteined In 1963, 64 and 65. | o
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: Ovér the 3 years the 3011 pH vélues fanged from about 5 75 f01 the coﬁtrol‘l
.pléts ta values in the range 6 b - 7 0 where as mnnh a8 4 tons per aora had been.
?‘ g1ven. Su009351ve 1nereases 1n soil pH were found for each progressxve increaae
in the amount of 11me added. The plote, therefore.‘covered g wide range of 80il -

4 pH et regulwrly spaced 1ntervals. .

f_Herbdge OOEQer'Coﬂoentratiqns 1265._1 S *'_:'f'"'.fJ: N
Three cuts of  herbage were obtﬁinad in- 1963 -Each cuf'was:tqken when thef"
A

grass was at a stage sultable fo:.silagef The eopper concentratlona of all the”:

Horbage samples’obtained during 1963 ore detailed in Table 16,

- Imring 1963‘1iming at rates of up to & tons per acre had no effeot on . - -

hérbagé copper coﬁdenﬁration[at«apy of “the 5:oﬁts obﬁaiﬁed. 

Table 16/
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Tabi;a 16 Copper conc*en'bration (p. il I) IfI.) oi‘ her‘bage after treatment with

llme :Ln the .apmng. o

lime tons/acre . SR R 1 2 3 4 o

L1950 11046 '“11.i{‘jg.10 3.0 10,0
1087 1130 1000 0 TW8° 1049
fi1;;47?3w4‘9;55 20,0 9 2*-’}1!9f5ﬁ" E

B N

1290 99 11 gffl}.if;";_lo 5.
S 1205 12050 15 0 1149 13
710,00 81 A4 - 12.0. ;:'10 2
,1gIQ‘;‘ 11,7 ff"iz.avix 12.0 1.7

2ud Gut; 26/6/63

10,6 - 10:2. 9.9 a9 ;?9;5“
314 71006 01046 10,87 10:8 - -
1 10.5° f?'ll;éik 10087 2049 1008,

3rd Guty_2/8/63

_ -Mean valueq lst cuf 11.1 3_0.6 ]0.2 9.5 97
- " 2nd.. cut"-11,9%,;a.10§§_ 118 120300114 o
grd Lut;ffio;af;\i;lq.s, 1003 10,2 00 10,3

7H0vera11 Mean ST 12 20060 10.8 106 1005

Hevbags/
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‘-gzﬂeybagé306ppér»Gonéeﬁtréfion;i1964..

Three further cuts at the silage stage were obtained in’ 1964.; InjfhiéVﬁ

: year, however, only 5 of the replioates were used to obtain samples.A-"

: The herbege in the 5 plots in. the first- complete repllcate wasrallowed to';i
_grow'to maturiiy. Samples were obtained from thls ares at fﬂequent intervals
r:from H&y to August “to determine the seasonal chqnge in the copper contenb of the
_'herbage."The results obtalned Wlll be presented immediatelf after shose obtalned

'1or the: other 3 replioates.

The copper conoentratlon of bhe herbage from Lhﬁ % replicdtes at each of

the. 3 cuts taken dur;ng 1964 is presented ‘in Eable 17.

Aéﬁin 1963, liming had:ﬁq effécf on ﬁhe céppar ooncéntiation of the
her%aée.“'The general le#elvféuné for ﬁhe copper concentration of the hérhage
in 1964 wés.much lower then thaf found"in 1563. This may have been duwe: in part

to e ‘gsevere frost in the u1nter of 1963 - 64 whloh killed ‘some of the’ ryegrass K

-~ and left cocksfoot as the dominent specias.

Table 17/



wj-iT&ble 17 ~00p*pe VlCcmcentration

‘lime tons/acve *. . .- 0% . L

1st outs 2/6/64 > gt s,

| 21’1(1 ou‘t;13/7/ 64 “ 7-5 -

6 65
6B

‘fMean Valuel . _ S .
I’lrst Cut 7-2 e 2‘7:“6 B 56'7'1“’ 7 4 BT
peoond Cut ,'éf4f-ﬁs'7 2 Tl L 6. 7m5 ~755_:fj
Third Cut 7.0 clre 1A T2 68 |
- Oversll Meon | 3 0 66 L 10
; . R s
fChanpes mn copper coneentration w1th advancxng herbaye matur;ty._; -
4 &s . already s%aued in Experzment 2 tha firat repﬂicate ox that cxperiment:? |

v, allowed ta grow to matur;tv durlng 1964- Samples were obtained from the'x_f:f

“%‘*'Tgl‘ | herbage.'whlch waa mainly oocksfoot at regular 1nbervals durlng the grnwing

'seaoon.w These samples were analysed for copper, crude protein and crude ilbre- B

e

}Feontent. The results of these analyses are presented in Table 18. -M"

o ﬁﬁlﬂég;gg/'.'
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‘.Tablefis‘ < The. copper.,crudp protnin and crude flbre contents: of herbage growing

to_maturitys _
. | ‘
~ Date ' Growth Stsge ~ Cu(p.pem.) . Crude Protein(#).  Crude Fibre (%) .

10 Mey  4dne. 106 29.9 20

0.

11 69 e w4 ap
24 12-18" 7.5 ©o23.1 ’éb!gﬁ;
27 j‘ Far emergence 6.8 " 18.8 B | %g¥¥ 
;2 S in flover ‘5.4' 14.9 : ‘_ ‘ %8.&;
7 June | 6.2 133 : ""zv,eé
17 Progressively 5.7 12.4 28,8
26 Moie mature T 10.5 t26.§ :
15 July . - 446 9.0 2T, 1 “

19 ~ B P 7.7 30,7

\

i

.progressive fajl in the oopper concentration of the herbage whluh 15 paralleled\

These results are«prééanﬁ%d'graphically in=Figufe~5; Thzs shows the

l
'. by a fall in the crude protein content as 1L becomes more mature. ?here is also #

‘an inverse relatlonshlp b@twgen these two and the 1norea91ng crude fibre éontent.

Hexbage Copper Concentration,. 1965. ‘ L !

“In the investigations cerried out in 1964 (veported on pege 101 to detexmine
* the effect of plant maturity'on coppexr concentration it ﬂas,fouﬁd that there. wés
. progr3851ve redubtlon in “hervage copper ooncentration wmth advanclng maturlty.
AyThis flnding 1ed to & chdnge in cutﬁlng technique-durlng*l965ﬁ ‘he -plots “3191‘Q

dlvided/



Pige5, Chanseg-in the COPRGIT, CLUNE DLUUGLL Guiu ey s sgese soozoo -

"t of herbage growing 4o matuwrity.
A _ . | 05,

N

% C,Protein oL
% C.Fibre . S

32

24
. Cu."ppm.

10 U 20

e 4L Aw N T

Grazing  Silage

i , L L |
20 0 .30 10




'3;¥and the thlrd at the mature hay stag

‘"fg;hnrbage samples obtained at oach 01 the 3 cuts are detalled in Table 19

o fdlil&ed along their length into 3‘ qual parts'
"iffgra21ng stage (12 Mny) the second at‘t'e>511a5e stage at ear emeygence (27 May);
(22 June)

’,fof each of the 5 trea%ments were avaxlable.&

the flrst part was cut at the

As 1n 1964 onl;‘Aireplicates =,

The oopper ooncentrablons of the

i

?Table 19 CQpper concentration (p.p m, D M.) ox herbage gla

‘y*fiflime tons/écre

W.%éﬁflst Guty. 12154 §

2nd_Cut; 21/5/65

3rd_Cuts 22/6/65

- Mean vaiues' Lst Cut 11. 2
Qnd 2nd Cut T 7

ﬁrd Cuu

Overall Mean

. _ 6;§§$
20:6.
11,0
12,0
8.3
7.2
16

:5;5ﬂ

5.8

55

5 5

‘il 2.
0.7

12.0

1e3
8.0 .
5.2

6.4

6.0

11.3
7.7

8.3

S 5.2

9 6

7 7

REE

‘D.B

C 4.8

5.5

10.1

7.1 :

. 7}53'

from plots limed 2 yaars previouan.

9 O .
11 l ll 4

7e 7

10.2

7-2

S 5675

 7:7

”}:éﬂ_ik

Farly
9. 5 10,111, s |
6,5"ﬁ6.8-;”v( R
117;5ﬁ2f s
5.8
5'?i
‘5.7,f

g5

-10.0 .

T6

4.8 -
4.8
Mesn -

10.6
71 o4

_7;4'f'”7@s‘? '

Iimzng agaln had o’ effect on the mean harbage copper concentrat;ons., x.a

There wap, however,

QOpper/

hl“hly slgnliicant (P = 0. 01) depression in herbage
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ooppe§~ooncentration at eaoch gxowﬁh stagé (SeerFig 6).

Crude protein Was’determinedfon éllztﬁe»grass samples obtained in 1965.

‘The mean results are lisfied in Table 20.°

::Iabie 20, % Grude‘vroteih‘in‘gr&Sg.éampleéAtakeh%in 1965 from‘ploté limed in 1963

kNN

lime tans/aore' 01 2 3 ;

: S a . _ MsanA
Grazing stege 28.6 28.7 29 0 28.9 29 28,9
Silege . stage 16.9  17.0 17. 5 17.1 17.2 17.2
Mature stege 8.5 9.1 81 9.0 9.2 8.8

Lining did not 1nfluence tho mean orude protein content (aee Flg 6). There
wes the norma] fall in the crude proteln content of the horbage from the" gra21ng
to the silage stage and 51m11811y frcm the slluge to the mature hay 9iage. These
falls were highly s;gnmf;cant-(?-ﬁ 0.01). These xesulta, therefoxe, conflrm fhe
.preliminéry obgarvation of & reduction in herbage copper with advencing maturity

which was made in 1964.

¢ Table 21 summerises the éverall mean copper concentrations of the nine
séparate cuts of herbage, from each treatment, taken during the 3 years. It also

listsithe’mean soil pH values for each- treatment over the 3-yeqr;peiiod;

“Tablm 21 Mean soil o and herbage copper coneentrat;on, 1963 - 65

(9 cuts of herbape)

Lime tons/aor 0 ST S

Mesn soil pH. -  5.74.  6.06  6.31  6.54  6.70
Hoan Ou gone: — g.96 8,65  8.22  8.46 - 8.29

(Q.Ag.m. )‘ ’

!
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Fig‘G.u Chenges in the meah copper and crude protein contentéipf )

- herbage growing to maturity on limed plots. .-
- %.C, Protein .

52
R QSJTH\Q
ou 'PP??.:Q'--«; s 5 \ ; |

10

Cppper'

4 8k s ::Tﬁ?*nwdsg : B . Crude Protein

Grg_.._.zi.r;g - ’
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lelng at rates of up to 4 tons per écfe effected marked and proéressive
incr@ases in soil pH so that during the course of the experiment & wide range N
- of soil pH. from rﬁz - 7 o, waa oovered. D@splte this, however, there were n0 
fsignifioant dif ferenceq in herbage coppeL concentration between any two of the'
5 different.lzming treatments; In this expeflment. therafore, limlng at rates

‘of up to 4 tons per acre did not “influence the herbagelcopyef concgntr&tlona
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Experiment‘3 The Relatlonahlp between the Gopper and crude Protein

Concen+rat10ns in Grow;ng Ferbage.\-‘

mhé consistent flndlng that herbagé oopper ooncentrationa decreaeed with

~ advancing plant meturity and- also that there vas a parallel fall in crude
:protein content led to an attempﬁ to investigate whether thera was & dlrect
relationshlp between the copper and erude protein eontants of herbage. Two -, ; ;

experinents . vere conducteéd in'1965 and91)66 tp«mnvestxgate this.

1965 Bxperiment.

| A ran&omiséd ﬁlock.layuut WAS again usgd*and congiated of 4 complete .
replicates of 5 différeﬁf nitrogen treatments. Th§=treatments wéré10,;25, 50,
'75 and 100 1lbs. N pex acre applied as Nitro~chalk on )O Maxeh 1965, ‘The first i
. 25 1bs. of N was applied in a oompound fextilizer whlch also supplied =a basal .
dreasing of phosphate and potash. Phospnate and potash only were appl;ed to-

those plots which received~no nitrogenous fertilizer.

The individual plots on this occasion were l/bOOhh aore being 61.5 feet
long and 3.5 feet broad.‘ They were divided along their lengﬁh into 3 equel paris
Herbagé aampiés were obtained from the first part at the grazing stage, from
the second part at the silﬁpe stage and from the thlrd part at ﬁhe mature hay
stage.f The iertllizer tremtment applied to tho individual plot ig shown in

Fig- Te

Fig.wz/



- Cut 2 < gray

Rt ¢utfé:é;eiiz

75| ot 3 - mey

'ﬁlevelllng out of the crude prnteln eontents of the variously treated plots.."
;.iThe copper and orude protaxn oontents of the variously treated plots are detailed

i ii’.l Tdfble 22- - \:"’

Desblte the‘lnadvertent édaltjon of ielb11129r aiter the- 1n1+ial eut it
if;waq stllj poss:b]e to corrplate the - copper and cxude ploteln contpnts of the

_ herhapea‘ waever: the results of thls experiment are not descrlbed here but w111
be deferrod to pagell}umill the results of a similar trlal oarrled out in 1966

:;are presented when both msns of rc&ults can- be ex&mined tngether._

Dable 22/
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Iahlel 22, Gu eoncentratlon {p. p.m.) ond crude Jrotezn oentent (%) of herbage :

o aamplea fmm N treated. ;Qlots. L

lba. ‘:N a0Y0

Cut 1 = grazi‘ng‘j gtage.

Gut 2  silage stoge

Cut -3 - meture hay

Mean Va.lues‘ lst Gu'b
 2nd Cub
srd Cut

" Qverall Mean

- 1966 Eggpe:éilﬁent/ .

.

E e - TR SR O WP R VV |

93
7.5
6.7
' 6.6
5.8
6.0

5.9

;700

8.0
6.7
5.0

842

6e1
6.7

1.0

25
9.2 9.7 12.0-10.8 -
9.7.10.5 -
:9-9 _
949 11.5 .
T.9
"‘7..6 V
ey
6.7 -
8.0
7.5

1.8
7.9
6.4

72

:).6

.Q‘
7.1
- 646
6.5
5'7

50

9.8 133
7.4

6.4

7.2
5,0

6.
6.3

7.9
53
8.7 10.0 10.4 10.2

75

7ol
6.8
7.0

2 6,7

7.6

6.5

6.5
5.6

. Copper '»ﬁonden"éra‘tioh_'
100

8.1

8.5

5.4

6.1 6.2 6.9 T.2

6.5 6.7. 6.6 T.4

Tel

7.6 7.9 8.3

Grudg Prot‘e;n Content .
0 25 50 75

18.5 20. 6 23. 2596. 26, 7jf?

16 6 22 1 24.0 96 4 26 7

' 16 3 18 .3 29,9 25 8 27 0

1643 1246 1444 17 9 18.2
©18.1 16,9 13,7 14.8 4.4 -
L17.6°15.3 17,1 15 6 16.4

13.1 13.8 12, 5 1@14 15 0 .

10,9 11.8.11.7 15 4130

1%3.3 1. 7 1l 3 15 0 1]«

13,0 12.6 1;.’5 14.7 13 9

9.4 11. 3 8,9 10.6 10. afa,”

17.7 20,1 22.9 25.9 26,7
11.7 11.9 11.3 129 11.7

C15.2 15.5 16.2 18.2 18.1
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5*;4 In the 1966 trial only 4 different N treatments were used Theéé'wefe?é‘”

"70. 25, 50 and 100 lba. N/écre.ﬁ The 1ayout of the 1ndividual plots, each of

_’1/200th acre, is shown in Fig.48.4~v

”; th;5$,:Aﬁ5*6ut éf PIdféfﬁf ; "i”f_g?ff\ 66. . .

o o e o o e S S R T S WS SR W

‘Cut 2, Silage

Ll e D e | Mt miverdinl wiat mate)  Tolas [TTEINy SY-vy SAFUNY | UGN Sy FOUR SpRp——

N Ibs/acre 25 |50 | 0100} 50| 25100 0] 25/00| 0| 50]- 0| 251100 50 |- Cut 3. Hay. .

Bepliogte ~ 1 . 2.° . 3. o4

ﬁ- The plots wexre again lelded along their length\into 3 equal parts.~
Herbage samples were obtained from the first part at the gra21ng stage (23 May).
from the seoond.part gt the silage stage (13 June)uand.from the third part at
the matﬁréfhay_stage;(A July). The copper and orude protein contents of the

variouslyﬂtreateilplotsvare detailed in Tablg"23;‘
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,Tab'ie 23. GOpper ooncentratlon and crude protem oontent of herbage from N

treated plots. .

Cu congentration (p.p.m‘.) _ Qrude profein content (%)

Cut 1 - Grezing stage O 25 50. 00 0 25 50 . 100
: 1 7.3 9.2 10,1 10.5 °  19.4 .27.2 31.8 33.4

2 8.9 .9.8 - 9.6 10.3 ° 21.1 24.6 29.6 33.2°

3 8.3 9.5 10.6 10.5 ~ 20.6 -26.1 29,7 33:1

4 8.2 9.0 B.6 10.3  18.5 26.6 30.6 32.5

Cut 2 » Si‘lage ste»z_;gg. )

| SL 52 98 81 9.7 13.0 14.0 20.5 241
2 19 %3 T.7.12.6° 158 144 17.6 24.2
3 7.7 6.8 8,9 6.1 1 13.9 13.8 18.8 21.7-
4 5.9 T.7 0.6 8.4 12.5 - 14;5 17.6 20.4

VCuii-.v"S - MattirefHa:y o B e e e

o L1 5.8 0606 6.9 645 1045.711.6°12.4 15, ’
2 S”Sﬁgfﬁ,o 5.9 6.0 gpii;eg“;2;4;¢13 7;] 8.4
4

-'5 4'{;2 65 6.0 6.4 1027105 1L, 1‘ 15,600

": Mean values 1et Cut 6. 2‘:}9 4'nf9}7 ”i¢;4i"f‘;;;g,9;;2%;1 30.4° 331
" 2nd Cut '6,7'_58 4 8.8 9.2 13.8 14,2 18.6 ' 22.6 -
Mﬁgd Cut 5.7 6.5 6.4 6.4 ¢ 112 1LT ] 12 4 17.1

OvemsllMemn . 6.8 8.1 8.3 BT 150 17;3f,2o;5‘“é4.2 O
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ln the 1965 triel those plote which hed received a dreaeing of 50. 75 and
100 lbe. of N per acre had much higher mean copper coneentratlone (10 0, 10 4

and lO 2 p p.m. reepectively) at the first cut than thoee of the plote which had

l"ireceived 0 or 25 1be. N per “acre- (8.2 and 8. 7 PePelia” respectlvely) The erude

_1-proteln oontente of the herbage increased progreeelvely with each treatment -
jifrom 16 ﬁ% for the untreated plots o 27.07 for those plote whioh hed been given*
100 lbs. N per acre. Nb OOmperlsone oould be made of the -effeot 'of the nitrogen
treatment at the nexte2foute due toAthe inadvertent and incieerdmlnate additlon

of nitrogenous fertilizer to all the plots.

- At the first 2 cute'taken‘in~1966‘the ﬁean copper ceneentrations of fhe

. variouely;tﬁeated plots‘ihereaeed'peegreesively ﬁith-eaehlﬁrogreseiﬁe increaee>
. in eheTamoﬁnt of nitregen epplied. This. wae also true of the orude protein

oontents. The results of the 1966 experiment confirmed the i inding (already

reported in Experiment 2), that the copper concentratlon of herbage deolined

progresgsively as the herbage matured. Thie was again paralleled by a reduction

in the protein content of the. herbege with maturity (see Eig. 9).

No such generel trend could be deduced from the Tesults of the 1965 triel.-
Nevertheless the coppef‘concentretione_of the. second and third cuts in 1965
‘were eppreolably lower than thogse found for the initial sﬁmple teken at the

grazing stageé (Table '22).

Fig, 10 shows the relationship between the copper concentrations of the 108

~ herbage/.



| "wfherbage samples. obtalned from the N treated plots in 1965 and 66. and their
. rude protein contents. A regression caeffioient was calculated and this was

»#:found t° be hi&hly Slgnlficant (?«i 0.0001) thus proving that there vas a jr

-??ficoncomitant declxne in both the copper concentratiqn and the orude protein

P ycontent of the herbage samples examlned-;;j-zjffpgfof;; ;:rwf
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b

"Fig 9. . Changes in:the'mean copper and crude protein contents

-6fwherbage_from nitrogen-treated plots growiné to maturity.

Cu. ppm’ e o . Crude Protein, % ‘
S : S ‘ 4 lbs N/ac.

10

Grazing . Silage -~ Hay © Grazing Silage Hay

Ly . gl g " I i |

T30 1020 30 . - 30 10 20 30
‘May '“ -~ June S May June
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. Pig 10... The relationship between the copper and: ;p;'otein contents -

of 108 herbage samples. . .. .0
Cu. ppm
14

12

.10

Cu.(ppm) = 3,82 + 0,221 X Crude Protein (%) .

be s:l.g@ P - o 0001

10 15 2 . 25 730 35

' orude Protein %
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Dieoussggn of1Results from Experimeﬁte:l = 3. - '.2 o R

Applieatione of up to 20 1bs. oopper sulphate per acre. produced no |
pereiatent elevetion in herbage eopper concentrations. Indeed in only a small ??
proportion of the treated plots was. there even & temporary increase in herbage ;;
copper concentration due to thertreatmente.given, Theee findings are in agreemen1
fwith those of Morgan and Clegg (1958) who' also found only tranaitory increases
: in herbage cepper oontent due ‘to the application of a- oopperised fertilizer.
Morgan and Glegg, however, oonduoted their trial on a demp, acid, peaty -soil
4-typ10&l of those areas where 00pper deficiency 1n plants may be found. The prese)

experiments were undertaken on & heavy 1oam soil.

» 5:These reeults-epoear to»be in éirect oontfast to those of triale condﬁcted.‘

“in the North of Sootland by Mitohell et al, (1957a) and Relth end. Mitchell (1964)

who reported persmstent 1noreaaea in herbage copper concentrations following
j¢5011 treatment with oopper sulphate.v waever, the inoreaees recorded by thesa

fworkers were largely attributable to the merked responee by red clover to |
v‘treatment wath oopper oulphate. Inoreases in the order of BOQ% were reoorﬂed. ;;)
ffThey reoorded only very small increases in the copper: oontent of the grass~
'sp901es=analysed., There was initially only a very smell proportion of clover

~'_<‘£_9%) and eventually practioally none in bhe herbage on the plots uaed for this

” npreeent experiment. Thle differenoe in the composition of the eward between the‘;
’ plots used in the present experiment and those uaed by Mitohell et al. almost

o oertainly exnlaine the differenoe in response to the application of oopper

ﬁﬁqulphate. P

"~ Applications/"




Aﬁpliﬁéﬁioﬁé ﬁf ﬁighxléséis of-ni%ibéég}feiﬁiliZersipﬁﬁri&ii&xiﬁeréaéed'jji
lherbage copper concentrationa at eamiy growth stages. Tﬁis.waé a“oonsistent‘
finding in each of the yearq 1963. 64 and 66 and oonfirms that of Hemingwey
(1962). Arnon (1949) has reported that oopper is concentrated in the
ohloroplasts of greéen leaves end as nitrogen appliaations increase the proportion
of leaf in herbage this probably asccounts for the elevation in copper'content

following hitrogen treétﬁent‘of the herbage. -

: Liming at rates of up té 4 tons / écre.was found to have no effect on

) her%age cnpper conoentrations under the conditions of the preaent experiment
oovering 3 growing seasone. This iinding is in subatantial agreement with those
:f of Stewart (1951) and Barlow et al. (1960) whe repcrﬁed no oorrelation between o
klisoil pH and herbage copper concentrations. Mitohell et al (1957&) and Reith

and Mitchell (1964) reported that 1im1n5 depressed herbaga copper concentration :
| but recorded only very small &eoreaees (fxom 0.5 = 1.2 p.p.m‘). These did not

ocour coneistently but were more 1ikely to oocur on oopper defioient soila. ,-.

The copper ooncentratioh of herbage~was founﬂ to decline witﬁ plant maturiiy.
This findzng which was hede initially in 1964 and 1ater confirmed in 1965- and
1966 has slso been recorded by - Fleming (1965) end. Kirohgessner (1965) Thls

deoline in herbage copper coneentratlon was fcund to parallel that for the s

orude/
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:{%crude protein content of herbage and a highly slgnifioent relationahip was .
)"jffound between herbage oopper eoncentratione and crude protein contente. This
‘;freletionehip ie of importenoe in agrioultural praotioe in thet the longer the
'_‘delay in eutting herhage for hay'end eilege the lower will be their proteln end'
*fcopper contents. The decrease in the crude protein uontent of herbege with ‘age. -
A ig'a well known fect but the 1ink between this and the oepper oonoentration of e
’herbage hee not previeuely been identified. An eeenntially eimilar relationehip'”
'1:between the eopper concentration of a wide renge: of herbage speciee and their true
llprotein content hes been reeorded in 8 very recent publicetion (Rasheed and Seeley
%fL1966) The importence of thie relaﬁionsh;p with regerd +o exlege dnd hay prompted
fﬁéa survey'ef sthe pu otezn and. copper conoentratione 1n & 1arge number of - hey and

eilage eemples grown in Scotlend.

:A uurvex f the Copg r, Protein end Galelum Ooncentretione in Hax end Silgge

'Grown 1n Scotland.

It ig evident from the werk reported 1n Experimente 2. and 3 that with
advanclng herbage maturity there ere depressione in both the eopper and protein
concentrations in herbage. There ie eleo evidence to euggeet thet applications

) of nltrogenoue fertllizer mey increase copper coneentraxlone. Experiment 2
tdid not cenfirm the exietence of any relationship between llmlng and coppex
conaentretioue. However, in v1ew of the widespread belief that under practxcal
':imfarmlng conditione the uee of lime. inoreaees the 1n01denoe of ewayback it wae
'fé}thought that a poseible reletionehip betueen oopper and caloium miaht exist .
i if & wide renge of herbege samples wers examlned. Accordingly; it wae declded o
‘ 7;“%0 determine the copper, protemn ‘and calcium concentration in a: wide range of . haf

ent/



7120,

 jand silage a&mplea;grawn;iﬁ Sco%lan&;"

: ThlS survey was oarried oub for two addltional reusons;_ Firstly zt was done
:to fill in a gap in- the exiatlng knowledge of the overall ploture in connectlon
xwith the adequaoy or otherw1se of - the amount of copper supplied in the" staple'
dl@ﬁ of a 1a1ge ‘proportion of the farm 11vestock An: th;e oountry. Seoondly,flaf-~
to ‘assess whether the recent A R.C. (1065) recommendatlon of minimum dietary

1evels of 5. and 10 p.p.m. Cu for sheep 9nd cattle respectlvely -can. be readily
achleved on dlets con81sting largELy oz hay or silage.x This is espeolally
' 1mportanu in self—feed silage systems where 1itble supplementary moncentr&te feed

‘T‘ls offered.

Ash%ﬁh and3Morgan (1952).exaﬁihedfthéfminaral compogitibn‘0£ 45_égmp1ébl
of meadow hay and 55 eamples of aeeds ‘hay grown in wales.'_Theixrgeauits were

& followa:-ﬂf

Cu . o] -m.o)'

© No, dfgsagﬁiés.; ‘
L e e : "mean:A" 7 84D _;;\.meAn S.D. _ range.
Meadow Hay . 45 .+ 9.6 x 1,52 . . T £ 2. 2 (4 0 -12

—

CSeets ey 85 9.0 x. 2l S5 x L7 (2isC

‘ .’hl“t;,l'z_ci_izéh/" -
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, Although signifloant differenoes wele not obtained there Was some tendency
\for seeds hayy whioh surprisingly had a rather 1ower pruteln content than meadow
.hay,‘also to contain lather:}ess ooppep.- They‘recorded that‘24p of the samples
. of meadow»hay and 450 éf fﬁe-séﬁpleﬁ of séeqs hay'éontaiﬁéd‘less than 6,0 p.p;m;

Gu.

- Kirchgessner (1965) has recently reported the results of analyses of more th
. 200 samples of meadow hay grown in Germany i% of the samples were found to
. contain less than 5 DsPem. Cu and e further 85% centained between 5 and 10 p Delle

: Gu;"

 fhe semples obtained in the present work wefe'thoée.submitted to a labora-
“toxy which undertakeg:a wide range of analyées‘fqr advisory purposes. “125~hwy:
‘-an@ 152»siiage.samples from one winter season and representing farms from aii“
over:Scﬁtlandrwere colleoted. They were, howevei. more in the nature of é
forﬁnitﬁué selection fathér‘than éf & true sur@éy, These SEmﬁles were anaiysed

for cdp@er. calciun and orude protein.

‘Tables 24 and 25'present the copper, calcium and cxude protein .conbtents

of 125 hay and 139 silage samples respeativeii.
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The %lorude protein was taken ‘a8 a measure of maturity., Grude“pro%ein-
jcontent is a rather better 1nd10ator of advancing maturity than orude fibre ‘ B
‘oontent as the range of values found for the 1atter quantity is not 80 w;de,;Q :

" as for crude proteln. ;:

The percentage dxstrlbutlon of- hay and silage samples within a range of-

ol p.p.m. Cu. from 3 - 20 e p m. is presented in Teble 26..

_Table 26 Gopper concentratlon (D D.m.) in 125 Qles of hay and 122
S samples of silage ggown in Scotland

e ‘ . % of samples : ’ ' o
Copper psip.m. in D.M. 125 Hay Samples -139 Silage Samples 264 Hey & Silage

B E . Samples. .

‘ 3:0’; 3.9 6.4 0.0 )

R 1.2 ;17.6 PP ; 2.2 3.0 ) g5
5.0 m 5.9 17;6'3 5.0 - 11.0

7.0 = 7.9 - 14.4 372.0 1340 ). 59.2 13.6 ) 65.3

8.0 = 8.9 . 8.8 14.5° 11.8

9.0 *3909 8.8 ) o . 16«6 : 1209

10.0 -;10;9 3.2 ) 15.9') 9.9 )
11,0 =~ 11.9 3.2 7.9 57 _
12.0 - 12.9 ‘0.8 ) 8.8 3.6 ) 33.1 2.3 ) 21.6
1300 - 1309 0.0 104 007 i
14-0 Al 14.9 1'6 4¢§ 3.0
15.0 = 15.9 0.8 ; 0.7 0.7
16-0 - 16.9 008 104 112
l$.0 “1709 . 0.0 106 104 5.6 0»7 306
18.0 - 18.9" 0.0) 1.4 0.7
19.0 - 19.9 0.0 ) 0.7 0.3 -

"5'méan : 7.06 - 9.61 S 8.0 L

‘8. Dev. 2,49 + 2,95 - A 2073

i+
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The mean concentration of copper in the 125 samples of hay was 7.06
A'i 2,49 p.p.m. This was significantly (P<0.001) less then the meen copper
concentration in the 139 samplés of silage (9.61 + 2.95). "1’;.7.6%01' the hay
samples, but only 2.2% of the 31lage samp]es contained less than 5 0 p Pell. Cu,
A further T2, 07 of the hay samples and 59.2% of the silage samples contalned

vbeﬁween 5 and 10 p. p.m. Gu. Only 8 small pr0portion of hay- (1 6%) and 81lage

'i-'(b.ﬁ%) gamples” oontained ‘over- 15 p p.m. Ou, and none had more. then 20 p p.m.

. Eﬁgure ll-shows the relationship between the crude prgtein and. copper
.concént;ations of the hay and silage samples. There wefé highly éignifioant ‘
(P< 0.001) correlations between thé-concentration'of copper‘and %hé orude
protemn content: in both the hay and 311age samples. Regression equatlons
were oalculated for the degline . in GOpper content wibh that in orude proteln
cont@nt. These werei-

Hay ° Copper (p.p.m;): =, 3,66 + 0;539 x Crude Proteiﬁ%kA(tVf 4.95) :
Mean Crude Protein = 6.31% + 1.89. :

-§j._:_l._§g_§_ Copper (p p.m.) =3,90 + 0.587 x Crude Protein % - (t = 7.40)
'~ Mean Crude Protein = - 9, 737 + 2.68.

These tﬁq relatioﬁships are\very similaﬁ and;there-waé ﬁo-significaﬁt
‘:‘difference between‘thé-two regfessioh coefficien%s. it may,utherefore, be
con31dered that a8 herbage maturea from the "early. silage" to the "late hay"
.stage there is a oontxnuous ‘decline in both crude protein and copper concentra-;
tion. The mean concentration of calecium -for .the hay samples (0 47% +.0. 166 )

was slgnifloantly Less (P 0. 001) then that Foxr the silae;e .samples (0. 63% + 0. 19

;N~}'N9/*
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'i4 Pig:1l1, The relationship between thp copper and crude protein

contents of 12% h&y and 139 51lage samples.

| g ‘Cu. ppm

'"5ﬁ1_125 Hav samples.

30 . e . e Cu (ppm) = 3,66 + 0,539 X 7 c.P.

_ . ‘ - b 81g @P =0, 001
| | L L i I 1
) i e . : M

18 139 Silace samples. S E : .

.

- 12

s L T ou (ppm) = 3.90 + 0.587 X % G

IR L SRR : b, sig @ P = 0,001
Y ML SN TS B R I L
2. .4 6 - 8 0 .«.12 . 4 16

Crudé Protein %



A

:‘;NO corralatlon was found between the copper and calclum concentrations in

o alther the hay or silage sdmples ( Fig. 12)

On the basis of. the results found 1n this survey, therefore, llvestock
whlch are belng fed on dlets composed 1&rgely of hay or silage and particularly'

 Awhen these are made from mature herbage w111 in a large’ proportlon of cases

o be consuming a diet whlch dees not meet the recent reoommendation of the A R C.

in. respeot of ita toﬁal copper oontent. Only 25% of all the hay and ailage
gamples examined hed more than 10 pe.p.m. Cu which is the minimum dietary level .

- recommended for cattle.
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Seéﬁibn IIi;f -'Sheep at Pastqré:

B

mg \cﬁl)pg:i:' status of E;héeﬁ Esaffec{;’ed.by

lj::?astuge téé dréséiﬁgiw%gh co§?e§isulﬁhat§'éﬁd ﬁiergenoug‘fértilizer.
' 2) "f}x.min‘g.__" :
_'5) iQx%} édminisﬁﬁafiogjbféﬁaﬁioué ébppér?ggﬁ?dﬁéaa;i

4) Copper injections.



Cn130s

Experiments (1 - 3) desoribed in¥Section II wera conoerned with the=

'1 effeots of 1ime. nltrogen and coppar sulphatiton the copper status of herbagef?j?

f*fcut generally at the silage stage.‘ The efiects; f'these matorials on the 5

- compoaltion of herbage at the grazlng stage may be rathar different. There _ffff

s%also the other posszble fao ‘r of a chanpe 1n the availabillty to the

Tu{}animal of thp copper of differently treated hexbage. ‘

The most usefulsmeasurements which ean be made in thxs dlrectlon are changes

”lin-the concentratlon of copper in the blood and liver of grazmng animals.,_n
‘T'Sheep have been used in the present work to allow for the use of sufilciently .

) 1arge numbers of animals to enable the results achieved to be examlned

; statistloallv; A number of experiments (desoribed 1n thll present sectlon)
'h‘fii}have been deszgned to measure the Btorage of copper 1n sheep gra21ng herbage)hkN‘

' ;jltreated with varylng 1evels of- Nitrogen, 1ime and oopper.‘ﬂﬁ”‘f*:

,Expegimeﬂﬁ;4;: The Effect on the copper status of grazing sheep of pasture

treatment with . oopper sulphate and N fert;llzer. ,"

Thls experlment was. designed to study the effect on the blood and llverl.
oopper status of sheep of ! | |
a) top dr9951ng a pasture w1th oopper sulphate and

g-b) the 1nfluence on th;s of different rates of nitrogenous fertillzer

: appllcation.'

Pasture treatment with oopper sulphate has not been_ used to any great

extent/
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extent in Britele-as - % meane-of correotlng 8. deficieney in grazing.liveetook. .
-;This experimcnt was designed to asseee the value of euch treatment in ;_;
‘11norea51ng llver oopper eontents in sheep. lt was also undertaken to determinei
;whether there would be any inorcaee in the amount of copper etored in the liver;
'as a result of treating. the pasture with high levels of nitrogen fertlllzer.
A further aim wae to aeeeee the rlsk of chronio coppex toxielty oocuring in
sheep grazing pesture fer long perlods whloh had been top dressed with fairly

high levels of copper eulphate.

Eﬁﬂﬁﬁi- Four different pesture treatments were employed (see Flg. 13)
These werez-.g ' ) ‘ - .

1a) Low N (1 cwt/ecre Nitromchalk) e BT 2
B) IowN ( " L L 1o § :bs..Cuso .SH O/aore)

4
¢) High N (3 owt/eore Nitro ehelk) -
d) High N ( n moomo w400 lbs. OuSO4 «5H O/ecre)

Each of these treatments was app]ied twloe between early July and early
. September 1963, The total amount of copper sglphate’givanuto-the-treated
plots was thus 40 lbs/QCre. -To ensure even distribution the copper Sulphate

. wWas mixed'with gawdust before epreeaing-fe.iﬁcreese ite;bulk.A

An area of ground {immediately adjacent to and of the same herbasge type
as the sites of Experiments 1 - 3) was divided into plots of 0.4 and 0.8 sore
(Fig. 13). ‘These areas receiving the Low Nitrogen treatment ( 1 owt. Nitro-~
. chelk/acre) were 0.8 acre aed these which were given the High Nitrogen applioca-
tion (3 owt Nitro~chalk/ecre) vere 0.4 acre. There were £wo plots available
fdr-eece of the 4 separate t;eatments so that the herbage could be grazed end

rested/



- ﬁare shown in Figure 13.

s ‘:ie‘stéd al'témaﬁéi&.

| Fig. 13,
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Cu ©.50 1ba. CuSO «5H Ofaore (repeated) '

High N 5 cwt Nltro-ohalkjgore (repeated) o

Low N

Twenty eight Blaokfaoe 1ambs were uaed in thls experxment.>

T lambs for each of the different pasture txeatments.

1 cut Nitro-ohalk/aore (repeated)

S

The 1ayout Of the PlOts and their respeotlve treatments o
Layoub_end ;ﬁ‘s;tes' of treetment of plots with Nitrogen snd copper.

. High N
L ) T

. 12%72% :

| -Tﬁéée vere
'.~iweaned on 18 July 1965, ear +agged and randomly allooate& into 4 groups of

The lambs were nllowed -

to graze ‘the’ plots until they beaame fairly bare when they were moved to other

';equlvalently treated plots.:

Nltrogen/

The vacated plots were then rewfertillzed with
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iNitroan ane 00pper 1n order to preduce‘sufficlent graes to aiIOW'the 1am5§
'-to be moved "back into them when the others beoame bare. In practloe-the 1ambég
 were moved about every 3 weeks. Thls system was contlnued until 26 November :
1963 by whleh time growth had praohlcelly ceased and grazln was in very short
eupply. The lambs were - then remOVed from the plote and plaoed on a permanent |

_pasture where thev‘were to be over-wintered until they could be returned to

the. plots for another grow1ng season as soon as growth recommenced 1n the sprlng

Unfortﬁﬁately_Quring the'eoﬁrse_of the_winter the sheep were severely
eavaged by dogs. QOﬁe were killed and>othere hed to be eieughtered. Sinee the‘
numbers in each group were now 80 drastloally reduced it was deczded to terminai
‘ the experiment and the remalnder of the 1ambs were blood sampled and slaughterec

':on 24 Januery 1964. f

Seeultse .

Grese eemplee were obtained &t reguldr lntervals throughout the gr321ng
period. Samples vers not taken withln ? weeke of the time: of applicetion of
'eepper sulphate.' Theee were analyeed for their copper oontent and the- results

frof ﬁhe anelyees are. presented 1n Teble 27.‘ . xﬂ;_ﬁ} E

R Teble 27/
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A::Tﬁble~27 Oopper concentration (p p.m. D.M ) of pasture samplea taken frcm
o Jul, to Nbvemher 1‘6 . ’ ' ' '

. pgh N ;3nocu . :LoV4N'§7NbGu 11\~Higth +;éa';':‘ iow N - Cu
1é.f'-w3 . ‘183 “;',"149.7:’ S 34.2
1.0 C1ng Sos08 2047
13.6 S 15.8 - e 7.5

134 - VR 6.1 29.4

7.5 B9 5.5 1.7
1.6 3.8 "115'5.” - 54,7
3.6 0 122 a3 w0
11:0 - L-*:\ 1340 | B9 o 108.3
'13;0 | “»10;2" | 3w"x_44.1_~ _ 'v 65.3
s o 17 - 0.8 .. 30,0
19.2 14.6 6849 52,5
17.2 - ETYCREE I 45.7

Meen 13.7. - 12.9 ' 60,6 48.6

7 The-oopper content of'thése-pastures treated with copper sulphate was
Aéubstantiallj and signifioantly'(P«ﬁc.Ol) higher than for the untreated pastures.
Thé mean. copper conteﬁt, over the grazing season, of the high nitrogen treated
plots Qas higher then that of the pldts reteiving the low nitrogen treatment. -

"Although/




}:‘on herba5e copper concentration followed the same trend as’ that reportad 1n

'A]though thls dlfferenoe was not signifloant the effect of nltrogen applioationaﬂ

”3 Expernment 1. The increase in tha oopper ooncentration of the copper treated -
VAplots was very much greater than that found in Experiment 1 xor simllarly
_treated herbage. This was, possibly due to surface oontamination although no |

grass samples were taken wlthln 14 days of capper sulphate applloatlons.

*“i~;Another factor might have been a greater dzlutlon effeet in the small plots

in Bbcperimen‘b l whe:ce the herbage was allowed to grow for a. month 'before samples?

i7§were ebfained. Also’ 40 lba.~0u90

4.5H O/aore waa applied to the plots in, theﬁj;{

P)lfpresent experlment compared to a max1mum Gf 20 lbs/aore to the plots 1n

f& Experlment 1. The copper conocntrat;on in the herbage of the plots receiV1ng :
-  ;no supplementary ceuper remalned failly constant over the perlod of the

 experiment.

- Blood Copper coacentggﬁion;

The mean blood copper concentratlons of tha 4 groups are shown in

" Figure 14. The individusl values are detalled in Table 28.
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“Low N + Cu
. Low N

High N + Cu
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The blood eopeer eoneentrablone of 511'4 groups were: faerl&:elmllar
"onr the ilrst 3 monthe untll 7 November 1965 when the mean. blood oopper
ooncentl tlon of the sheep grazing the ngh N - Gu plots rose ﬁo 1. 45 p.p.m.'-
:It remalned constant at thle level for a further week but by 26 Nbvember 1t
"Ihad returned to & more normal 1eve1 of 1 22 p p.m. Apart from this there were
iivno other differences 1n the mean blood copper eoncentratlone ef the 4 groups
until the flnal Sampllng Juet before slaughter. On this date the meen blood
,copper ooncentratlonsof those sheep whlch had been glazing the copper treated
paeture were ulgnlficantly (P<—0 Ol) higher than those ‘of the” eheep ‘which’ had

_been graz;ng untreated paeture.

This. diffevence.occurred two months after fhe sheep had been removed fromi'
“!the plots.. Thls was probably due to the - fact that the sheep which had been
grazzng the treated pasture were releae&ng some of the copper store which theyj;
;ehad built up 1n thelr 1ivere to mqintaln e fairly constant conoentration of |
'oopper ir thelr blood. The fall in-the blood copper-ooncentratlon of the two |
: proups whlch had~ been grazing untreated paeture was. probably attrlbutable to =
a- reduced and perhape 1nsuff101ent 1ntake of SYAEs - rather than to an actuel
:*defioieney_of-eopper 1n.the pasture. The copper content of the permanent

- :paetﬁre waeilﬁis'p,p;m,‘_ h
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Liver diy weight, copper concentiration and total copper content.

The individual end mean liver dfy weights. 1iVar-ooppér conceﬁtrafibns

and'total liver-copper confents ofifhe,4 groﬁps are 1isfed;in Table 29.7'

_ The mean dry weight (162g) of the livers of the Migh -N—'Oﬁ treated group . - |
vas significantly (P« 0.05) higher than thet of the Tow N-Cu group (1?5 g8)
There were no other significant differenqes‘in liver dxy weights between

. groups. .

Both groups of sheep grazlng the copper treated plots had mean 11Ver‘:'
éopper conoenbrationa and tot&l 11ver copper contents whlch were aignlficantlyv

(Pd<0.01) higher than those of the two groups gra21ng uhe-plota whlch had
recéivad no supplementary copper. The totai 1iver copperﬂconfents'of-both
"groups grazxng the high nltxogen treated plots were higher than those of the
comparable groups grazing: pasture whlch had been given the 1ow nitrogen treatmen
- The differenoes, however, were not slgnifioant but they do r@flect the same ijff
ltrend a8 wag’ found for the herbage samples from the p]ots whare those whloh

had been treated Wlth the hlgh level of niﬁrogen had higher ccpper concentra—ﬁ?f

tlnne than those receivzng low nltrogen applications.

The 11ver cogper concentlations of the qheep which had been grazing the
oopper treated pasture were. perhaps. not as. hl h as might have been ez pected
.1"1n sheep which had been 1ngest1ng her%age conhainlng 50 ~ 60 p. p.m. Cu for
1several months. As already mentioned in connechlon wmth the blood c0pper

lvyconccntrat10n°/
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,'&516.2 . Individucl and mean liver dry weights, livég-édpper7édhéénﬁratigng -

and total liver~copper contenis of 4 group ] _sheep.

. Low XN + i - __- : o . Low N

No. Dr{ Wha 6u Concwyu.thal éu ﬂﬁb. F«Dry.wt. ‘JOu_gon¢,y77Total Cu’
&) (pepem) - (mg) (& (pepems)  (mg)

864 161, 317.4 51,2 865 199 8.7 3.7
874 107 489:4 522 866 211 - 19.3 44l
875 133 78445 ~  104.4 876 121 19.0 . 2.3
882 149 187.9 28,0 881 137 49.4 . - 6.8
883% 99 266, 7 26,4 884 . 143 36,8 543
891" 108 12846 13,9 890 122 332 4l
892 103 3445 356 893 128 . 3T.3 4.8

Mean 123 35949 s 12 30,5 R

High N + Cu . High N

867 205 403.8 . 82.7 869 123 1509 - 18.5
868 154  225.3 3446 B0 162 7.0 T 6.0
872 179 680.4 121.7 871 147 722 1046
877 180 - 3411 - 6L.3 878 150 4l 0 - 6.2
880 143 13295 4740 879 125 . 19.9 2.5
886 129 457 5.9 887 . 118 38,97 446
- 889 149 B4T.7- 51.6 888 . 113 56,1 6.4

Mean 163 33941 © 5748 S s 1.

LD, 303 1610 261 50035 161.8 0 26,1
(P<0.05) : S o
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: L.concentratlons 1t seems probable that. the total 1iver copper oontent of the

T eheep had been depleted during the 2 months einoe they were removed from the .

fcopper treated pasture. Thls suppoeition ie euhetanﬁiated by the faet that
Q_; one sheep from the- Low N-Gu treated group, whioh was slaughtered on 28 October h
-1963 as’ it had. foot~rot, had both a very much higher liver copper ooncentretion%

'fl;(lll7 D. p m.) end total 11ver copper content (305 mg) than any of the sheep

'f,ffrom elther of the two copper treated groupe whieh were slaughtered in January

: 1964., Theee amounts ehould be contreeted with 8 mean liver copper oonoentra»
: ‘flon of 350 Do p.m. end a mean total 1iver copper oontent of 52 m@. for both .“

Téroupe grﬁ21ng the copper tre&ted plots.-

It would appear, therefore, thet 1iver reserves of copper 8T6 mainﬁained gf
only for as long as the anlmal hee an’ adequate or more than adequete dietary
intake of copper. If there 15 a change to o dlet supplying 1nsufficient copper=:

‘for daily requiremente then the existing storee of oopper 1n the llver will be ;f

f?.releaeed and %he GOpper concentratlon will gradually fall. If thle were the

"1caee there would appear to be 1ittle danger in feedlng a ration oontaxning

o :excese copper (;?25 Pe D.m.) to sheep for a ahert period provided that they

. were then alloued to feed on a diet which had a normal or below normal copper
="ontent (5 - 10 p p.m.) es durlng thie period the copper stores, which ha&

~been bullt up - 1n the llver. would be depleted.»;‘,“
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* Experinent 5. The Bffeots of 1) Liming of jaatu:ee o .
T Yoo and ?) ragular oral dopape over prolonged periods with'

.*a' cobber sul‘hate _b) oo er‘:l‘oine and o) copper disodivm-

- . ethylene diamine tetra acetic acid, on the blood end liver cogper»

Fsustatua of sheep.

| Limlnw pasture has been one of the many factors implioated in the aetlology
'of"éwayback. waever, there has so far been 110 published evidenoe whioh shows
-'_.that the GOppar status of sheep has been 1owered by applications of lime to
n.pasture. ‘This experiment was desxgned ta determine the effeet of liming a

pasture on the 00pper stgtus of sheep grazzng_thereon over a prolonged period,

o The réte of oopper ébsorptlon and storage An the liver followzng oral
Tdosage of various ccpper compounds has elso bheen investigated uaing 51m11ar
sheep'graZan unlimed paature. This was undertaken fo]lowing reports that
i‘some copper oompounds, particularly copper glycine and copper EDTA, were more
read;]y absorbed ‘then copper sulphate which is the material in. g@neral use . as i
.'a prﬂphylactlc treatment for sw&yback. A comparativa qtudy 13 made here of -
ﬁhe degrees of' abspﬂptlon ‘and storagg of these~¢hree«cpmppunds oompared towa
oonﬁroi groﬁp of untreated sheep. A study was also made of the ohangés.iﬁ iron

concentration in the blood and livew.

Layout. Nine plotb each of 0.8 acre were available for this experlment._

' The herbage was predomlnantly cocksfoot/perennial rye Srass with gome crested

A,
Beon,

dogatail and was cqnsidered typlcal*QL improve@:upland pastg;es.

_ One/.
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One °f the PIQtS Was 11med (1“ tons groundilimestone/aore) in the L

' ;sprlng of 1964 and 2 further plots were slmllarly treated 1n January 1965. ilT'”
~'There were 6 unllmed plots.’ Nitro-ohalk (1 owt/acre) applloatlons were made

" at 1ntervals as requlred to meet the grazing requlrements of the sheep.

Thlrty orphaned Blackfaoe 1ambs whioh had been reared frcm birth 1ndoors ?5

e were randomly diV1ded inte groups of six 1ambs yer grmup.- One group was

) allocated to graze the llmed plots while the other 4 groups were to graze jff=:~3
“the unllmed pasture.' One of these 4 groups aoted aa a oontrol group whlle the f

'remalnmnb 5 groups were dosed each week w;th a drench contaanlng 70 mg Cu 1n

L -,the form of either a) copper aulphate b) copper glycina or. o) coyper EDTA. f

The experlment was commencéd on th@ 18 August 1964;; Th@ syatem of gra21ngfa
gtt_uséd waa as deucrlbed in Experlment 4, the lambs being moved tc fresh plota'ﬂsif
j when the need arose. By 25 January 1965, however, the amount of her%a@e ava;l- :
able in the plots wes insuffiolent for tha malntenance reeulremenms of the o
“sheep and it was decided to feed them some hay (aboub 1 lb/head per day
oontannlng 5.0 p.p.m, Cu) until aprlng prowth proauce& suffioient grass for
- their requlrements. Hay ‘continued to be fed untll 26 April 1965 On 31 May
. five -additional lambs were introduoed 1nLo the limed plots and . six addltional
.1ambs were added to the aontrol &roup. Four of these: 1ambs in each group were fﬁ

' Half-breds whlle the other three were Cross lambs- (i.e. Blackface x Cheviot)

o Désipg 5f_the 1amb8'in“the éopb@r.tréateé groups was carried on weekly ’

L ewon/
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,frcﬁ 24 Augus{ 1964‘unt%1 19 July 1965 by ﬁhieh time eéch hadsreéeived;S liS

gs Cu. The supply of. both Gu LDTA and Cu glyoine was exhausted on thls date
nand 1t was declded to - termlnabe this seetlon of the experlment and thp sheep
“in the three copper treated groups were slaughtered cn 22 July 1965. There

was still a plentiful supply of graes in both the 1imed and uniimed plOuS BO

" both groups of sheep -grazing these were . allowed to eontinue until the autumn.-(

- Ehese two groups were eventually slaughtered on 7 Octobex 1965.

" Herbage pamples were 6btain@d3frequently throughout the grazing period
and %hese were analysed for their'céppér cdntent.»‘Blood sémpléé were taken on
eleven different ococasions from the 1imé@ and control groupsand on nine
ocoaéions,from the thrgé100pper_treatedigrqups. The whole livers of all the
shéeﬁ ﬁére obtained at eléughﬁerlfor the<detérminatibn of dry matter content,

-copper concentration and total liverw-copper content.

Besults
Herbage Copper Concentrations

© .The copper content of thé:herbage sampiaéfobtaineﬂ are liated in Table 30.. .
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. Table 50 ogper concentration LLJ*HB of héébabe gam leg (fuge 1964 -

Qe'o'b 126 20
Limed mots' L " "Unlimed Plots |
1.6 155 81 8.8 9.9 153
6.1 - 10.5 . 1L5 8.5 6.1 12.3 .
1.5 8.9 - 12,3 8.0 9.9 = 10.9
(i 1047 - 9.7 T.2 10,1 942
7.8 .85 7.5 9.4 8.1 11.0
9.1 9.1 90 6.3 8.8 15,0
8.4 S 1.0 - 6. 8 . 9.6 9.3 12,60
‘-?Meﬁn‘ o .k8.9“(17 samplés)" S i‘”9.6j(3éﬁééﬁblé5)i
"Standard Error of - T - e
\ Mean .t 0.435 Lo 20.414
There wag no statlstically smwnlfloant dziferanoe between the copper SR

“concentrations of the Jlmed and unllmed helbages. This confirms the result
1eport9d in Experlment 2 where Jim1n9 was found to have no effect on: herbage

copper concentration.

A Bibéaﬁﬁopper Concentration. The 1nd1vﬁdual and mean blood oopper concentrations

"of the 5 gmoups at each sampllng date are presented in TabJe 51,
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able 5 .- Cont.!.nued. i RSP SN S

S Group Drencheﬂi with Cuﬁn() (70 g cu/week)

el 18.8 6ds wP~16/9;;‘ BllQ ?‘594/113f}p/12 14/1/65 12/55¥??1°/5Q?5M25/73;f

L 506_ © 108 1,03, 1,05 1,17 .90.87';w;x 20 .- 0493 | 0490 0,98
TB10 1 10.89 0,967 . 1,01 *g:;0.65‘3;0.55,;2¥0.92;;“*0-83v 0493 110
S OB L1200 1420 1031 01,12 0,90 C 0475 ¢ 0492 0,90 1,01 -
CUB120 0 0094 LB 14050 0496 T 0497 7 i0.9T. . 0,98 - 1405 0492
BBl 0496 . la2 1T 012000 0,96 (112 - . L

- Mean ~19621:1 fi1ﬁl0'ﬁ3 Giriz;f’%flwoé;Q}O-SBf'f§°;99 092 0,95 1 0.98

Cu Gl’y'clne Groupw,’

202 04931200 1,03 'f0.87:?’é;60‘{: 0,93 0,96 0,90 .0_9ofgé
103 73,00 0 L9 0,77 1,02 0 1,09 10050 - 0,85 0485 . 140 7

3040 1,09 . 1,14 130 10,95 1,08 ©-1,39 . 1,011 1013
0205 00620 1,15 ¢ 1,00 11412 1,04 1,21 . 0,92 7 1.08. 1,107
U106 0,75 0487 . 0,92 T 0,827 1402 0,92° 1426 1,06 1,06

'f"“;f2g107;;§r;cé75 R 1 S 1;19J*‘”10-98T'.0 66 0,87 0,96 1421 . 0:97.. .
. Mean  ;6;é2-ﬂu>tgiélé?jﬁﬁﬁo;§9"'- fo.96' 79.95.:}f1?03ﬁfﬂfog99'~ﬁfl-04‘-'xl 03 ?}
Cu }l‘a .D T.A. Group. g

sl 1150 L“1,23_:j~4 0.97 09T~ 0,97 0.98 0,86  1.02 0,95 .

302 00,80 1 14200 701405 081 1,08 0,92 - 1409 . 10,92 0,83 "

303, 0499 1403 14045 0.6 087 0.93 0,97 0,92 © 0,88

304.. 0 0,98 © 1.0 0,88 " 1,09 18- 1,07 . 0,90 . 0,92 0,87

B R SN0 1 17=~,f=1é09‘120,9§a,fa¢17.~3f0-98'*‘ﬁlioz"if0§981*§

U Mesn . 0,98 L8 L2 0,947 MO 101 096 . 0,96 0i0




‘ » Thc changes‘ln mean blood copfcr‘eéﬁééntratlons of the‘flve groups are
:presented nraphlcally in Ebg. 15 The mean blood copper concenbration 01
f‘the wroup grazing the 11med pas+ure was O 98 p.p.m. at the start of the.’
Aexperiment on 18 August 1964.- This 1evel fell ateadily over the néxt nLne
| months until on the 12 Mey 1965 it had fallen bo 0. 40 Pe p.m.. The cogtrol :
fgroup hed an 1n1t1al mean blood copper conoentratian of l QA De p.m. Thig rose -
slightly durlng the flrsb month but thereafter it followed the same trend as
that of the limed group by falling progressively, although not ‘80 repldly,

- unfll bv 12 May 1965 it had f&llen o 0.)3 p.p.m. After thls date there _
was & ranld increase ln the blood copper concentratlons of both groups such
fthat by 6 June the mean blood copper concentration of the llmed group waes
0,88 P.Pum, and that of the control group was 0.92 PeDells Th;s rise ococurred
‘sbmé time after ihe aﬁpaarancerof spring.groﬁth. Théffali'in»VHiées in the

- unsupbiemented groups maj‘have been due to the restiiotion-in pasture inﬁake‘
during Januafy to May. ‘Theré,had, however, been a steady fall piior to this.
'f'period. Thereafter, Lhe mean blood copper ooncentlatlon of - the 11ned group
again decreased fairly rapldly 80 that at slaughte? on' 7 October 1965 it was
0.61 p.p.m. During this period thg control group maintained;a-more or less
congtant concentration bf copper with the meéh value neférffalling below 0.86
DPePome which was the level on the 1ast-sampling dgte."During the-course of the

exporiment/
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Fig 15, Ghan‘g‘es in the mean blood co@er-coﬁcen‘tratioris of 5 groups

o

_of sheep grazing limed or unlimed. nasture

and in sheep grazing unlimed pasture and receiving

regular copper supplementation.
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_<experiment there were four occas;onv on whlGh the mean.blood oopper concentra—: “
y;tion of Lne 1imed group Wau sibnmflcantly lower than uh&t of the control grcup_:

5fand on. two othor occas1on$ this dlfferenoe approached signlficance. _'7

The mean blood copper concentmatlons of the three gruuys bein givon a
. weekly dose of 70 mg Gu vere . 1n1t1a11y 1 02 O 82 and O 98 p.p.m. rosPeetlvely;gi

: o for the oopper sulphata, copper glyoine and Cu DDTA groups. These all 1ncreased

i 5ii;in the first month followlng the oommenoement of d051ng to betwee’ 1 10 and 1 18

.ﬁr(ranbe O 90~m 1 03 p p.m.) thereafter. ane cf these threa groups ethzted

*a fall in blood copper conoentratlon cnmparable to that found for the 1imed

~ or control groups during the period Jﬁnuary to Mﬂy 1965 when some hay waa fed."f%

iiVerf&fY*weighﬁ;:1ivér*6épvef COﬁbéntratibn'andffﬁ%aiflivér4éonﬁéﬁfdonfent.;_5>

AThé 1ndlv1dual and meén valueé fév ilvpr dry mbtﬁer, copper concentration
l‘ \and toLal copper oontont of the flve groups are listed in Table 32.  -€ |
The neen 1iver copper concentratlon of - the 11med group (19 5 De p.m.)i r
Vzwag sxgnmilcantly (PgﬁO 02) lower than that of the control)f%ﬁ???prb,m.);' Thls'f*
was offset to some extent by the fact that the mean liver dry welght of tﬁe
‘oontcol sheep was just signlfioantly (P<;O Ob) lower than that of the sheep

grazing the llmed pasture., However if the mean total llver oopper content

::c}f/ j



| f%l':y’Ugggpplemgnted Sheeg. ;}-;gﬁ?*-'¢‘7fi

o 150a0

Lig;ed Gromg :\:- v c.{m‘xt rg '*'-‘G oii\

,N?é”‘ry Ve Gu Corioy.  Total Gu . . Mo, . ,f'nraar-“é"t‘_"-li’;':‘3“ Gonss = Total Ow
‘“.121;(6) :: \. (p.p,m-).",l;‘(Pgb.' ; ;L::Q;i;f (B)“f “ f(POP-ml) : ‘iw(ms) -

CUBOL Tee8 . By 22 o513 07 192 30,8 5.9
502 274 . . 10.8 2,0 7 .5l4 S 209 - 2862 - 859

L B0y 225 A6 3G3 0 s 816, - 1600 . 16,677 - 2,7

504 190 - 2646 B0l 7528 ATL 0 14144 242

5212 218 . T1449 7 32 05300 0 215 . 984 - 211
BT TR12 0 1 118 o 2,5 v .. 495 . 127 . 157.2 T 2040 -

- 86T 182 1562 - 243 . 7565 . 168 . 156.6 86.5_
569 1T 21,9 . 5. 3.7 . 566 172 452 7 1.8

570 - 185 : %?.0“ o Bk T 574 133 23,1 . 2.9

498 151 600 - 9.1 563 - 186 1844 . . Bed

499 ) 163‘ 1308 ' _.3;1 . 674 108  1804' . _Eoor

- 679 157 S ¥ TY 1.8 676 - 122 - 235 © 2.9

Memn 197 193 350 -_'4";1154 e 10,4
‘ 13;3;3: | ’ T - i . | . “ : ‘ A‘ “
(P=0405)3340 - 35T 58 - 33,0 357 © 548

O!Grcug ‘ ‘ Cu Glxciﬁe"‘(}rdiiu - ~ Cu EDTA Group

No. Gu Cono 'I'otal % TNoe Dry Cu ' Total % .- Nos Dry Cu Total %
\th&) (ppm) “Cufng) Gu Wte Conc Cu Cu Wt ° Cone Cu Cu
kored (g) (ppm) (mg) Stored  (g) (ppm) (mg) Storved

506 178 32997 - 5848 1.55 102 177 32546 5766 1452 301 175 340¢3 5946 . 1,58

510 179 - 29846 5343 1438 103 229 326,9 T4.8 2,07 302 150 4055 60,7 1.61 -

511 230 221.8. 5049 1.30 104 161 361.1 5841 1,53 303 219 36He2 B80.6 2.25 -

512°241 48562 11649 3442 105 180 30244 54¢4° 1,41 304 159 20846 33.2 0473

531 BT 4679 4047 1431 106 203 21444 43.5 1.06 308 155 4037 62,5 1.68
: : * .. 107 200 550,1110.0° 3,20 .

MeanlS3 360.6 64,1 1.79 192 346,8 66,4 1.80 172.545.3 5003 1.61 -
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of the two groups are compa?ed i% is weeh %haf tﬁ@rarwas aignificéntTy

(Pa;O 02) less coppex in the 1ivers of the limed: 0*roup (3 5 mg) chan in the con=
Jrol group (10 4 ng)e. This empha51ses the faot that uhere is a real dlfference
between the two groﬁpshand not one‘thatw;s dependenn purely on aidlfference

in liver dry matte£m; Theiconsistently lower blo&d“coppef’chcénfrationé'iﬂ

the'liméd‘oompareduto £he unlimed group support this conclusion.

Both ‘the mean 1ivg¥~gbppep'doﬁcentratibhs'and the mesn total 1ivér'céppé:
'ﬁéntents of-the‘thrée groups which had been doéed‘weékly with 70 mg Cu wéral
éignificantly (P<0. 001)‘highef than those of-thé;eéntrol group.r There were |’
no differerices in mean copper conc@ntratlon ox uotal liver copper content
emonb the three copper Sdreated groups. - All three groups had vely similer mean
_-llver copper concentrations (361, 347vaﬂd 345 p.p.m.) and mean totel live? -

Cu glycina and

coppor contentg (64. 66 and 59 mg) reepectlvely for the 0u504,

‘Ga DDTA groups.

The peroentage atorage rate of dosed coppor vas also very similaxr for- the
three treated groups. The amount of the dobed oopper whxch wus stored in the"r;
liver by the three groaps was 1 79, Le 80 and 1. GE% rGSpectively for. the '

. Cu304. fu glycine ahd Gu hDTA groups.



qﬂIﬁtéf«relatidnship:betweeﬁ\ébppér‘ahd3iron.t'

An invefse reiaﬁlcnéhip between tho conoegtraﬁlog; ofhlren and coPPer in
'the lxvers of plgs wos firbt reported by Gassxdy and an (19)8) This |
' elatlonship has since been confirmod by Bunch, McCall, Specr and Hays (1962),
;fgﬁltchie; Luecke, Ealtzer, Miller, Ullrey and Hbefer (1963) and Subtle ‘angd, -
?ﬁﬁM1lls (1964) O’Donovan, bplllane and O'Grady (1966) reportad high 1iver copper@
eoneentratlons in piga wnich they thought might be due te the low 1evel Of iron ;‘
~t,1n thelr Sklm mllk diet. An unusus]ly‘hlgh 1iver aoppar conaentration (1?71 ffii

’*”p.p.m.) was aa&oclated withva vyry 10w liver iron eoncentraLion (68 p.p-m»)-<

No reporta have beeﬂ publlshe& concerning a similar relationship in sheeé.;A;
}It was GOﬁsidered, therahore, that as the three oopper supplements belng given :;V
tos the shaep 1n this experiment would probably ﬁatérlally 1nerease thnir Jiver ;1i
Jcopper concentrations zt would be mnteredting to investigate the effeat of thisf;;

orL. ]1ver xron eoncentratlcns. Gonaequently the blood samples obtained frcm therpd

. sheep were analySBd for pla“ma 1r0n concenﬁration and the llvers for their iron f“

"3\concentﬂatmon.

\.;;».'.E

iy Reﬁnlls. -

;»Plasma Iron Conoentratlon. o

Th@ indlvidﬁal and mean plaqma 1ron oonnentrationslrf¥the érdupg?oﬂ}%hgéb‘%

LT .

aé'at eaoh sampling date are 1lsted 1n Table 33. .w: ;"K




Table 33.

676

o Limed: Groug

5 ggougs of sheep.
No. 249,64, 16/9 8/10
501 1.26 1.07 11,20
502  1.47 1,44 0,70
503 l.25 212 1.50
504 “1.63 1.8 1444
524 . 1420 1.50 2,20
527 le38 1,50 1,57
567 :
569
570
498
499
675
Mean 1a37 1457 144
513 1.13% l.44 1l.13
514 le44 . 157 138
516 0489 157 1.26
528 1.38 1,38
530 1057 le44- 1475
495 . . 4 -
- 565 -
566
574
563
674
Meon . 1026 1048 1038.

) /11‘s /12 14/1/65 12/5
1,69 1468 2,86 2.05
2,01 2.0 ° 2443  1.81
2,0 1,93 2,30 - 1.87
2,06 2443 2,86 2,0
1,50, 1469 2,55 - lo44
1.56 1.63 2443 ' 1,63
1,80 1.89 - 2,57 1.80

Control Group

1056 '; baad 0.83
163 1,77 2461 1444
1.56 1.87 2,18 1.75
1456 1475  2.25. 1.57
1e75 1469 2405 - 1.44
161 1,77 2.27 1.41

Indlvldual and mean lasma ron eonoent1xh10ﬂs D

10/6

'“0083

1.50
0451

1,20

1.20
1,38

l.%2

1.44

0,83

1.13

1,68
3407
l.44

1050f

1.50

1,57

1.57

1420

1.44

1el3

146%
1¢52
157
1,50

1g57‘

1469

1.46

14/9

0489
1.75
1e32

178

0.88'

1. 26
0495
Le32
1038

1‘1068_
1,50

1,30

1432
1e44
1,07
1.32

" 1032

1.44
1.40

1,76
1426

1,20
1.81

1.39 

o, 153

5/10 -

1425
106
1469 -
2425 7
119

094
16635 -
1625
1631
156
1.75 -
‘1456

1.45

1l.44
le44
1.06
1.0
1.38
2451
20
1,63

1.56

1.56°
1.75

1.51.
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Table 33"

- 102

Goﬁéinued.-
..9&?..04 Gzoup, .
Nou - 2.9.64.  16/9 8/10 4/M 312 W/A/6s 12/5 10/6 20/
506 1463 144 1380 1500 1463 - 1,07 1426 1.%2  lu32
510 1407 "1.01 "1.50 ¢ 1425 1,65 1.68 157 1057 1432
511 “1.57  "1e5T  1e32 © 1063 2420 ° LoTH5 163 1.95 1-:8
531 0495 - .63 1507 1.63 2437 202 - - -
Cur Glyciﬁe Gx:oup“_. | 7 _ _
93 181 1,63 187 2,57 9.30 150  1.50 . 1.87
103 45 1450 1.25 2612 175 1456 .75 1.50 1 44
106 1.75  1.81 ‘ 1.44 1.44 1.4 1.81 0.65 1432 _1.&6_
107 2,18 157 1487 1463 2,06 1468 2,0 1,63 1.81
Cun EJD.T.A. ijéup
301 2,18 2.0 1,69 1.69 2,24  2.05 1.6 1.68  1.069
302 © 1eAT7 T 1e38° 1,57 157 15T 0 0= 1.01 1,38  1.13
303 157 Le50  1e50  1e57 0 1450 . 1e75 1432 1450 1450
304 1,50 240 1469 1.8l 2,0 2437 1eHT 1463 150
308 - 157  Le69 1456 2,0 1463 1,25 1,01 132
Mean 1468 - 1469 1463 1s64 186 . 1.95 136 1444  1ed3



The changes in the mean plasma iron.ooncéntﬁations of the 5 groups are
presented graphically in Fig. 16. The most noticeable effect wéé-the seasonal
change fﬁund in the plasme iron coﬁcentraﬁions. Peak 1ev§1$ were found in eaxrly
ﬁinteraﬁiﬁ eiﬁhér_necemher or'Janﬁary; with much lowex levela redprﬁed in the
sﬁriné dnﬂ summef. The increaae in plasma iroﬁfcoﬁcenffétion in thé limed and
control groups was much greater than that found for the three copper treated
groups. The Vdrlation in plasma iron ooncentratlon in these 3 £roups vas not
so‘marked as that found for the limed end control groupg.but all three exhibited
the seasonal change with peak valuéé in. the early wintef. It seems probable
that the supplemcntarg copper admlniSuered ﬁo “these 3 groups was instrumental
in reducln@ the variation 1n plasma ivon eoncentrstion and for the lower levels
recor&ed in winter compared to those found for the-limed"&nd control’groups.

The fall in plasma iron concentration in. the 11med group betvween 12 May and
.10 June corresponded w1th a rapld rise in blood copper concentration during the-

same pariod.

Liver dry‘weighf. liver iron coneentration and liver total irom content.

. The individual end mean values for livexfiion~cpngentration and total .

izon content of the 5 groups ave listed in Table 34.

The/ -
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RS CA DR iron contenta of 5 z,x_'oups of" sheep.

- ::Unsu lemented bhee s -".‘ S é § :
" B Limed G;c_gun [ ‘7 Gontrol Group_ ;'}.? e

B ':""-i:]\id*: L:wer Fe Cono (p.p.m.) = Total N e, Conc (p.p.m.) -"".l‘otal

a7f5615;75*7f“ fﬁ*454.3'ﬁ ST 12146, ?“A;f515ﬁ'§’f:;§221 2”1w7," ‘ f42.5’;.

5027 ¢ 324, 7 w8961 o 5lA L 3RTa5 - 0 o 6843
TUBO3. . 2946 Gl 66,35 . 516 2317 Tl

CeB04, e 40207 Ll T6e T - 528 T 269,90 o 46.2 -
5247 T T, 31049 L 6TeT . B30 T 192,70 L 4ll3
527 T-.iT L2281 ABu4 495 - 1Thed o 2201
56T T o o036646 .0 T 55,60 - 7. 565 o | 22243 v 3Te4.

S 7-5‘69 ‘;""}_17404 T 2048 ,.'-566% 22149 o 2390200

UBT0 s TRRER . o 41020 U574 '.’_»ﬁ75-4; S 298 -

498 7 151440 . L2290 563 L. 260,3 . - 48,3

S 499 o 20643 v 33,5 T T eT4 289,97 o Bled

615 . s 336,00 *w-52.7a;a_-;.676.x1 21042 T 2546 .

ff}iﬂgéﬁ'iff;iitff?28934“";ﬁf‘;ifff 588 - 2501 - 40,8

Gu 804 Group o e Gu Glxcigg Gro }lp- - Lu LDTA G:cou;

f -*”-Nd. ‘Fe Cono, * Total _j?ﬁd; Pos Cono. Total ~ Noo Fe Cones - tha11‘11>
o e p.m.) “Fe. (mg) © o (pepema) Fe, (mSD © (pepeme) . Fo (mg).

,-506 ,-?.;480-9 ;=-~_'_'*¥55-7 102 245.5  A3e4 501 ~172.1,.i 3061 -
- 210 32540 o 58400 0 103 19867 U 45e5 - 302 - 219.5. 32,8
CUBIV 20440 ¢ 4648 0 104 - 490,30 78,9~ 303 - 250,1 . 5448
212 1 .197.8 . = - 4TS5 106~ . 419,07 T5e4 v 304 36444 .. 5Te8 . -
53w 106 269,30 54,60 308 34440 5303
R A ©- 107 019047 3Be2 T T S P

CMemn 309 59.5 ¢ T 022 86,00 L0 L0 2q0.2 0 458
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gfﬁéyiiVErfiﬁon ddnbentratiéﬁs.éndléﬁéal 1i§ér»iroh-donté5%; dfﬁéll‘fi§e 7A
.i"groups were fairly similar. The m@an leer iron concentrablons ranged from

' 250 1l - 50? 4 De p.m..and the mean total 11ver iron contents were witnin tbe,g{_
;ange 40 8 - 59 5 mg. It 1s ev1dent. therefore. that the amount of supp1e~ if"
hmenuavg oopper glven to the three traatad groups effected no reductlon in -

_thelr 11ver 1ron concentratlon or total 1ron oontent.

'i:DiSGHEQiéﬁ., The finding bhaﬁ the liver copper concentration and total 1iver 3
copper content of the 1imed group were both slgnlfioantly lower than thoee of |
the: control group cannot be attributed to a dlfferenoe in thelr oopper 1ntake
 a1nce there was. no smgnlfloant dlfference 1n the copper concentratlon of the
jllmed end unlimed p&sture‘_ lelng must uherefore, have had uhe effect of
tlredv.czing the avallablllty of the coppar present in the herbage or alternatlvely-
:of reducing the ablllty Df the sheep to absorb the ava¢1able oopper. The blosd
:copper eoncenbratlon of tha limed group was consistently lower than that of
i:the oontro1 @coup, on four oooasmons algnlficantly so. Th:s 1nd10ates that
;Thm ablllty of the sh@ep to absorb bhe 1ngested copper was impairpd gince. B
51m11ar sheep on & comparable cuppsr intake on unllmed herbage were able to .

”absorb and st01e the avallable coppef move efflclently.

The percentage of supplementary cepper which was stored in the 1iver was
fﬁlfound to bp 1ndependent of the form 1n.whlch xt was adminlstered.: The rate uii*

’fiof storage of supplementary copper found 1n th& present experlment 1 61 - l 8q%

fffoompares/
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Vcompares favourably with that reported by prev1ous workers. Edgar (1942)
Diok (1954) end Hemingway et al. (1962) have reported that 1.0 - 4. 1% of orxally

.administgred copper in solution ig gtored in.the_liver.

The amount of copper admlnistered to the sheep in this experiment, T0 mg
Ou/week, markedly 1ncreased llVer copper oonoentratlons. These wers, however,
sti11 only just above -the normal upper limit of 300 p Delll, Cu. and ‘the

hlghest value recorded, 550 PsPalie was far below the minimum value of about
1000 PePolla whlch has been a55001ated with chronio copper poisoning. There
would appear, therefore.'to be very 1ittle risk assoolated with the administra-r
'tiéﬁ qf.thisrle&el of oopﬁér supplementation.even for prbtraoted periods of

timeg

| High dietary 1ntakes of 1ron have beeﬁ reported to decrease copper
absorptlon and an inverse relationship between these two elements has been
'.recorded in plgs. The level of copper supplementation in the present experiment
did not 1nfluenoe the 11ver iron. concentratlon of the ‘sheep in eny of ‘the
three supplemented grcupa. However, tha total daily-lntake of copper by these
sheep would be only about twice that- of normal sheep and’ thus mlght not have
been high enough o restrlct the absorption and atorage of 1ron. There were,
however, notlceably lower. maximum plasma iren canoontrations in the copper

- supplemented sheep than in elther the control or the. 1imed groups. .

Experiment 6/



‘Exoefimeﬁt 6 The effects of verious injeot%ble oopper oompounds din the

oontrol of sway%aok 1n 1ambs.;;ﬁf 55,\

Experlment 6 A lelded into three parts (6A, 63 and 60) ‘iInVeaoh
-separete experlment a dlfferent proprletery 1njeoteble copper oompound wes 1'“;1;
“"A given to one half of ‘8 flook o£ sheep in mid—pregnenoy, the remainlng holf

‘}of each flock aoted asg- untreabed oontrols. The efficecy of the various
l“GOmpounds was assessed by 1) changes 1n ewe blood copper ooncentrations,’;
- 2) lamb llver oopper contents, ) 1amb blood copper concentrations and

',4) the control of ollnioal swayback.t -l‘ﬁ-

Expérivient 6A, -
| ﬁiftlelaokfaoeIEWes were used-in thieiéipefimentog"Tﬁé}e'Was-e?bast

hisﬁory ofisWaybaok oh ﬁhis farm whioh~infeoﬁe:years*effedfeﬁ'éﬁ%”ofﬁthe 1ambs;f

o born. Previous 1nvestigetions on thls farm 1ndicated thet ewe and 1amb 11ver

.copper oonoentrations were generally below 20 p p me

Twenty five of the eves were treated in mid-pregnanoy (4 Feb ) w1th 1 ml.jif
éhof a copper glyolne preparatlon (R, Ybung & Co. Ltd.»"Swaycop") Thie |
"‘supplied 45 mg Gu end wes edministered by subcutaneous 1njeotion oehind the ﬁ;?'
shoulder. The remalning 25 ewes received no treatmeot.l Blood samples were
10btalned from ell the’ sheep on 4 FEbruary 1mmediate1y prior to 1njeot10n andw'%;r

agaln on 8 April. Lambipg took-plaoefin,m1d~April. i

Tha.éwes, ﬁhiohléiaée&_ﬁiiljﬁerbege throughout, were given about 1 1b./

1>"heai[




-’€i?head/ﬁay of ‘a proprletar”lewe nut (lS,p p m; Cﬁ)ﬁépﬁihé;ﬁhéfiééﬁ‘sii.héékéj;“b'

- i{e’sﬁi«ps:}; e |

The 1ndiv1dua1 and mean blood eopper concentratlons of thevsheep are'
‘TgiVen in. Table 35. The mean blood oopper concentrations for both the treated
L%and control groups were 0 44 p. .m. on 4 February.' By 8 April the mean value ;7

3

‘ffor the untreated ewes had fallen to 0 34 p p.m. In contrast the mean V&lue

"?}57for the inaected sheep had 1ncreased 91gn1flcantly to 0 17 P P m. and the great

‘imagority of indlvidual values were betueen 0 70 and 0.90 p p.m.

ﬁmelvé 1ambs which were born to the inaécted ewes were 6btained at birth
- or. shortly after and were slau htered.‘ The maaormty of these were surplus

1tw1n lambs. Tbn lambs were obtained from the control group.‘ Slx of these_f-
:ihad clinical uwayback which was oonflrmed by hlstological examinatlon of nervous
L tzssue.\ One further ewe: gave blrth to a swayback 1amb the carcase of whlch was
not- awailable for ana1y51s., In total 6 of the 25 control ewes produced |
swaybaok 1ambs whereas there were no oases among ﬁhe treéﬁed ewes. The same -
3,copper prepaxatlon was used in some 600 other ewes ‘on the farm; onlf bne-off :i§

-:these gave blrth to 8" swayback 1amb.ﬁ

The 11ver and where p0351ble, blood copper concentratlons of these 1ambs

°hfare given in-Table-36 Some of the- 1ambs from the injeoted ewes were rather

:older (up %o 2 weeks) th&n the lambs from the oontrol ‘ewes which were generally -

=obtained at or withln a day or two of blrth. In consequence the mean 11ver

| dm}/
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Table 36. Blood and liver copper concentrations in lambs born either to ewes treated with copper

lycine i Cu) or to untreated ewes.

B

. S | Untreated ,

Liver Blood Liver o - Blood
Dry Wt. - Cu Conc, Total = - Cu Conc. Dry Wt. . Cu Conc. - Total Cu Cone.

- (8) - (pep.m.) ‘Cu(uz) (p.p.m.) (&)  (pepems) Culug). {(p.pem.)

Injected -

1.0 TR 1295 = 5 180 83 LI - Ok
22.5 . 163.5 - 3619 . = S 19.3 8.1 ~ 156 0.43
17.6. 107.5 ‘1892 0,56 150 . 13T 205 . -
4.0 925 1295 . = 5 10.0 8.3 83 . 0T
22.5 1635 %8 - 8 140 - WA 118 0.36
25.3 57.7 1460 . 0.86 . S 13.5 7.0 95 0.50°
36:1 6Ly 227 0.87 156 . 5.8 90 -
3.7 0 131 . 153 051 1.0 7. T8 -
3044 2.7 629 0.5 - 267 - 3.5 . .93 . 0.k
_,um.w | 9.8° 38 0,33 S 1L.5 12.0 138 0,40
31.5 K22 1329 0.5 B ,_ -
24,.8 73.9 . 1833 0.7

iean. 25.7. o qp.m «,,wWQm, __.,‘opmm - 15.5 “ A 8.2 120.5 OuL§’

S = Swayback lamb.
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dry’ weight of the lambs from the ingected -group was rather higher than that

. for the control lambs.

The mean . 11ver copper oonoentration of the lambs frcm the inaected ewés
and of those from the control eves were 74 9 and 8 2 p Pelle respeotively.
-, The mean total 1iver—copper content of the 1ambs from the control ewes was 121 wu,
Traatment of the ewes 1n0reased ‘the ‘mean level to 1676 ug. The mean blood
oopppr concentration of the lambs born to the treated ewes. (0 62 p.ps m.)

wes greater then thet of-thg cont:ol lambs (0.49 p.p.m.).

* Mwo of the iémbs‘from_the injected ewes whieh had 11§er-oopper concentra-
' tions of only 9.8 and 13;14p.p,m.“had blood bopper levels of only 0,33 and
0,51 P.p.m. respeotively. Whiist it is , therefofe, cleaxrly evident that this
copper glycine préparafion effected a striking con#fol of clinical swayback
combined with godd’élevétions»in eve end lamb blood ooppér ;ongentrations it
is possible that isolated indiyiduals mey not respond to ahy marked degree.
Thfs mey be dug tb inefficiency in the injection or to so@gttissue reaction

at the injection site which seals'offvthé'injected ooPper»and prevents full

absorption.

i

Egmerimént 6B.

- The design and conduct of -this experiment was similar-to that of
Experiment 6A. Swayback had occurred spasmodically in the lambs on this farm

in previous yeérs~but the overall incidence had not exceeded 5 = 10%.

Twenty three/
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Twonty throe ewes vere given a suhcutaneous 1njectxon of copper oalcium
ethylene-dlamine tetra acetlc acid ( Glaxo Ltd. "Coprin") which provided
)0 mg. Cu on 12 February. Tuenty three oomparable eves aoted a8 untreated
controls, Blood samples wero obtained from~a11 the eves immediately prior to.
injection and again on 18 March. Lamblng ‘took place in early'April. The ewes
1whlch grazed hill ‘herbage throughout pregnancy received about 0. 5 lb/head/day o
of aiproprletary-concentrqte fqod (lzsp;p.m; Cu) during the last fopr.woeks.

' befOréﬂiaMbinge
Results.

The indi#idﬁal-and méao ewe‘blooa copper ooncentrationo“afe‘gi§en'infTablé g
EZ | |
| The mean”coﬁcéntrations‘of the treatéd‘and controi ewns-wéro 0. 74 énd 0.57.".
§ Peltia respectlvely on 12 Pebruary. Thls dlfference was entirely fortuitous.~
By 18 March the mean value of the treated ewes had inoreased to 0.88 p.p.m.

whllst that,of the“control group hadffallen tow0;46 p.p,m.'_o

The blood copper level of ewe No. 711 did not apparently respond to- the
copper treatment and this ewe gave blrth to a swaybaok 1amb. Thera were no
other cages of swaybaok In all probabilxty the copper inaection given to eve

No. 711 was 1ncorreot1y admlnistexed.'

Elght lambe from the ‘control eves and seven 1ambs from the treatod ewes
-were obtained for copper andlyses.~ Most of these were surplus twin lambs whlch'f
were-slaughtared:at.g'few_days o;d. Indiv1dua1 and mean blood and llver copperfv

.fopnoenﬁrotionsoofgthe lohbS*are‘given 1n»$able,§8;
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708 - 0.9 - 0.9 721
709 0.56 0.Th 722
710 ,o.mm 1.20 7123
ST 0.35 -~ 0.39 T2k
712 0.5 0.7 725
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Table 38. Blood and liver - copper concentratlons in lambs born
. clther o ewes breated with gopper. ‘calcium LDTA (50 ng Cu,)
or to untreated ewes. .
Injected ) e I ;Hnﬁreafeé
) Tiver - © Bleea - . Lives . Blood
Dy We.. Cu.C‘onc:" Totai Cu, Cu.Goné. " Dreyv Wh. bii;‘ Conc. Total Cu. Cu.Cone.
, _g‘gl (D.p.m‘a) (ug-) : (pn_pam.l L_E')_ o (2- Eo.m-‘z gugo ! SD. Qamo )
23,2 177.1 4109 0.90 7.5 23.0 403 -
25,0 - 4.2 1855 0.87 23.8  T.3. . 174 0.31
18.0 - 118.2 2128 0.9 22.5 5._8‘ 1314 0.55
25.0 174.9 4373 - 0.92 26.0 Ted 192 -
16.2 177.9 2082 0,98  15.0 - 0.4 156 -
15.3 25.7 393 . 0.76 40.2 7.0 281 0.41
515.8 73 115 0 24.5 37.3 1 913 - 0.66
16.8 7.6 143 0.45
Meaﬁ : o
19.6 107.9 2265 - 0.82 23.5 13.2 187 - 0.48

8 = Swayback lamb born to Ewe T11.
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WIth the etoeptlon of the 1emb wlth sway%aok born to ewe No. 711 the coppe:
iinaection markedly increased lemb blood and 1iver~oopper coneentretions.u The
nean blood eopper level was increased from 0s 48 to 0. 82 p p.m.e The mean .
liver—copper concentratlon of the lambs born to the treeted ewes wes 107 9

n-“ oompeled uith a ‘mean level of only 13 2 Pe p.m. for the eontrol 1embe. )

00pper oelclum ethylenedlemlne tetra acetio ecid supplying 50 mg. of '
00pper by inJectlon of the ewe 1e thus en effectlve agent for inorea51ng

lamb copper contente.; .‘"

It ie interestlng to note the ohengee in blood copper concentration of thej
_indlviduel eves between mid-pregnency (pre-injectlon) and lete pregnenoy for
' , Experlmente 6A end 63. Inaecticn of copper generelly increased eve blood

,;copner conoentratione to ebout 0.8 p p m. in lete pregnancy

Flé. 17 illuetretee\the chenges befween-eid end late pregnenoy in ewe i o
:*«blood copper concentration as: releted to mld pregnanoy (pre—injeetion) veluee.
‘jllt 111uetratee the essentially elmilar reeponse to. both cepper g1y01ne (45 mg Cu
: ‘in Experiment 6A and 00pper calcium LDTA (50 mg Cu) in. Experiment GB. Ingectedwu
- eves with pretreatment blood copper 1evels in excese of O 8 p p.m. feiled to .
*_;respond to 1n3eotion and indeed such velues 1n late pregnancy were generelly
’ﬁlower then 1n mid pregnenoy.( Ewee with‘pre~txeetment concentretlons of ebout

AafO 5 ‘Pe p.m. 1noreesed Orene:t:‘alil.;sr by ebout 0 5 p p.m. to around O.B p p.m. 1n

.-;]“1ate pregnancy.y___fAigi




v 10X

T g 6xg. .0

mwzm @maomnnqucznﬁpu

\

.mmsm pajoalur (e)

°SOMB ﬁmpomnﬂﬁsﬂoﬂ (4) wvue pagoalur nmv IoZ mmﬁﬁmb_

AQurUZOId-PTW 0% QOﬂ%wﬁmH

UT AoueUdoad 93B[ UF UOLLBIFUSOUOD x8d00D POOTH UL S85UBY)

Oso

v*o -

o

[ 2
o
i

Q
o

2°0 +
¥°0 +

NWO‘O,IT

*fourufoad o3l ut (-) oswexde( xo.(¢) asBOIOUT

80 +

LT Pt

Ve



In contraut for these ewes which were not injeoted, copper concentratlons
o 1n 1ate pregnancy were generally lower than 1n mid-pregnancy‘i Tne greatest _
reduct;ons-wepe shown by_tnese ewes‘whlch ha@ the‘h;ghest cqncentraiions in

mid pregnancy; |

-:Exgeriment 6C.
The copﬁer'Sélt of netniunina (Crookéé Léﬁorétories Lﬁd. “Gopavet“),
supplylng 40 mng Cu was’ employed 1n thls experiment.? The ewes on the farm :

on whlch Experlment 66 was conducted were of low oopper Btatus. In previoua

theforder of 0. 5 Do p.m. had been

years ewe blood copper concentratlons in

recorded. Dead ewes and 1ambs in prevxous years had liver copper concentrations

whlch were generally 1ess than 10 p p m.f ﬁwaybnokzoqcurred-in most*yearsr," =

. Twenty four Blackiace eves: ‘were glven GOpper methlonate (40 ng Cu) by
”5f‘ subcutaneous inJection on 9 February and 2. iurther twenty four ewes acted ag’ ';;n

\ﬂuntreated controls.' Lamblng took place in mid—Aprll.

Results;~

It was not p0531b1e to obtain blood qamples from these ewes but comparable“
f5ﬁuntreated ewes had mean b]ood eopper concentrations of 0.)5. O 37 and 0 29

',p p.m. in early 3ebruary, mid Maroh and early Aprll regpectlvely.~

Six 1ambs 1nclud1ng one swasbaek lamb were obtained w1th1n a few days of
'birth from the untzeatad ewes. The menn 11ver oopper concentratlon of these
.élambs was only 8.4 p. p.m. and thelr mean blood copper concentratlon we.s only

BRI

7?0,)3 p p jus (See Table )9)




uni;rea 'i:ed e e .

Dzy Wb, Ou Conoy Totel Gu'Gonoy Dz We. O Oono. . Total . - Cu Gonou .
@ eepae) Gu o ) () (epm) - Gu s (pepen)

135 U330 44T 044 18,0 L 948 176 -7 0.0

1200 51.3 616 ) .. | ’ 4.6 9.‘-2 42 '. .. 0.52
| 2,0 42,5 893 - - 827_0 4.9 S e o
105 65.8 690 - | 25.9 : 66 "1-"'155“4 o |
1.0 135 149_1; e O |

Mesn; .

(1509 49,30 186 Ough o 16,3 e 121 oz

S ‘= Swayback lambs
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lSeveﬁ 1aﬁbs were cﬁtained %rom.the 1n3écted ewes.ﬂ Most of these had died }i
:  short1y after blrth and no blood copper concentratlons are available._ The meanf
}1iver ooppar concentration was, houever, 1noreased signlflcantly to 49 3 pe Pe m.'
‘:compared to a mean’ of 8. 4 for the control lambs. “One of'the'lambs bornato an_}[

) 1n3ected ewe had a llver copper conoentratlon of only 13 ) p.p.m.ﬁu"_

It can, however, be éoncluded Lhat 40 -~50 ﬁg. of copper 1n thé forﬁ 3”
f“of either copper glyclne, copper calcium EDTA or coppé% methlonate given éé
H:subcutaneous 1n3ectlons to the ewes in mld-pregnancy is. effecbive in lncreasingﬁJ
Tfuthe blood and 1iver copper status of their lambs at blrth. The inoreases 1n.
-ewe blood ‘copper concentratiOn end 1n 11ver copper 1evels 1n the laMba may be“
'\substantlal._ In 1solated cases whlch are probably due to 1mperfections in’

the techmique of inaectlon or to tlssue reaction at the inaection site, theré .

may be no response in’ either the ewe or 1amb.;
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Pig. 17a Braina of a cQppgr d»fioiwit axid of tt nownaX lamb.

This shows a partial oollapse of both osrebral hsmisphersa
in the brain of the copper deficient lamb. This resulted from a
diffuse symsetrical gelatinous degeneration and liquefaction of the
cerebral «diite matter.



Section IV

Copper Absoqgtion in Hdﬁéed Sheep

as affected by

a) The copper content of the diet
b) Copper supplementetion .
¢) The protein content of the diet .
d) The calcium content of the diet
e) The.ffbre‘ochtenf of diet

£) 'The type of sheep

170, -
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‘Houseo sheep‘are)repotoo to storeﬂooie copper-than)s;milar‘oheep unoer ;ﬂf
f%oope natural oonditlons outdoors.‘ Thls has 1ed to the bellef that there is a
“ﬁ}danger of chronlc copper toxzclty oocurrlng 1n houaed sheep which are bexng
»offed diets oontalnlng normal or only'sllghtly elevated 1eve15 of coppor. The
zi‘recent trond in Britain towards the housing of oertwin olasses of sheepstock A,
is 11ke1y to develop much further due to the intensiiioatlon of farming mathods
p:and the oomparatlvely 1nefflolent and uneconomioal use of 1and by the txaditlona.

l{methods of sheep husbandxy.

With thls possible further development 1n.mind it was deeided to make a
‘A bhorough investlgatlon of copper absorption 1n housed sheep w1th speclal referu :

fV;enoe to the pOSSlbllity of the ooourrenoe of ohronio oopper poisoning. A wxde

 ‘vaarietJ of dlets haxe been ad to beveral dlfferent clsssss of ‘stook and the

winfluence of dietary composmtlon and type of sheep on oopper absorption has
_been examlned. In aome case& the rate of absorptlon of dletary oopper by

’ :'housed sheep was compared w1th that found “for sxmllar sheep on a similar dlet

‘ t;foutdoors. Vorlous 1evels of copper aupplomonuatlon were also glven in, an

'attempt 4o detormine how'guicklymsymptoms of‘chronioqooppor_tox1omty mighp -

appear.

‘fTﬁé'varioﬁslexpériménts whioh”were carried out'witﬁ-hoﬁsed“sﬁéep will
'be reported 1n thls seotlon. Thls wlll be followed by a genoral integrating
-;dlsoubsion on all these expeliments paying speoial attentlon tG - any factors *7“.

%‘found whloh 1nfluence copper absorption and either 1norease or: deorease the

o 11kelih00d oi‘ copper POlsomng. g
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‘Todd et ai;(1962) havé;suggested that in‘}heir:exbérienéé ohronio éoppér»
poiéoning~isfexceedéd‘only by 1ééﬁ poisoning'és:a‘ﬁoiic hézard tbtfafmpanimais;-
1‘ Most of the cagses. of chronic coppar pozsonxng reported have been in sheep graz;n

‘orchards where copper sulphate was used exten31vely._ Housed sheen fed dlets
either naturally rleh in copper or supplemented with copper sulphate may also

aocumulate coPper in potentlally towio amounba.

However, wheﬁ ;ttémﬁts»have-been madé to produoe copper poisoning éxperl-‘ 
iméntally, surprlslngly largn amounbs of oopper have generally been requlred.
*ﬁéror example, Barden and Robertbon (196?) fed housed adult sheep on hay and.
;oats with a dally supplement of 1 g. copper sulphate thus giving an- overall
" dietary cqpper concentration of about~250 p.p.m. The first death oocurred
. %fter'lﬁ’weeks (104¢g Gﬁx8§4;5H20$;_ Todﬂ'étugi.(1962) fod sheep at grass

with 1 g..cuso «5H,0 deily and the first death (of 6 sheep) ooourred after 28. -

4°
‘we@ks.‘ Hbmxngway (1961) has alao fed 13 Cu9045H 0 daily to pregnant ewes
at grass fbr perxcds of 15 weeks thh no ‘obvious gigns of dlatress to the sheep,

although liver~copper concentrations increased‘to very high levels.

ﬁaﬁy diverse factors .affect thé storége of copper in the liver. 'The dietary
protein concentra%ion'ﬁﬁS'recenﬁly been shown to influence copper storage in
both pige end rats. Wallace et al.(1960)»fouﬁd that the toxicity of 750. papem.
of copper (as the sulphate) Ted to growing pibs decreased a8 the protein level
f‘was 1ncreased from 15 to 25%. WcCall and Davis (1961) found for rats thet,
'when the dlet contained 25% of proteln, a supplement of 1000 p.p.m. of coppe£ ;

produced,/
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produoéd_no gignificant inééeaée in liver-copper cohééﬁtrdtionf' When . the dief
' -géntained oﬁly 1095 of proteiﬁ there was a highly éigﬁifieanﬁfingféase in liver»
| copper storage resulting from the additional copper. Mbrelrecently Henrahan
and O'Grady (1965) found that plgs being f&ttened on e hlgh proteln diet were

. less susceptlble to, but not completely protected against chronic copper

toxicosis than pigs on a lower protein 1ntake.

It was declded to investlgate the possible rola of protein inteke on 1iver-
_oopper stora te by sheep. The effects of two levels of dletary pfotein intake
on copper storage by sheep on 1ow, medlum and high copper intakes were

investigateds . This work is described in Experiment Tw
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: KExperiMénpf7 The effeotq of proteln intake on_the storage of copper in the ,

1iver of sheep.

1-5 Thls experiment was des;gned to study the effeot of the dletary proteln -

- fflevel on’ 11ver copper storage by sheep on low, medium and high copper 1ntakes.:1g
: The hlgh 19V€1 Of copper SuPplementatlon wag given. in order to determine '
';whether a- high dietary proteln contenﬁ would &elay the development of chronlogiui

copper p01sonin&.‘-

Tlfty four Blnckface hOggs, aged about 6 months, were randomly div1ded
'1nto five groups of elght and two groups of seVen sheep, in. such a way that the i
separate groups had a- simllar llvewelght dlstributlon. One group Df eight 4
qheep was slaughtered at the commenoement of the experiment, in order to
determin@ the approxlmate mean 1niiial liver-copper concentratlon for the whole

group of flfty:ﬁou:.

. The remaxnxng six grgups of éheep were housed énd fed a bésal diet- of 0. 75
‘111b. of’ hay per dsy-(5 8 p p.m. Cu, 9 8% orude protein) Three of the groupsr

‘grecelved a &ally eupplement of 0 5 1b. of crushed oats (6 O DePelle Cu. 8 5%

' crude protexn) The other three groups were fed O 5 1b..per day of ‘a mixture
'-:of seven parts of crushed oats and one part -of blood meal (6 2 p Dellle . Gu,

 18 9% crude protein) Blood meal was. chosen as the. source of supplementary

protein as 1t had a smmmlar 1ow copper concentration to. that of oats and because

¥h?on1y/




only & small-proportion'needed to ‘be addéd td the'oaté £0 maﬁerially ihoreasé
the proteln content of the conoentrate supplement., Fbst other protein rich

concentrates contain considerably more copper (from 15 = 2) Do p.m.) . These

two concentrate dlets are subsequenbly referred to as- the low protein and the .

high proteln groups‘ These ratlons were chosen to provide comparahle amounts
of energy—to those dlets which are commcnly fed to Blackfece ewe hogga over- "
’w1ntered indoors and where the expeqtedzlivewelght gain over a 6 month period

would be 5 - 20 1b.

~There were three 1evals 01 ooppar supplementatlon given as Cus 04.5H20;
;nll, 40 mg (= 10 mg Gu), and 1000 mg (8 ?)O mg Cu) per day. One of eaéh of
these supplements was given - uO both a low ‘and high protein group.»ITdblé 40 B

“i‘ylves the total dally copper intake of the separate groups

Cmbes ol dest e snite (s
- Copper supplemeht‘tméwbu)‘_' Low Préteihﬁ?"  High Ppoteini"-
B T 75 N N N
R T e P
R T 0

Low protein = hay 12 0% oqu 8 0z, S
H;gh~protéin = hay 12 oz, oats 7 0z, “blood maal 1 0z,

. ;ﬁpTﬁe/'c _
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 The sheep were 1ntrouuced to the indoor diets on 20 Novembér 1962.

1Administ1ation of copper sulphate (glven in solution by mouth), commenced

.og 10 December 1962, The supplement of” 10 mg. per day was given on- five days?;“'
0£,8ach week foxr the period 10 December to H April 1963. Dosin§7§?ioﬁntinued;=J
betweenﬂﬁ-&nd 22-April and-résumed during the perlod 23 April to 2 May.‘ On

2 May these two groups of sheep and the two groupa of oontrol sheep receiving

no copper supplement were slaughtergd. By thls date the gheep dosed with the
low copper supplement had received a fotalAOf 960 mg. of_copper given in 96

n'doses’over a period of 163 days.

‘Administration of 2503mg Cu per day'wasfalso commenced - on 10 Decémhér
and -continved on 5 days of each week until 5 Aprll when 88 doses (= 22 & Cu)
hed been glven. The first death from copper poiQOnlng occurred on 30 danuary

afteﬁ 491®08éé t= 12; 25 g Gu) and several deaths ocourred during the period
'30 January - 5 Aprilg? Dnsing was resumed on 22 April and continued'until B
iE_Angust»fdr those-sheep which &id.not die egrlier.vwhen IQB'déses . |
(= 45.75 & Cu) hed been wivén; Fleven of‘fhe-fourteen sheep in these two groups
died of oopper poisoning and. the othev three were slaughtered at var;ous stages

«“of_thevexperlment when they.wer stlll in good health.

v TheASheep.were weighéd monthly. ,Blbod samples ygré obtgined,on 6

* odoasions/



fiireceived the hiah copper supplemant and whlch dmod af cepper poisonlng.‘ The

"fuhola 11vers oi all the bheep were recavered at slaughter or doath far

’ detgrmlnatlon of dly matter content and oopper ooncentratzon.

: Vlteéulits.

1) Contrcl sheep and sheep receivxn? a daxlv dupplement of - 10 mg Gu.

’leeweipht Ghanges.

The mgan 11vaweight$ of the grnup of eigh( sheep alaughtexed at the
'sfart oi the Pxperlment on 20 Novamher was 48,1 1b. and tha mean valueﬂ i

the other four groups r&nged from AG i fo 4743 3b° The progroa31ve changea

in nean 11vewe1ght mf theue four groupﬁ are ahown 1n Fag. 18, '

The two groups whlch were ied thc hzgh pvotezn concentrate haﬁ gxeater ~?,
:{>1norea%es in 11Vew@1 ht Jthan™ Lhose fed oabu alﬂnooi Thelr combln@ ilnwl mean
' ]1veuelght (66°9b Tb) was ngnxfxoantly (Vao Dg) greatcr +han that ior those

i tfcd the low nrotoin dleﬁ ()7 ? 1b) The wupp}ement of 10 ng. of Cu per day

4;-‘ﬁef{vetpd some 1ncrcases in”- 1ivaelpht fov both tne law and hluh protelu gvoups.

“>A1though the ineremaes were not Slﬂnlficant fhare uas a constunt trend of 2*

'{A51 lb. weﬁn llvewexght 1n favour of the copper suppiemented groups._” 1gn1flcant

o xnpre331on (P¢=0 Ol)fov mcan liVQueighb 1nczeasea uerc abtalned for a11““ .

fvgroups except bhat 1cd Lhe 1ow protein dlet unsuppﬁemented wlth coppar. s




liveweight.

" Pig 18, Changes in mean

“s Liveweight. 1lbs
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_ Blood Copper Concentration.

The indxvzdual and mean blood copper coneentrationa for the four groups

oi uheep are glven in Table 41.

The mean blﬁod OOpper-concentrétions-fcr‘tﬁe four groups of sheéﬁ aré
,shown in Plg. 19. . At the start of the experiment the mean values of the |
.Beparate groups ranged from 1.02 t0 1412 Pepelne Cu and the nean value of the
alaughtered group waswlglﬁrp.p.m,, Blood copper concentratlons of both groups o

whiéﬁ did not ieqei#e éﬁppieméﬁﬁary copper decreased steadil&lover the |
experimental perio&;'butga,significant regression (P<£0.02) wa; obﬁaiﬁeézbnly,‘f
 for t@gAlow profein STouPe. 'B;Qodzqépber oéneentrations remainedrcohstant for -
.boﬁhlthe low and high protein groups which received 10 mg.‘of additional dopﬁerf

per day.

. leer dry wel sht, liver copper. concentratlon and.’ total 1iver copper eontent.

'Table 42~piesents the individual and mean dry waights.and copper andlyses

of the livers ofAthose,fpur aroups of sheep and of the group killed initially. -

lwablé/'>
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‘The dally supplement of 10 mey of copper did not qignificantly increase ~?;i
5the mean 1iver dry welghts. For the 1ow protein group the 1ncrease from 93 5'
o 107 6 g (13 9 g) and the increase from 113.2. o 125 8 & (12 6 g) for the
high- proteln group should be compared w1th the leasﬁ signlficant differenoe
»(EMCO O)) of 15, 2 g. Both hlgh protein groupa had . smgnlficantly greater mean
liver dry welghts than the corrasuonding low ‘protein groups. Only.the mean
. liver dry welght of the low proteih-group fed no supplementary copper'faiied
to 1norease slgnifloantly relablve to the ETORDP slaughtered 1n1bi@11y. These
chang@s in mean liver welghb coxrespond with  the bhanges in- mean diveweight

of the separate groups,_,~

i The mean liver-copper concentratlon of the unsupplemented low protein
wgroup (70.1 p. p.m.) wa.s 1ess than that ior the group killed initially (119 5

p p;m.) and for those, fed the hlgh protein concentrate (lOG.G-p.p.m.),,but-those'
Hdlfferences were nob 31gn1flcqnt. The addition of lO mg Cu per day markedly
"(and to-a uimilal dugree) valsed 11verwcopper concenﬁratlons, irrespectlve of

" the high or low prote;n content of the diet.

| The botal -1ive;-o§ppgr .qohtent of ;ihe"‘i‘é‘roﬁp killed initially was io.limg.'

énd that for the high»proteiﬁ5group was 11.9 mé.?the:mean total'liver—coppér
‘-‘conﬁenﬁfof the iow protein groub being 6.9 mg.' Aithoughrthis reduction was
n05151nn1F10ant 1t shows a slmllar trend to the ulgnlfloant fall in blood
h copper conoentratlon for this group, from 1 0% to 0.81 . p.m. over the period -

~of the experiment (Pip. 19). In.bhe WO copper supplemented groups, th@»mean,
totel liver oopper conbenﬁs of hhe 1ow and hlgu protein groups were 35. 3 and
40, 8 mg. Cu resPectively, those amounts were signlficantly (PdiO 01) greaterﬁn
than for the groupa which dld not recelve addltlonal oopper, ‘but the level. -

'of dletary proteln did not huve a signlficant effect on the total amount

of/
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of oopper stored in the.liﬁér._'Théséftwo~groups weré giveh_a totai of 960‘mg_j

_F'Gu (almost 4 g. of. Guu04.5H 0) more then the other groups. Thé propértion .
.'of thig supplementary oopper stored in the liver was 2. 96A and 5 01% fox the

low end high protein groups respectively and at the level of ccpper supple-.

mentation used, the difference in protein intake did not affect the proportion

of orally dosed copperistored in the liver.:

2) _Sheep receiving the high copper supplement.

Liveweight changos.

The liVGWGight geing of both the gmburs of seven sheepfreceiving the 250 - -
mg Cu suppBement sach day were similar to. those of the. control sheep and those ;<
given the small ooppar supplement when fod the equivalent dlets until 6 March |
when the-mean welght of ﬁhe"iow proteln gmoupvwamag4 5 1b.7and that for the _—

high protein group was 57 2 1b. Afﬁer thip - the low pvoteln group starbed ﬁtO
lose weight. The protein group was not affected .at -
‘this stage by the adstlonal coppexr and cont¢nued to galn weigh' at a- rate

equivalent to both -the control group,and thellow~0u supplement_groups: on 1

Mey the four surviving sheep'ninf_ this group had o mean Livevoight of 65.3 1b. .

~ In the final stagea of. copper poisoning loss of weight ocourred 1n most .
—.of the - Shﬁep as’ a reault of an inappetanme which developed S few days beiore
death and was éanerally the flrst sign of distress. Onu sheep on: the low
~nrobe1n diet loat 16 1b. in the 2 weeks before death, but a logs of about 8 1b.:‘
was more general. Loss of welght shortly before death was much more. evident
for the sheep on the 1ow protein diet and only rarely and to a lesser extent
(about 3 1b) did a welghb loss oceur in shaep on. the high protein ration :

~ which died of oopper poispnlng.\

Blood/
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: hj»Bloo& Uoppeg Conoéntrdﬁiohf "f }3f |

ST Table 43 ehows the blood copper concentrations of tle eheeﬁ'in~b0£hithe

{”flow and hlgh proteln groupe. Mean valuee are given up until the beglnnlng of

Februaxy. After thls date ind1v1due1 valuee were much higher and varied w1dely.

,;This reeulted from the abnormally high values found at or near ‘the tlme of

‘ death of 1ndiv1duaﬂ eheep. Valuee of 9 3, 10 6 12 O and 12 7 p Polile were

?:recorded and as the inclusion of euoh valuee would greatly distort the mean .

_cfor eaoh group,. uch mean velues are not presented. After the beginning of
:{;February the blood copper concentratlone are related to the time of” death f;;cr:4

' Afof the 1nd1v1duel eheep..;;,:;

The mean blood oopper conoentratlons of both the 1ow and hlgh protein

B 7¥:grou@s remelned w1thin the range 0 94 to 1 10 e Petls. during the flrﬁt 10 “eeks

:;ﬁkof the experiment. After thie some very high valuee (>>9 0 s p.m ) were

:zz:recorded fcr 1ndiv1dual sheep a8 they neared death due to chronlc copper ',;'

‘TJpoieonlng._ Such high blood copper concentretlons would cleerly be most unueual-f
yftfor healthy anlmals, and would eatiefactorlly oonfirm that death from copper Lkgk
;=p01soning was: elmoet certeinly 1mminent.: On the other hand, many blood oopper
?;:concentretlons belOw 2 18 p p.m. were encountered durlng the 2 weeke prior to
\‘” bhe oneet cf obvious clinicel symptome and death. A tota%hof 42 eamples,vell of

whlch/




R Table 43.

i 4o their time of deabh from. copper. poisoning.

Lo‘w Protein

20/
11/ 9/1/

Davq bu.['OlG ')eath

‘Blood -"‘GDD‘Péiﬁf‘-cﬁnééxiﬁxfatj.ozla‘f‘(p.p.m.) of 2 groups.of sheep
from November 1962 = February 1963 and thereafter related

LU0 .

1.7

" Sheep marked Lhus were sléugh’gﬁefed while still in gbod_}iéalth.”

RS

: 7/?/ PP P A T B s
No.62 - 63 63| 28 21 14 8-10 -7; ‘-6j. 5 .43 2 1 Died-
11 1.994.05 - 1.5 S e e L - YR
12{ 0,81 1.14 1,08- - 1,75 =~ 2,00 12 .00 10 1O 5. 6& - a.?o 3 60 3.42.21/3
18/ 1,07 0.92 %.00{1.26. - L.55)1.u9 131 - - -, 9& - = 5[k

N Lo a.es). L _

| | 1.26) N S .

290,99 0.&7‘1;25 1,25 1.53 1.61-9, 30 2. 60 2,52 2, 56 2,36 2,40 - = 1/3
-1&2 'Q?O i.OB - 3-03 e - 1 7? '_‘ L= hd - : 1.:80 - T 7/2 ’
17 1,00 0,94 0.94 1.85'1.60)2.2 )L.ag) -7 = 2,50 = 30100 = 12,70 14/4
481,10 1.29 1.03] = 1,16 -~ 1.20 - - s = - 2.2423/3

" Meon| 1,08 1,051.06 ) | -

iiigh ‘Pi'btéi‘ﬁ |
5loa75 0,92 1,16] - < 1'08’0 87 A1 16 0. 98 . e e e 1,05 /5T
33{1.30 1,36 1.00|1, 73 : - e e = 12/8'

' 38/0.90 0,96 1.37 1 6a 1. so 1. 45 L. a1 .36 s = = LT 2/5%"
390464 0.85 0,781 42 1.31 1. 77%t N7 LR =~ S 155 - =T 5/
s R : : Lobdy ' : A .
10{0,80 0,9 - 0,92 - - - - - - 30/1.
4110.90 1,19 1.15]1 .26 TRl - o - - e =TT - = = 9/3
5513427 1.2 1.;3 .35 - 1;27 AR T % B SR SR - 10..6’0 18/‘7;_i

" HMean [0.94 1,06 1.10] L ”



187.

e whiéh cbﬂ%aiheéaﬁelow”E C‘p‘ﬁlm. of copper, were obtainédif#pm the 11 &Sheep =
1which dled of oopper poiaoning.= The‘distriﬁufion'of‘coﬁﬁér éoncentfation}ff

in the rénge 1 20 to 1.99 p De m._ln these bamples is detalled in Thble 44

iiébie 44 Concentratlons of copper ln the blocd of 11 sheeg Swhxch dled of
“ - copper p01soning) during the 2 weeks. prlar +0 the onset of clinlcal

v xgptoms. (Vﬁluee above 2. 0 p.p'm. have been excluded)

: *;htBlood-Cﬁ Goﬁééntrg;;ghf(p.psm.).‘; L No. of samples .

st o

T i.20

1.40

1.50 L S

1.59
,1;§9$
1;79;;5
?1.89_f

w;:?9.

170

1080 -

i

i 4§ '5§'-b-”4b

:TQ,4:1.9Q:

If

Q’,l 30 p. .m. were taken as the upper limit of copPer concenx atlon 1n the 7{?=55 S

““f”f;}blood of normal sheep, 12 per cent of samples obtained from anlmals Wlthln;fiﬁ Qf

 "ftw0 weeks of death would have fallen w1th1n normal llmlts, 1£ 1 40 Pe p.m.-b§§~ﬁri

‘-6 pe' cent of”samples would have appearedflormal. qupd€c9pperf}'&

“1fooncentrations/_'ﬁ

N
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ﬁoneéntfatioﬁs‘within'fﬁe iange 1. 20 ts-l“é9'wéreffound on at least one
‘0003910n in 4- sheep and values betwean 1 50 and 1. 39 Do P.m. at least once in
iB,more,sheep within two weeks .of’ death" Thus, only in 4 of the 11 sheep wes -
'thé'conoent:ation abavé 1,40 pepeme in all samples taken &urlng the two waeks
prior to death. A singie blood sample may, therefore, sometimes fail to indioate
the existence of copper pozsonlng, even though death is 1mminent' the useful—
ness of blood analysms for thls purpose isg enhanced by inoreaaing the number

of samples exanined. Blood copper concentrations of individugls during the  ‘
two weeks prior to death commonly fell within the renge 1.3~; 3.0_p.p.m; (with
échéional much higher vélues) for the low p#otein grou§ where§§ &8 range of

1.3 to l,? P.pem. was more usual for the high protéin grbup,_

In some cases, as the illness progressed, the blood packed cell volumes
féllgas low as 8-compared with values of“about 35 for normsl sheep. In
‘ individﬁals invwhioh a partial reGOVery.bccurred the value rose agaih'to'abouf '

20.

Liver dr& weight,‘livér-caﬁpei oonéentration and total liverchpper content.

Table 45 shows the concentrationw and tota& amounts of copper in the
livera.i It also shows the amount of copper sulphate given to each sheep and.

.thelﬁ%pportlon of this s@qre@ in the~11verq

Teble/
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. Table 45.  Quenbibies of copver sulvhate administered and the emounts of copper storéd in the

\Heﬁmw cf Uamoﬁ :bwnw diec OH CONDED uovcospwﬂ or’ :mﬁn slaughtered after long- wmwﬁ Gosinge

159@

- 0, + 58 No. of days o o . .” ~ fof dosed
. Hoe . qumn { w e nmwdw . Liver dry wt(g) - Cu Conc. ﬁv.u.av Total Cu(mg) Cuw in liver

B R A T o - 6530 . 3920 3,00,
| 2 Sk 79 - . 55 S 5300 294 217
e R s 65 oW o & 3750 300 L L85
EE T - L | G ‘221 . 103 7/ A 379 197

- T 78 - . 123 : 98 S ks _ 2o 2436
e - 136 o8y T 1259 370 1.68
< 1 - Y V- ° R 337 1453,

Ceen o & 129 s g5 mr . LT

< High Protein, L . S . c .

o _;,:_.mm T g 109° . 2370 C259 . 1.50
R Coes. . 136 | & - 155 CooaE 0.60 "
N 0 AT -+ ST~ Y S NS V)" S 1921 R 075
U s w88 . Y 163 S o, 3313 : U333k La52
S sl ss . 13 106 - R 1.17
om0 s o 28 o a7 2125 28, 0.62

Cis 18 a0 LB

.WH.C UUL. T

. Setaeans CHeSe 0.0L" S 005 T 00L . <005 . 0

........
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;;All the eeven sheep on’ the 1ow proteln diet:fbut onlyrfbur,of the seven
“ﬂ.:on the high protein dlet died of oopper poieonlné.;»fhe other three “were
; ;31aughtered at various etages of the experiment when they were quite heeltﬁy.l%
-The flret eheep whioch died (Nb. 40) was fed on the hlgh protein dlet. Death ‘ 
i,eoceurred efter 49 doees of 1 g Cuso, .5H O.r The firet death in- mhe 1ow protezn»

V4t
-“,,group oocurred after 51 dosee. By S_Aprll (efter 88 dosee over 144 daye)

all eeven of the eheep fed the low'proteln diet had died compared w;th only

"";,}three frOm the high pretein group.a The two sheep (Noe. 5 &nd 38) slaughtered fﬁ

"Jﬁﬁfafter 88 dosee over 163 daye and the other (Nb. 33) after 183 doeee cver 265

deys, from the hlgh proteln group appeared to be in normal health and were -

}'not in immedlate denger of death from oopper p01soning. -

.*: If -coppexr eulphate hed contlnued o ‘be admlnxetefed untll & fatai amouet-;
-of ooPper had accumulated 1n those three sheep fed the hlgh prote;n dlet  v‘ ’
| lthe mean emount given (103 g) and the mean tlme bo death (164 days) would heweﬁfi
been inoreaeed. Although there was 10 eignifioant difference in ﬁhe amounts‘
of oopper needed to ceuse death in these two groups, thle 1arge1y results from:j
the . hlgh dtanderd errors eeeooiated with. these emall groupe. The eheep in ‘
:the hlgh protein group were, however, notioeably better in vigour and conditlon |
throughout the experlment. Qne Was given as mueh as’ 158 8 CuSO4 5H 0 OVer .
240 days before death end a further one wae slaughtered after 183 & had been

;7;g1ven over 265 days. In eplte of the 1ack of statistlcal ev1dence it ‘seems

- reaeonable/
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reasonable to assume~thét an inoreased protein intaké delayed the time of death
of those sheep which were given regular doses of 1 g. GﬁSO4l5HéC over & léng

period, :‘

The gheep on the hlgh proteln diet had greater liver dry welghts than thosge.
fed oats alone and this wes a reflection of their increaaed live weight. The_‘“
low protein group had a mean liver oopper concentration at death of 4295 pepn.m.
This was significantly (P<0.01) higher then both the mean ieve}‘of 2446 DeDoms
for those four sﬁeep‘fed.the high proteih'diet which died and for the mean

value of 2565 p.p.m. fox-all the sheep in that group.

fhe mean-total liver éopper content of 337 ng. for thé low protein group
was significantly (P-zQ.OB) greater than the mean of 277 mg. for all the
seven sheep in the high protein £ronp. The difference was not qulte Blenificant
at this level when the mean of 266 mg. for the ‘four sheep whlch aotually dled ‘

Fof copper poisoning wa.g considered.

'Theré was a marked-teﬂdency for théiproportion of doséd eopﬁerlfouﬁd

in the liver at death to be greater for those sheep which died early than for
_those which died after a muoh 10nger period. Those,sheep fed-aupplementary
protein stored a smaller'(?zio.l) proport;on of the dosed copper then ‘those
fed;oats alone. The proportién'of'dbsédfcoppér-stored in the”liver w&s in tﬁe---'
.range 1.5 - 3. O% for the sheep fed the. low protein diet. Only-the flrsh sheep‘
'(Nb. 40) to dle 1n the- high proteln group stored mowe th;n 1. Sﬁ of the adminls-r
;tered 00pper in 1ts 11var and bhree of the sheep in this group stored 88 1ittle,

1&5 0 6 - 0. 7% Of the copper glven.‘;f*

" ‘Discussion/ -
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Disocussion.

' Gépper,reéuireﬁent-of»hbused sﬂeep.

Although the differences wéve not §¢gn1ficant there wos & tendency for the
sheep receiving 10 mg Cu per d&y to gain rathor more welght than ‘thoge without
‘copper supplement vhich received a total of only 3.5 ng Cu per day (see Fig. 18).
Iﬁitﬁé-abseﬁoé of supplementery copper both the low and high proitein groups
showed steadily falling biood copper concentrations compared with the stéady
vaiues of those given an additional 10 ng Gu/daﬁ (Fig. 19). The fall was,
however. only significant for the lov protein group. The cohcéntrétioh of
copper and the total amount of copper in the liver were appreciably lower for
the low protein group than for- those killed initially- (Table 42) " Although
the dlfferences were not szgnlfioant reduction of the order of" 50 - 40% were .
.-jobtalned. The h}gh protein group Qngver hgd 21 51milar mean 1iver~oopper

concentration to that of the sheep killed initiélly.

It is oenérally céhsidefed that housed sheep accumulate‘céﬁper: Thexe is
no 1ndicat10n that ﬁhls ooourred in the two groups on diets containing only
‘about. 6.0 p. Pelle Gu Wlth no’ oopper supplement and dcpletlon :of 1iver copper o
may have occurred in gome cases. The resulte 1n Teble 42-auggest that a
supplemont of 10 mg Gu allowed gome accumulatlon of copper in the liver, but
. This was not asseclaﬁed with an 1ncrease in blood copper concentration over the

five month parlod.w

Pr5ﬁofﬁion/
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fPropoftioh ofiédminiétéred-éobper\stofedﬁih Ehe 1iver;

The mean peroentages of the- total of 960 mg Cu admlnistered in lO mg
’_doses stored 1n the liVGr were 2 96 and 3 01 for the groups fed the 1ow and

' ;thgh pratein diets respeotlvely. These figures have bean caloulated from the1§€
"total 11ver~copper contents of these sheep oompared wlth those fed the |

k'unsuppﬂemented dlets whlch were slaughtered at the same time. ?

These iesults are in éood agreement with flgures quoted by pievlﬁua

*{5wofkers where 51m11ar amounts of copper have been given.‘ hdgar (1942) ‘gave w

“:"'7‘25 mg Cu/day (as the sulphate) to 16 sheep at grass for P28 days and found o

) }ﬁhat the meqn amount of 00pper stored 1n the 1iver wag: 2 Bp (range 1 O - 3 ﬁ%)'
;of the $otal given. ﬁick (1954) found in 8 large numbexr of experlments with

both housed sheep and .8sheep at grass that when 30 mg. supplementary copper

(as the sulph&te) was glven eaoh day, the proportion stored in the liver ranged‘

from 2. 7-~ 4 I%. HEmlngway et al (1962) dosed 8 sheep at grass with O, 5 &

' '.-“'CuSO4 5H Q at fortnlghtly 1ntervala, tha dose avorablng 9 mg. Gu/day, ana

found that 2 4& of thls capper was stored in the 11ver as measured by comparlson

. with untreated sheep.

Of the sheep recelv1ng a. supplement of . 250 ng Cu (“ g CuSO4 5H 0)
the first two whlch dled stored in-thg liver 3.15° and‘E.Oq%rof:the total
31copper saninistered (Tbb]e 45) .The"maanlpﬁfcéntage ofidosedicoﬁﬁér«fouhdf
,%in the 11ver for the eleven sheep which dled was 1 77. Théﬁgéwagfa ma?kgdﬁ{f*:':

. iﬁtendenox/
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tendency for the ?iopdrtion'of copper stored to be leas for sheep which

<surviﬁédifpr anloﬁger’period”aﬁd‘for thoSeffed supplementary protein.

Amounts of copper required to cause deaﬁh-i;bm copper poisoniﬂg.

Table 46 summarises the results .of thls present investlgatmon and - similar -
experlments conducted by Barden and Robortson (1962) and Todd et al, (1962)

where regular daily doses of 1.0 - 2.0 &. of CuSO SH O were administered.-

Table 46 Amounts of copper sulphate required £o cause death in- sheep when
admlnistered at 1 . par day. - '

iﬁﬁﬁﬁlﬁiﬁﬁﬂl Gusoé.SHEOCQPBumed (&)
: Ba.rden & Robertson (1962) - 15 ~17 L 104
: .§':,‘.1‘odd otal.. (1902).» ey a7- 28 I T
T R U R vV (7
-iﬁfesenfieiﬁerimen£> 7 : | A--, . ‘.,:7 | ' | S
Low protein diet . 1l -2l . coo  so-e8
High protein diet o 10 - s . 48 & 156

The flrst deaths 40 ogour in the present experlment were reoorded after
8 shorter period of copper supplementation and after the admlnistratlon of a(

ﬁm@?ler/
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smaller total amount of copper than those found by those.previous 1nvestigatora;v
Iri the present experiment, howevur. the sheep were much smallex (60 1b) than - -
those used by previous- workers (about 100 1b) In consequence the daily
.supplement in terms of unlt body woight was proportionately larger in thp

ourrent experiment{

The amount of copper adminlstered at a rate of about 1 -3 Cuuo SH 0

4°
f /day required to kill a sheep ranges from 48 to 156 g as GuSO .5H 0 and this

4
vide’ xange nay depend_on liveweight, liver aize and;theAccmposition of the
diet. It would appear that death of sheep from copper p01aoning might ocour
: Jafter 3% = 6 months if the diet contains about 250 pepem,. Gu. The present
investlgatlon suggests that & high proﬁein 1ntake ney make sheap less auscep%éi“
‘1ble to copper poison;ng resultlng from this order of copper supplementation.

Where cnly emal] amounts of aupplementary oopper wexe glven (10 mg/day)

additional protein had no such effect.

The consistent findings that under %% of Orélly administered copber sulphate
is stored in the 11Ver of otherwise healuhy gheep, allows an estimate to be .
‘made of the total QOpper consumptlon in & suspeoted cage of po;soning. For
this the total liver~copper content 15 requmred rather than a simple

expression of the copper concentration. S

Ttic/




Tﬁo sheen recerving 10 mg. of supplemontar& coppervper day stored 00pper fi
’ }in the 1iver at the same ratc (i/) as thoqe whlch died most rapidly when glven'f
Jtho 250 mg Gu/day supplement. The minimum cuantity of oopper required to ;

kill a shoep under th@ eondltions of The present experiment was 12 5 g Cu _>'

, (oee Table 45).

S dppper"icéﬁcentizé.%iah in the Wool.

Wbol samplesvwexe obtalned from all theﬂshecp in eaoh of the six groupc;h
Ail samplcc were taken from the shoulder and were restriotad to uhG ?" -of new “
Qgrcwth next £0 the SLln- Thic was! done in order that thc coppcr concentration h
uof the wool mlght reflect the copper conoentration in the diet over the |
Zexperimeﬂtal perlod.a All the samples obtalned ware analysed for thelr

e cobper concentraﬁion and the results are preaented in Ehble 47.

" The level of- proLeln An- the” diet had no'effeot.on thc cobyer ooncentra; o
' flon in bhe-wool.‘ If, howaver, the sheep are grouped according to the level
of copper supplementation the mean wool copper concentration of those sheep L
receivxng 10 mg. extra 00pper daily was . signxficantly (P¢£0 05) hlgher th&n
 that of the sheep whioh recozved no. supplementary copper. Agaln the mean
vwool oopner concentration of the sheep given 250 mg supplementary copper por
| day was signlfloantly'(lkso Ol) higher ‘than* those of - elther ‘the’ unaupplemantedi

‘sheep or: the sheep which recelved 10 mg. supplementary copper daxly. o

The wool oopper conoentrctlons found 1n this experlmont 8o rather 1owar o
than those reported by Cunningham and Hogan (1938) who recorded values in the

range 8 5 - 13, 3 PP .m.,

A:x_Kidnex/;f
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GOpper supplement.m_.l ;_Q_Igg g_ig_mg .
1“7No:fff “céi.l“¢3no.__-u‘;cu: fﬂnb;ffij Car No. Ous No. Ou. Yoo cus
e a2 aa 4 ad T 4 M52 5 46
350 @ a6 19 a6 10 48 2 52 3 4T
N Cne s '--{."4".5;_;,[_:;'-,5.; 4.4 13 ?_\.4'._4 18 52 3 56
9 9 Bl BCo4s M 52 w56 3 48
15 33 50 48 3T - 46 11 42 42 47 40 NS

S G X ) s 48 43 {3,_9 e Bl 4T 59 4 ‘4;{3-

B ST 53 S 49 55 49 8 5T %5 s
5B 406 T 59 42 62 49 6L 5.0

CMem 436 aB L am A s s
CMean 425 . 464 o sas

LeSDe P ow 0,05 m 0,406, o LaS.D. P =001 = 0,428 -



198,

Kidney Copper Concentration

The kldneys were obtalned from all the sheep in each of the six groups
either at death or at slaughter. These were dried. ground end snalysed for

their copper concentration. - The results are presented in Table 48,

. Apart from one sheep the kidneyvcopper ooncentiation of all the sheep in
the control and low copper supplemented groups were within the :ange;lZ.B - 23,1
r.p.m. The one exoeption, sheep NQ. 8, had a kidney copper concentration of
55.7 p.p.m. Thers was no difference between the kidney copper concentrations
of.the wmsupplemented sheep and those of the sheep which received a daily
supplément of 10 mg Cu. I% is ev;dent therefore, that this level of copper
supplementation had no 1nflucnoe on the kidney copper concentrations of the

sheep.

' Kidney copper-lefglé‘were ﬁuehvﬁigher for the two groupé which received - -
the ?SO mg. copper sugplément'daily}i Theée=ﬁanged ffdm 56, i»p ﬁ.m. for sheeﬁ A
No. 5 to 2068 0 pe p.n. for sheep No. 39 The thrue sheep whlch viere slaughtered
(Nos. 5, 33 and 38) had kidney copper conoentrations et the lower end of this . ;“:

range (56.1, 249.§ and 185.7 pepem. xespeetively).

A d&il&:copper sﬁpplement of 250 mg. per dey effected incfeaaeé'in kidney

. gopper 1evéls in all sheep irrespective of whether théy died of chronio copper,f
‘poisoning or whéfher £héy.wére s;augﬁfeged whilelip_good health. Sheep Né. 33

: thchfsurvived for 265 &ays and was eveﬁfuéil} slaughtefed.after receiving

183 g Guso4.5H20 hed & kidhey copper conceéntration of 249;5 p.pem. which is

:more/




1n31VEQE§§~§ﬂQ_EEﬂg"k1dn_y copner cancentrationg T

(pgp.m.) of six proupa of sheep.,'n_fiﬂf"~ :

fCogﬁerLSﬁggleﬁéﬁt;._ﬁii.@f f*fiff_ldfgg;.;_uff‘;:-:; o ‘l?élb. o .f,.:"

" Low Protein . High Protein ' Low Protein High Protein Loy Protein [ish Proteir. - .

F 66 2 w2 A9 7 B W mae s 563
3 -.57'15’-"9-.. BEARTEE .,,.125'15;_61 10 166012 35:.»9' | ‘;33;-4.21,,9'.5_ _
8T 2 1Ms . 32 6.9 13 ‘%9'_16 e 1124.8- e ama
9 '~‘i*5-.'d"?;_f:{ 45 1849 A":\.":Bﬁ"i;*.a 11;.168 2 ;147. 39 2068,0. .
15 15 50 _'_1”_3.9'“ -37';_,;:18;.6 oar 2051,2 21746 10 _121._,'.6"5 |
:?;5‘ lﬁ.gii 52 li?ﬁot ; 43 :Ihép ‘.iéh 55}9;3;1 147uf 299‘0..:i4;' ijbh.s.t

“ N 3 15.0 57 | 15,8 51 _-f_f17,.:3v 53 15,3 - z,,e 501 55 ,",102;6"'-3_\:__,;‘:{«.
G5 1790759 168 62 5.5 6Ly o - o

CMEAN 21,2 167 16,6 18.8 _,.";ng;.g; .

4. 8laughtered,.. .nade = not:determined.
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more than ten timeslthe;ﬂéfméliievel. -Coﬁséquently;it would be unwise to
diégn@ée chrdnic oopper pb@éoniﬁgibayeiyidnva basia;of the k;&ney copper
oonoenfrétion.'<Ross (l964)'éué§eg£a-tha¢Athe-coppef_ooncehtration of the
kidney corﬁex would be better thanfthe liver'cdppervéoﬁcantrafiaﬁ for the
diagnosis of poisoningﬁ;iThis, however, is prﬁbably{too wvide a géneralisatiqﬁ.
. For gxampie, shéép No. 29 which surwiveq for two weéis éfter‘the initial onset
6ftthe'haemolyéio orisi% had a'kidney'doppér.concehtratidn of only 147;8 PeDells
Thi s contrasts with a kidney copper concentration of 249.5 p.p.m. .
 for sheep No. 33 which was slaughtered while still in good health. It appeaxrs
that if a sheep dies suddeniy'there is generally a highly elevatedAkidﬁey ooppef
"~ eoncentration but if it surviVestor sone length of : time after the initial |

crisis then the. kidney copper'cbnceﬁtration returns to a nearer normal 1evei,
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Experiment 8 (a) The Effect of Varying Calcium Intekes on the Storage of

Copper and Iron in the Livew of Housed  Sheep.

The experimental design and the day~to-day conduot of the feeding trial
on whlch this experiment wag based were under the control of Dr. A.D. Weaver
who was condncting the eéxperiment with the @rimary object of assegsing the
influence of diet on the ineidence of urolithiasis. I am indebted ‘to.Drx.
Weaver for giving permissioh for the collection of blood samples and for the -

provieion of the entire livers at the conclusion of the experiment. -

Experimental Desian.

Pour groups of either 10 or 11 Blackface ram lambs (aged about 7 months)

were . used in thiq experiment, Wable 49 details the mean- amounts of hay and.

o concuntr&teg consumed by the separate groups. Groups 1 and 2 receiVed the .

'_same concentrate (a containlng Q. 19% Qa) but Group 1 was offered less hey end
’Veonsiderably more concentrate than Group 2. Group 3 (concentrate B, 0 eq% Ca): )
‘Rand Group 4 (concentrate C, 3. 83/ Ca) vere ' fed. ‘the same -amount of hay (195 g.)‘
as Groupfl and consumed about~the same amount af concentrate (654, T17 and 692
g/day).' The threéAcéncentrates.(A,‘B énﬁ ¢) were basically of the seme come
posiﬁion (20% varley, 20% flaked beans, 30% meize and 30% oats). Caleiuvm
carbonate was'added as requiied ﬁo ihc¥ease the‘oaloium concéﬁtration.in B and
G &bove the level of that in A (unsupplemented) The caloium intakes (Table
49) were only. about 9 g/aay for groups 1 and 2 (1.e. deflclent) 6 4 gfdsy for -
l‘j'Group 3 (1.e° normal ) and 26.5 & per day (i.e. grosqu excaasive) for uhese

“;sheep in Group 4.

The/
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The copper concentratlon in the various diets ranged from 5 0 to 8 5 PeDells -
(Table 49) and the tctal dally copper intakes ranged from: 3. 5 mg (Group 2) to

7.8 mg {Group 3)..

The dietary inteake 6f:1r§n for all four groups of sheep'waé well in.
exoess of_the racommeﬁded minimum level of 30 p.p.m. éuggested 5y-the AJR.C.
One unfortunate aspeot of the mineral compoéition of'the'concentrates uaed was'
that the iron level increased in direot proporﬁlon to the increase in calecium
content.» The 1imestona ad&ed to ‘the noncentlate must have contalned some
irony mosﬁ probably in the form of Pe2 3 Calculation in@ioates that the
limestone might have contained 0.0054p of iron., 'This is almobt '

certainly of very low availability.

"As-iron'is_thought tqrhavé an inverée relationship with copﬁer in respect
Of_iiver stofage the increase in the iron 1evé1_in the concentrates might have
- a magking effect on the way ‘in whioh'the caleium content of ﬁhe diet might
alter the absorption,and.ﬂtqrage of cOpper. waevar, the- 1ron content of the
diet of Group 4 (412.5 p.p.m.) ig only double that of Group 3 (190.0 p.p.m.)
compared to.a greater thah fourfold 1norea e . in the 08301um concentratlon. Any -
effect, therefore due o the addltionai 1ron intake will almosb cortainly be
" gwamped by thet.due to the massiva increasge in the amount of ealcium present., 
'The-éxperimental ratiéns‘were fed from 14'Octdh%r»1965 until slaughtéri |

.. on 15 Jenuary 1965, & total pariod of 93 days.
.Results . _ . . o
' The 1nd1v1dual and mean blood copper concentratlona, 1iver dry welpht

. liver copper ooncentratlons and,uotal»lxver copper oonﬁgpts of-the four groups

:_ofjéﬁéep<are detgilednin‘Table4SO,k




fable 49  Mean Dai&;ﬂonsuinptibn of Hay and Concentrates
a - and Intakes of Csleium, Copper and Tron.
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.<(Grov_;ps. of either 10 ox 11 -sheep)

) 'G:::oup 1 ' Group 2 - Group 3 Group 4 -.
oy () 195 459 1% 195
Concentzaie (g) A 654 A 250 B 717 g 692
Celoium Iiﬂ-;al:e‘ (&) . 4 Do . T
Conos .24 048 5.4 © 25,80
. Motal - 1,94 - 2.3 0 6.4 26450
C:2.% whole diet & . 0.23 0430 0,70 - 3.06
Copper Intake: (nig.) o o |
Hay, 0,74 A 0.4 0.74
Conc. - - 4064 ' . 1.78 7003 6.18
Total 538 - 3.52 77T - 6.92
Cue pepems whole diet 635 500 8,50 © 8,02
Iron Intake (mg.) S o : L
Gonge ., - . = 1024 - 39,2 . 1540 332.0
Total. " - 122,2 .. 85.7 173.8 351.8
e p.p.m. whole dlet - 144.5 - _ .122.0 . 190.0 412.5
B Analyses | o | o Cad ; h Cus Q‘ ».;Q" . Te ';g.'}g.m.
’ Hay 0,36 .38 1020
Concentrate 4 0.19 o Tet 157.1
. Concentrate B 0.80 . T 9.8 214.7

Concentrate C 3.83 . - 92 493.0
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Teble 50, Individeal and nean bleood covrer conesntrations, liver dry weizhis,
liver conner concentraticns ard tobsl liver covnsr contents.

Groun X Crous 2
Blocd Ou
Liver ConCe(D.Deils )} Liver
Sheep Dry Cu Total Sheep bry Cu . Total
o. 15/12/6L 12/1/65 Th.{z) Conc{p.p.zm.) Culmg.) No. 15/12/6L 12/1/865 Wi.{g) Conclp.n.ai.) Culmg.)

2 .88 0,81 144 2338 33.6 2 1.1% G850 131 034 13.5

3 GeS6 D.mm i28 i5i.6 19.3 i0 0.72 D87 8 171.2 15.4

g 1.21 0.86 150 5443 TG ii 0.502 C.92 1310 865 25

7 0.79 375 151 755 1.5 13 1.05 G.OL é3 251 6 i5.3

8 0.0 0.70 127 110.© 140 i5 C.75 0,78 o7 131.7 12.7
iz 073 0,76 137 99,9 i3.5 17 G.82 077 &9 i7C.0 15,1
21 1,10 J.91 12 1iL7.1 18,4 ig C.%L C.70 97 2124 20.5
26 0.80 1,03 138 173.0 23.%2 18 1,00 0.5 i 145.5 14..7
29 1.02 DL.E87 101 95,0 9.7 p 0.95 0.85 oG 1i5.1 103
38 0.8 .80 160 129.9 20.8 34 C.92 G.85 102 117.5 i2.0
51 1.26 1,01 182 167.3 27.1 &2 0.97 - &5 108.8 943

¥oom 0.95 0,35 139 130.7 18.2 G292 .85 <h k5.8 iZ.5
Groun Groun &

A 1.17 C.86 iL9 231.8 346 =5 1.00 D87 113 00,8 103
-..mrm M. Q;.«rqw. m Um.W.-.N M.w.m.". M%Nvﬁnw ML—L‘ Q*N. WQ Ms lmmu m .mm Memhnv HOMW QAM«- WNW.O
z2 G.85 0,99 128 i33.9 167 1 079 C.72 13C L2 .8 565
23 1.3L .55 161 250.5 LE G 32 0.51 0.86 167 £7 48 1i.3
mm M. .m-mw thﬂw HN.«..N ‘..F AW.W Mm 'O Wm.v CQ\W@ OO ﬁ.- Mwmﬁ ﬂNiN .Mh. MWC
35 0.62 0.98 156 192.7 el 37 3a97 0.2 130 6641 8

Hean 1.02 0.93 i33 174h.3 23.9 0.93 0.80 128 202 10.2
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afglpbd-Gopper'ﬁoncehtratiéﬁs,.‘

3 Uhfortunately no blood samp]ea vere obt&ined at- the atart of the experiment
ﬂbut by mld-perlod the mean blood oopper concentxatlona of the four groups vere :
wifhin the range oR 92 - 1 OP p p.m. At the end of the experiment the mean ;i

: blood copper concentratlons of all four gmoups had fallen from their orlglnal ;:

) leve] and were in the. range 0 60 « 0.9% p. p.m. The meaxn” blood copper concentra-,

-tion of Group 4 recelving the highest calcium intake (O 80 Dé p.m.) was 1owe*

than those of the other three groups but not slgniflcantly 804 . The fell in
"blood oopper concentratien exhlblted by -8ll- four groups was oimilar to that :
33found for the 1ow proteln group in the. previous Experlment (Nb. 7) The level
-of protemn Adn the conoontratea in ﬁhe present experlment was’ aiso quite low

belng 1. G&:of crude pro»eln.

’ i“ﬁiver‘&ryfweight; cgﬁpérlconcentration’andgéot@l,copﬁax-content.
The meen 1iver. copper concentrabion (80 2D p.m.) of group 4 (very high..
; oalolum) was signiflcantly (Pdco 02, 0. 01 and 0. 01) lower than bhose of Group

“,l (130 7 P p.m.), Group 2 (143 8 p. .m.) and Group 3 (1(4 1 p p.m.) respectively.

}\However thia was probably only a real dlfference for &rcupslAand 3 28 th@ mean

'g;iliver dvy weight of Graup 2 (1ow caiolum and 10w concentrates) was significantly

‘>£i(P¢10 01) 1ess than that of Group 4 There were no 51gnificant dlfferenees in :i

'-1iermeopper concentrations among Groups 1, 2 and 3. U

The mean- total llverﬁoopper content of Group 4 (very high calcium)(lo 2 mg)

. %was/
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vas also significantly (P<0,02 and 0.01) lower than those of Group 1 (18.2 mg)
and Group 3 (23.9 ng) reSpeétively'but:itzwéé‘not signifiééhtly ;owér than that
'of Group 2_(15.5 mgj. . On" the othex hand,'however, the total dai1y,intake.of-‘
copper by Grbup;4,(6.92 mg) was &1moét-doublé.that by Group 2 (3.52 mg). Vhen
" this factor is examined‘in cbnjunction with~the faot that the méah total :, |
liver-copper ocontent of Group 4 (10.2 mg) is appreciably 1oweﬁ than that of
Group 2 (15.5 mg) it iﬁdio&tes‘that there has been a merked reduction in the
efficiency of the absorption and storage of dietary covper by Group 4. This is
~borne out by the fact that where the totél deily intekes of copper by Groupé i -
and 3 (low and normal calcium respectively) i( 5.38 and 7.77 meg. respectively)
more cloael& resembleffha%'of Group 4 (6.92 ng) there‘ié a statistlically

gignifiocant difference between the~§mounts~ofAcopper stored in the liver.

iTﬁé relationship fetween pﬁafééiiy“intaké‘of cop@er ?j‘£heEf§ur groﬁps
and the a@ounﬁ of coppefTétéied in théi??iiveis:is-éhéﬁn_in??ig. 20.'-Thi§ éhoﬁs_
thet. the total 1iver596pﬁexvthfenfs-of_q:oﬁpati.-‘B'are in &iﬁeét proportion -
to their deily copper intake. G@oﬁ@A4 (very high cglﬁiﬁm)'is quiﬁeAdifferenﬁ.
If it hed conformed %o thié pattern thenAif would have had-a total liver »u
copper content ofiabout.EQ mg. inatead of the mean level of 10:2 mg. whibh the

livers did actually contain.

The poor mate of absorption and storvage of dietary copper by Group 4 would -

~ appear/
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ﬁig 20, .JRelatioﬂship between the total daily: copper intake

and . the total ampunt of;?bppef‘in the‘liverfof,sheepa

Total liver Cu. mg.

15 [

S 10 Group 4 ®

: k(&erylhigh calcium intake)

iy ‘ . ’ P ' ‘l’ t i' _ |
2 ST .8

" Total daily-copper intake.  mg.
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'appear to be due to the high oalclum oontent of its dlet. Tﬁéfméan totai 1i§ep!
'ﬁ'copggr content_(13; mg) of Group 2 (low oalclum and low concentratea) was
éignificaﬁtly‘lgés:than that4(23 9 mg) of Group 3 (norma1=calcium) ”hls;
rhowever, is purely & reflection of the dlfference in their daily intqkes of “
};;copper (3 52 mg Cu/&ay by Group 2 and 7 7 mg. Gu/ﬂay by Group )) r&ther than duef

"%'to any dlfference in. the ealcium contents of the o dlets.; e

By taklng the dietary copper inﬁake and total 1iver ooppec oontent of
Group 2 ag control 1evels it was peaalble “to oalculate the proportien of . the
fjaddltxonal dieuary copper fed to Groupa 1 anﬁ 3 whioh was qtored in their 1ivers.
:;rhe proportion of the addltional copper stored by Group 1 was 2 73% and by
'TGroup 3 waglz.éiﬁ. This, therefore, provides further evidence of thc fact

. -ﬁhﬁﬁ,fhéllow*ahd no:mal calclumllevela had no;eiieot on coppgr,storage.

. Liver Ivon Goﬁcentratiéﬁ;énd?Total Iron'Coﬁ%éh%; L

The 1nd1v1dual and mean 11ver iron eoncentrations and total iron .)

‘bfcontents of the four ﬂroupa are presented in Table bl-ytw 5:

The ﬁean 11ve§ 1ron éoﬁccﬁtratloﬁ-ﬂna bhé‘mean tétal 1ivev 1ron content
; 4of group 2 (?ow calcium, low concentrates) were signifiaantly (P<:O Ol) hlgher
than.those of the other three-groups.‘ ”hia appears to be a: rather paradoxical
Lresult at flrst 51¢ht since the iron concentration in the. diet of the sheep in i

?-Group/
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vgroup*2 is lowex thén'fhat in the diets fed to the other three groujaf The
fmean.total déily.intake of irdhAby the shéep infGroup?Q was 86:§g. éompa?ad,
with intakes of 122, 174 and 353 mg. ‘reépe_ctively for Groups 1 = 3. Group 2
wes élso fed twice as huoh hay as waé feqito any of the other groups. wae%er;
~the ﬁajor factor ceusing the difference in liver iron concéntration between
. Group 2 and the other threé groups is 1ike1y t0 be fﬁe_daily'intake'of dietéﬁ};v
coppexrs; The sheep in‘Grouﬁ{z had a very lowydaily.intaké.of copper (3.52‘mg);
AMarsth (1950).has reportedﬁthat sﬁéep_oh GOpper;défioient diets lay doyn .
extensive deposite ofiirbn péffioularly in the 1ivér. Although the diet cbn~»
- gumed by the gheep in Gmoﬁp 2 wasg nqﬁ oopﬁe? deficient it-was still belowhnorm31 
_end 1t would be this factox thatAallowed féf‘the'compafative bnild uwp of iron ;
in their livers comparea-to the ﬂormal emount of iron in the livers of the |
other three groups which Qere béihg fed a.diet:coﬁtaining an adequate»supfly

of copper.
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R Fxperimenb 8 (b) The Effect of Varyxng Hay and Ooncentrate Intakes on the
- “_ Storage of Copper ;n the Liver of Sheep.v;y- o

Ap was the case for Expeximent 8 (a) this present trlal had alao been  }“
designed by Dr. wbaver to assesa the eifects o; various féédihg reglmes on ‘“ )
the incidence of urollthiasis in housed Blaokface ram Jambs,. - Dr. waaver kindly
7'provided thﬂ entire 1ivers at the termlnatlon of the exnerlment 80 that the
vi'effect of varying hay and concentrate intakes (whleh greatly altered the

~famounts of copper consumed by the dlfferent groups ox shaep) on. ooPpar storage’

in the, liver oould he assessed.

There were three bdaic dlets offered to groups’ of. 12 or 14 Blackface ram 1'
lambs aged about 6 months at the oommenoement of the experlment. The rations‘ "
-fed are listed in Teble 52, The- coneentrate mzxture was composed of 30% :
 maize, 30% oats, 207 heans and’ EQﬁ 11nseed. Group 1-received 300 g (low).l
Group 2 received 600 g (medium) and Group 3 reoelved 1000 g (n;gh) of
concentrates per day.w The hay 1ntakes were 675, 312 and. - 195 g. per day

;raspectlvely and all groups. wore fed 50 g, of swedes per. day.

o~

The m;xed conoentrate contazned 17. 1 p p.n. Cu and the hay and roots (D M.)r
"fcontalned 4, 6 and A1 P p.m. Cu reapectlvely.' As the concentrsto 1ntake
".inoreased from 300 to 1000 g. per d&y the 00pper 1ntake 1ncreased irom 8 34 »g;

j:17 99 mg. Cu per day (Table )2)

Feed'iﬁg/




» Table 52.

&ean ])a,:.l;[ Consumption of Ha,y and.

P Concentrates and Comoer Intakes.

Group 1. Group ‘2. " -+ Group 3.
CLow T - Meddum. - rHigh

Concentxates. . ~ Concentrates. ~ Concontrates, -

jnhy. (e) FER e R n2 125
‘Goncentrates (gD o w00 0 1000

a Swedes (g) o 750 " 750 L . 750

Coppex Intake (ng) “ ‘ | o o

vConcentrates- L ﬁﬁ\: “5a3 7f?z;f . ‘”'10.26 ':i;{ «i"_ 17:10° -

s Raots. f‘ ﬁf,9“Jf i'g~ ;bpléi]; B g'ﬂhiL;;f 0, 3 . 0.3l
h Total.- 'ff“fsﬁ n*"*; ey, S 9jjx T 12.01,,' 17,99

woidden, e 0 a0 s




Feeding of the experlmental dlets commenoed on. l December 1965 and

rbar "on 24 "fIaroh 1964?“?8- pemod of 115 days-

Ljver:dfy-ﬁéighﬁ,‘dbpﬁexbcoﬁceﬁtratiOn‘dndftotélfcobbér dontehﬁ. .g1'":'

The indlvldual and mean 11ver dry welghts, copper concentratlons and

‘ total copper contents of the 3 groups of sheep: are detalled in Table 53.14

,V;The relatlonshlp between the Mean daily coppar intake and the mean total

:1iver copper oontent in 8hown 1n Fig. 21.,

The mean 11ver dry welght (19) gO of Group 3 (hlgh concentrates) |
wes 81gn1flcantly (PAZO 01) hlgher than that (143 g ) of Group 1 (low conoen-vgi -
. Lratos) and Lhab (164 g.) of Group 2 (medium oancentrates) " The mean liver

o dry welght of Group 2 waa alqo smgniflcantly (P«iO O)) hlgher than that of

ﬂhe nean 1iver copper concentravlons of Group 2 (medium concentrates)
~¥,and Group 5 (high conoentrates) 208 8 &nd 240 7 p Dellle respectively) wpre

' signxflcantly (P4£0 Ol) hlgher than the mean llver capper conoenbrat;on

- . _(125 T p. p.m.) of Group 1 (low ooncentrates) The mean total liver copper f«

‘fcontents of Group 2 (54.7 ng)’ and Group 3 (47 4 mg) were also 51gnlf10ant1y
f(P ¢:0 01) greater than the mean hotal 11ver coppor content of Group 1 (18 0 mg)
 fHowev0r, desplte the faot that Group 3 (high ooncentr%teﬁ) hed & ‘much hlgher

o :daily 1ntake of copper (17 90 mg) than Group 2 (12 01 mg) 1ts mean liver *filfij

‘  copper/




50

740

20

214.

Fig 21. Relationship between the total daily intake . of copper

- and the tota1 amount of copper in the liver of sheep.

Total,liver Cu. mg.

Group 1

| 1 I 1 i ) L 1 i {

10 | 12 14 16 - 18,

Total daily copper intake.‘; mg.‘




Taeble MM. 4 " Liver dry weicghts, copper ccuomséur&woﬂm and total QQM@rH ncndwdam
o . of 3 groups of awmnmm

1

Group 1 - mﬂ;demww A mmm

Group 2 = Cu Intake 12,01 mz. : Group 3 = Cu Intake 37.99 ma,
To. Dry Wt. Cu cowo. Total Cu. ¥o. Dry Wt. . Cu Conc. Total Qm. Ho. uu% #ts Cu. Comc. Total Cu.

, T (8 (pepeme) (mg) (8 (ppem)  (me.) . (&  (pepem.)  (ma).

L6 1 138.3 16.7 2 171 - 232.4 - mmnd‘ ‘ 1 178 5648 10.1

8 . 158 145.0 22.9 -k 163 1%9.8 < 32,5 ‘3 150 253.5 3645

12 17 78.8 11.6 5 202 - 3059 6l.6 7 18l 153.6 27.8

15 165 © 76,8 0 12,7 11 213 246.7 - 52.5- 21 175 115.2 20.2

16 115 - 113.5 @ 13.1 1L 175 225.T 39.5 " 22 173 356.2 61.6

17 . 132 193,2 2545 19 162 207.1 - 33.6 . 33 206 328.6 67.T

8. 10, - 117.6 12,2 23 136 140.2 19.1 35 252 259.2 653

, 200 161 8G.8 13.0 DS B ¥ | © 2054 0 3%5.1 37 211 267.9 5645

S .26 142 7 170,30 2%.2 27 152 156.6 23.8 38 205 4330 8B8.8

S 28 . 13k - 118.3 i5.9. _ 22 - 120 205.0 2heb 41 225 2049 6.1

S 230, 159 8302 13.2° 36 156 - 239.9 . £Y 2 - 173 2599 k3.2
T B L 39- 152 1268.1 = 19.% - - .

B0 181, . 133.0 . .mr_.p.

WA 143 1257 . 180 . . 16, 283 3T 195 20,7 4Tk



'waocpper eoncentration (240 7 p p m.) and mean total 11ver copper content (47.3

-Aﬂgw;mg) wera not ﬁlgnlfloantly higher than those (208 8 p p.m. and 34 7 mg.)«

%”iygéarespectlvely) of Group 2 (medlum ooncenirates) Slnce the mean total 11ver
‘-oopper content of Group 2 was signlflcantly hlgher than that of Group l but
' not slgnlxlcantly 1935 than that af Group 5 this 1mplieJ that Group 2 sfored the :
_jjumqll amount of addltlonal copper (3 67 mg) in their r&tion more efflciently |
";fthan did Group 3 w1th 8. much 1arger &mount of add1tiona1 copper (9 65 mg)

‘:;Thls was borne out uhen the proportlon of the addltlonal copker fed to Gmoupa _.f

v  5 2 and 5 whlch waa stored in the liVGr wes calculated by taklng the dietaxy
icopper 1ntake and. the mean 11ver copper cpntcnt of Group- 1 as control 1evels.
The snomage rabe af the addltlonal dletary coppeg was 3 95% for Group 2 compared

- w1£h 2. éﬂ% for Grcup 3.

- The, h;ghast 1i+er copﬁer concentr&?;on fbund An %hls experiﬁent was 439 0 --
Do p.m. for bheep Nb. 38 1n Group 3. Thla can be regarded as a "hlgh normal" "H
' level buu one whlch is certainly well below thau at Whlch ohronlo copper
3tox101ty becomes a DOSSlbllityo " Phus although there was a pr0@£QSHlV0 1ncréase
'1n.11ver copper conc@ntrhtlon wlth progressive rlses in dletary copper 1ntake
the*e was a falllng o;f 1n uhe efflclenoy of coppev absorptlon and storage
ag;the-dletary 1eve1 of—copperilncsease&. This means, - bherefore, that the -
~‘bﬁi1d up of toxib»aﬁounté of*coppér‘in the iiver was certalnly not accelerafe&i -
"rpln this present experlment by feedinh diets contalning glightly elevated . -

;copuer QOncentrablone to houued sheep.



‘ -~ Bx éiiﬁéﬁt ) (a . o Liver quper Storage in Ybung Lambs being Fattened on

Various Feedlng Rgg;mes.'gl‘-

ThlB axperlment ‘was desxgned to atudy the storage of copper 1n the 1iver
;;f young 1ambs Whlch were being fattened under three dlfierent systems.} These S
- were’ a) grass alone, b) grass + concentrates ad llb and o) various cerea1~
,.based diets fed indoors.r The ratlons eovered a wide range of copper concent?a-lf

i tlons and crude protein céntents. One’ hundred and ten Half—bred lambs running '

'.A‘initially with thelr respectxve -ewes were used in this experiment. '

e

A total of slxty}seven lamb' were fattened at grass. Of these, 28 (Group

- f’A) recelved grass only an‘ﬁ39 (Group B) were at grass but had addltlonally

‘ft;fan ad 11b supply of a proprietory conoentrate (Lambwena) offered by means- of

"a self—feeder. The grass contalned 10 6 p p.m. of coppar assessed as the mean ‘

' :of three samples obtalned dur;ng the growing seaaon.

5 The»remalnlng 43 sheep were fattened indoors on’ slatted floors 1n four

;vgroups (C, D, B and F) and received the diets enumerated in Table 54. The

i';°dieta were freely avallable ad lib and in addition all four groups reoelVed

fthe-fibre content.;

:3-.9 9/

The copper cencentratlons of these four“diets ranged from ??f




Table 54. % Composition of Diets fed to the four sroups of
housed lembs in Experiment.da

% of Gxoup Analysis of Foods +

Diet ¢ D E iy CulesPolle C._Protein %

Oats - - 40 26,6 4.0 8.0

Barley - 80 40 26.6 5¢3 9.0

Sugar Beet Pulp - - - 26.6 ‘ 19.3 11.0

Lambwene, * 100 - - - % 21.0 18.0

Quicklemb #¥ - 20 20 20 | 31.0 30.0
‘g

Whole diet

Cus DPePeltte 21.0 10.4 9.9 13.8

C. Protein % 18.0 13.2  12.8 13.4

* Lambwena 5.50% CGroundnut, 2.5% decorticated Cotton Cake, T.5% Copra,
20.5% Bavley, 5% Oats, 15% Maize, 10% Wheatfeed, 10/ Distillers
Grains, 2.5% Malt Culms, 374 Sugar, 5% Molasses, 3.75 % Minerals
+ Vita, A.D. and E.

#%@Quicklamb  36.75% Groundnut, 13.5% Barley, 12.25% Soya, 105 Wheatfeed, 5% Maize
Gluten, 23% Fish Meal, 25% Hexring Meal, 5% Molasses, 12.5% Minerals
+ Vits. A and D.

+

Mean of values obtained on 3 sampling occasions.
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. 9.9 to Ql;o-p.p.m. (Tahle 54). The vation fed to Grour C was appreciably
' _higher in protemn (18 o) - than were ‘those fed to the other three groups of

nﬂﬁhoused lambs (12 8 = 13 4@)

The lambs were slaughtered on four diiferent dates ranging from 27 June ,
*gto 4 beptember 1964 aa they'reached about 75 1lbs. live weight. The whole

livers of all the 1ambs were obtalned at slaughter for 00pper determination.

The indivmdual 11ver dry weights, oopper conoentrations and total copper
oontents of the six groups of sheep ‘are detailed 1n Table )5 and ‘the mean

values are summarised in Teble’ 56.

For thoéé aheepfwhich"werexatﬂgrass, the feeding of 8 supﬁiementary"
‘conoenhrate (Lambwena) to’ Group B resulted in'a mean liverncopper concentra-

..tlon (503 4 p p.m.) and a mean total 11ver~capper content (64.6 mg) vhich

‘wlgwere s;gnlflcantly hlgher (P = 0 01) than for those sheep (Group A) which

Crecelved grass only (199 4 p p.m.,an& 44.8 mg. respeot;vely) 'The mean amount
: of Lambwena concentrate fe& to the 1ambs 1n Group B was 56 lbs. per head.
’ *‘Oalculation indicates that 3 Q% of the addltlonal oopper supplied in this way -

» was stored 1n the liver of these sheep at grass.

The mean 11ver copper conoentrations and total 1iver oopper oontents of -
‘ aﬂl the four groups ox housed 1ambs were s;gnlflcantly higher (P = Q, 01) thanA

‘-for the two groups at g:ass (Table 56)



Table 55.

No,

]
O @~3 GV W PO -

219
230

10
1
12

AR WD -

167
192
189
187

88

95

98
115
118
124
143
145
158
194

199
200

i:

Individual and mean liver dry weights, copper concentrationg

and total liver copper contents of 6 aboups of sheep.

Group A.

Drz Wte Cu.Cong. Total Cu. No.
(EQ Eoﬂ}#ﬁ)_ (mg. 2

185 184.0 34.0 13
168 176.6 29.7 14
189 185.6 351 15
179 100.1 179 16
187 111.3 20.8 17
174 172.6 30.0 225
194 137.9 26.8 223
217 82.3 179 207
231 257.9 5946 121
269 295.2 79.4 52
203 123.3 25.0 21
253 338.3 85.6 204
183 2776 50.8 43
264 236.5 61.7
239 152.5 36.4 Mean

Group B.
203 378.6 76.9 217
170 211.8 36.0 209
237 204 .4 4844 218
210 26541 55T 174
186 323.7 60.2 117
231 287.2 66.3 106
239 327.2 7842 147
239 344.2 82.3 99
220 314.8 69.3 135
223 198.4 44.2 213
215 145.1 31.2 92
224 393.2 8841 172
203 337.9 68.6 171
190 419.0 79.6 228
213 324.5 69.1 229
243 215.3 52.3 170
208 393.4 81.8 202
193 214.9 41.5 201
226 311.5 70.4
219 321.2 70.3
217 341.5 T4 1 Mean

Dry Wi Cu.Conce. Total Cu.
254 262.6 66.7
206 2711 6143
221 334.3 73.9
209 262.2 54.8
210 99.8 21.0
230 227.0 52¢2
217 193.5 42.0
230 133.8 30.8
257 223.4 57.4
231 1711 39.5
227 168.8 38.3
243 163.5 39.7
270 239.5 6447
220 199.4 44.8
231 303.9 70.2
182 161.5 30.1
221 260.0 575
172 323.1 55.6
254 241.4 61.3
207 287.1 59.4
283 200.5 56.7
200 43744 8745
204 370.4 T5.6
203 34244 69.5
245 420.2 02.9
130 363.9 47.3
231 298.0 68.8
165 280.1 46.2
170 276.6 ATe4
198 349.8 69.3
256 273.7 70.1
270 36644 98.9
214 303.4 64.6



Table 55 Continued.

} Group C.
Noe Dry Wt Cu.Concs Tobal Cu, No. Doy Wi, Cu.Conc. Total
T lopens (med
1 201 1220.3 245.3 67 204 1092.4 222.8
2 254 7495 190.4 13 193 951.1 183.6
3 225 980.4 220.6 50 188 800.9 150.6
4 200 979.1 195.8 T 133 975.9 129.8
5 230 670.9 200.3 8 228 875.4 199.6
6 251 1132.7 284.3 9 185 5775 106.8
48 220 622.8 137.0
41 202 T25.3 14645 Mean 208 896.7 186.7
Group D,
1 240 828.2 198.8 191 198 564.3 111.7
2 188 9134 171.7 58 151 936.2 141.4
3 193 553.3 106.8 163 171 663.9 113.5
4 227 TVY7-7 162.9 20 186 995.4 185.1
5 174 432.8 753 10 193 1426.0 275.2
6 169 1798.9 304.0 55 181 1131.0 204.7
7 171 1894.7 324.0 205 236 832.2 196.4
8 204 64T .4 132.1 1 129 2184.8 281.8
9 239 125641 300.2 Mean 121 1045.7 193.3
Groug Ecﬁ
1 225 837.8 188.5 3 194 1230.5 238.7
2 197 763.7  150.4 4 218 7767 169.3
18 197 925.6 182.3
36 261 895.3 233.7 Mean 215 904.9 193.8
Group F,.
1 208 932.6 194.0 5 221 842.0 186.1
2 192 1246.9 239.4 224 239 1280.7 30641
3 187 1418.0 265.2
4 179 17574 314.6 Mean 204 1246.3 250.9
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Table 56 'I‘he mean liver. dry welghts, copper . concentmtmns cmd total coprer
' " gontents of 6 gmupa o:{‘ lambsg '

Group Ho,_ of Dry Wt. Ou_conc. Total Cu content Diet Composition

Tambs. - (ﬁ) , T (ng) Cu ppm. C. Protein g%

Lambs_at_trass
A 28 220 199.4 . 44.8 - -

B 39 214 3034 B " 64.6 ' - .

Housed Lmn’bs

| ¢ | 14 - 208 8967 ‘186.% - . 21,0 18.0
D ;} ..'17»», , 191' "idagn? 1193.§ﬁ al-;ib;é - -;§;2“
p B w5 sy e 9.9 B _ﬁ;aﬁs
.. A?" - 6 ﬁ 'A264 :1?46.3_5_  \ 250.9 L - 13.5 134
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Of the four 5rouys of houqed sheep Group F which Qgé'fed.a-digt,consiSting-
Aof 26 6&noats, 26.6 Bsrﬂey, 26. 5 sugar beet pulp and 20%~Qpicgiamb, had a
mean liver oopper<concentratlon (1246 3 Pelo m.).whieh was sigﬁificantly-
(p = 0.05) higher- “thon bOuh that (896 7 Pepeme) of Group ¢ - fed on Lembwena
only, - and that (904.9- p p.m.) ol Group E whlch was fed 40% oaté, 4‘% barley
and zoﬂ Qulcklamb. 'The cuppex goneontratlon‘ln the vation icd to Group F.
(13.8 p p.m.) was appxoclably highex than uhaL in the ration fed to Group B
(9;,_p.p.m.).'"Tha protein contents of both rations weve cssentially the same
(13.4 and.ia.éﬁ regpectively for Groﬁps-F and B), Tt could, tﬁeﬁefo?e, be "
assumed that'thefhigher liver copper coﬁdentrétion_found for quup ¥ was directly
related to the highex éeﬁper concenfraﬁion of its diet in comparison to that

in the diet of Gyoup E.

On %he other hand no such assump%ian could eyplainiﬁhe highér liver

copper ooncentr&tlon found: for Gfoup 13 in oomparl so0n to Group ¢ (Lombuwena only)
slnce theudiatary copper conpentrxblon of Group bl (13 8°p. pim.) was much
lower than that of Gfoup ﬁ (21. O‘p p.m.) There must, Lher@fore, hwve been
i‘core factor wnlch Olther depleased oopper abaorptlen in Group ¢ or increased the.
OfflOLOHCy of copper abﬂoxptnon in Gronp P- ‘The difference mibht almost cert-
alnly be erlalneﬁ by the difference in the levels of dietury protein. Group C
whlch did not-otore the dletary copper-as @fzeetlvelv had*a hi, her-level of_dieﬁg
_proteln (18 O,n) tha.n Group ok whwh had o dmtary protein content of 13 4'51'.'-“77111-'{;11 .

f.dletary protoln 1eve1u hav& ‘been raported to dep“eam the rate of copper

u'_hbsorptlon/



.absorption end | storage An the livexs. of gsheep (MacPherson and Hémingway, 1965),
rats (McCall: and Devis, 1961) end pigs (Wallace et al., 1960 and Hanrahan and
'Grady, 1965). The difference in the dletary provein leveié\o ﬁhe raticns ?ed%
'VtoAGroups ¢ and P would.explain ﬁhelr d;fferent rates of 00pper absoxrption
“and their different liver oopper cbncentrations. -The @%éh*protein levél in ﬁhe
diet fed to Gréup C would also»aoeount for the. fact fhat the méaﬁ"liver ‘copper
conoentratlon and mean total 1iver copper eontent of Group C are not 31gn1flcant-
ly different from those of Groups D and E despite the fact that- the copper
concentration in the diet fed to the Group C (21,0 p. p.m.) is more than double
that fed to elther of the other two groups (10 4 and 9.9 p. p.m. respectlvely)
This indicates that Groups Dand B must have stored thelr dietary copper at

| more than twice the rate of Group C. .

-ﬁhe sheep”in-this experiment belonged to a commerciel owgenisation who
were running it as a trial to test the effectiveness of various diets in
fattening young lembs. They kindly gave permission to obtain the livers of the -

lambs from the varibus groups at sléughtebAand'alsa ﬁoAtake«food éamples for

analysea.g waever, 1t was not p0351ble to’ get an. aecurate checka”n the amount

"j;of food cqnsumed by each froup and thus to calculate their totalv

qff_In order to get an approi'mate measure of the storage rate of dietary copperuﬁ*ﬁ

e by the 4 groups of houaed sheep a food conver51on ratlo ofl"l waa assume‘._~“'?”y
PR b‘:} .

'fMQOn thls basxa Group 0 stored 3 9% of the dietary intake of copper compered to

K _f;mcre than 8.0% by Gmoups D, E. and P. This oonfirms what was already postulated

.that the absorption of dletary copper was being depresaed in Group C. The

_ahgorption/



absorptlon rates found for Groups D, E and F are substantlally hlgher than
‘Mthose that have been quoted preV¢ously by other workers. Thie is p0891b1y
" due to the faot that they are very ynung 1ambs being fattened on an. intensive
' system>with no herbage. Absorptlon rates quoted by previous woxkers were

. generally for older shéep.on more tradltlonal methods of husbandry,

.The storage rate of dietary copper by Group B which was being fed lambwena
pt grass vas 3_.6%. This is very similar to that found for Group.C (3.9%)
whiéh was fed on & similer diet indoors and éuggests.that housing in itself

had,ho'effect on ihcraasingfthe‘effioiéhqy of absorption of dietary cdppér.

Despite somo ver& high liver copper concentrations‘ho sympféms‘af chronic
.cbpper‘toxieity were fouhd in eny of the 1ambe.1 ‘Fourteen of the 43 housed
-lambs had 1iver copper . concentratlons over 1000 Do p.m.;f'the remainder, apart
.from No. 5 in Group D all had llver GOpper concentratlons ‘between 500 and 1000
p.p.m. Liver copper concentrations of this magn;tude are potentially toxlc
;ﬁd i$'is probab1e7ﬁhaﬁ if the lambS'had-been fed on these diéts.for much’

longgr “than the 12 weeks taken to fatten them some manifestations of- ohronio
~ would have appeared. However the. risk of chronic copper poisoning
copper p01son1ng/in this type of young atock, could be. reduced either by

having the fattening perlod as short as possible or alternatively by 1noreasing’

the protein content of the diet.

;Ezperimen%/



rExbéfimén£:9 (B) Liver eopper storape 1n young sheep belng intensively
A ! fattened indoors. AN K B

ThlB experiment was carrled out as a further 1nvestigation into copper
o >5fabaorption in- 1ambs being 1ntensiVe1y fattened indoors.‘ On this occasion o
'.aomewhat older 1ambs were used. Fifty nine small Blackfaoe 7~month old 1ambs L

aﬁiweighlng 40 - 50 1bs.,were housed on. 30 October 1964._ These were divided at

'ﬁilrandom into 4 groups of714§or 15 sheep pei gwoupg and allooated to one of 4

.:experlmental rations. These rations were bas1cally made up ofVSU% barley

In two of

Eand ZOWaof one of two dlfferenﬁ p prietary proteln concentratwjl

Ii‘{them, however 1)5 of the barley'portionﬁof uhe rationf;as replaced by suaar

";fbeet pulp 1n order to 1ncrease the fibre7  ntent Of the diet._ The comp051tlon:’f

"‘ﬁ of each ration is detailedlin;Table 57:“&In additlon each lamb received about

1 Bexley - L8000 650 U650
UBK.94 ‘ _}., 20, koQQ;?;5~-5 el ER0.0 S e

. ;”Quioklamb 5*vh‘ B - (Yo O

S -.'5ugar Beet Pulp :55,'f%f}§£1:.» _~i‘ 91215>}”155 $§;15;651;ﬁi“; -':l5f0":*i”'7‘f

,Analysxs of whole ratlon

o pmem % Coows o ame e T s
" C. Fibre'$ v - 4:8°7 0 aB 8 6
Copper Depem 68 96 W2




226,

E‘K 94 and Qumklamir we:r:e two proprietary prote:m ooncentrates manufactured '

o speci:[‘ically for intenslve lamb production.
: oklemb '

36.75

Gmund ﬁut
Soya Méal |
B Barley_
Wheatfeecd
Maize Gluten
Fish Meal
Herring. Merl
Molesses
Minemis and
o Vits. A& D
- Az_lal;zsis
C. Protein %
¢. Fibre %

‘ Coppex p.pam_.

12.25
13.5
10.0

" 5.0

2-5
2.5
5.0

12,5

30,0

4.4

| :;29-1-

Then.r compo 81 tions weres

B.K. 94,

36.75

- 16.0

10.0

26.7

4e5
14.8_

'Phe difi‘erence hetween the two conoentrates lies in ‘bhe fa.ct ’chat E K. 94

contams no anms.l protem while Quicklamb;- conta.ins 2 5% of Fishmea,l and 2 5?0

A Herring/
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B Herring meal.  Quicklamb éoﬁfained 29}1 PePoite Cu whi}st-E.K.94 contained 14.5
PeDale Cﬁ; TFeeding of the ekperimentéi rationg was commenéed on 21 November
1964.‘ The lembs were fed thesé rations wntil they attainéd & suitable siaughtér
weight offbetween 75~aﬁdf85 iﬂé. liveveight. They were then Blgughtered on
4_différenﬁ dates xanging'from_G_Janngry t0°10 Mgrch-l965. Fourudf ﬁhe.lgmbs
-weréLkilleﬁ at the start of éﬁé eﬁperiment\in prder to obtain en initisl value

‘for the liver copper donoentiation and total liver éopper content\of the laMbé

Samples of the foods were taken on 2 separate ocoasions and. these were
. analysed for their copper concentratlon, crude prote&n and. crude fibve content

(T@ble )7) Tha barley*contalned 4 8 p p.m. bu and the sugar heet pulp cont 1ned

"~.‘_14 9 p e m, Cuo Blood sqmples weve cbtained from all the sheep on two |

1'~separate ocoat sions mnd for a thmrd iime fram those sheep whloh took longer to
_:reach an acceptab1e slaughter welght.- A;}_blood samples»ohtaxned‘were ana}yseq j
for thelx copper cgncent;atlon. -Whole’liveys?werefobtained frbmléllhthe lambs.
oab Slaughter.-\fhése we?esweighéq, drieﬁ,"gxéund_and analysed for.their

* coppex- concentration.

vThere was a range in the copéeﬁ cnncentration of the rations fed to thé 4
Agraups from 6 8 Depadla for Group T to 11, 2 PePelta fOT Group IV. The additlon
of $ugur beet pulp inoreased the copper eonoentration in each case by 1 5 - 1 6
Pepem. Thc rationq oontalnlng Qulcklamb contained’ 2 8 o 2\9 Pe pem. more Cu
;lfhan those oontalnxng ﬂ,K 94 The orude protein content of aﬂl 4 diots was ifi
‘essentlally the same ranglng only from 135, 2 - 13.8 te In thisAgxperlment,

' therefore/



therefore, there should be o effact due to a dlfference in. the level oL crude
protein in the dlet. The foug dlats contalncd two diifcrant 1evels of crude
flbre content. ”hese vere 4 8% ior Groups I and 1I and 6 la for Groups III

and' IV whlch 1ncludedsugar ‘beet.. ThlS shnuld allow some - indicatlon cs to uhether

the crude flbre conbent of the diet has any effect .on copper absorptlon 1n aheep.'

'gégults.
°)NBlood;COQpér Congentration. The ind*V1ﬁua1 and mean blood copper conoentratlona

of the 4 groups of lambs are listed in Table )8.

The medn blood copper concentratlcns of alT 4 groups were. vei& éxmxl&r
{and varied 11ttle throughnut the course of tha experlment. ﬂhey were always.
"iwithln uhe ranbe O 89 - 1 05 p p.m. and were unaffeoted by thc different 1evpls
'of dletary copper eoncentratlon in the ratlonc fed. Therb were no signlficant
dlfferonees ln mean blood OOpper concentmation between &nv two groups on- any

of the three sampEmnv detes.

_Lqur dry we;ght copper concentratlon and total GOpDer content.
The 1nd1v1dua1 and mean values fov 11ver dry ueight; 1iver-00pper

:_igconcentratlon and total llver—copper coutent are listed in Thble 59.




Table 58  The individua.}_l end _mean blood copper concentrations

(Repeme) of 4L£~_r6ups'~of lambs.

No. 7.12.64 6.1.65 T.2.65 - No,  7.12.64 6.1.65 7.2.65
42 0.82 0.96 1.25 68 0.92 0.99  0.95
43 1.10 112 1.30 .69 1,09 091 1,09
44 0.62 0.90 = 70 0.94 0.86 =
45  1.19 1.13  1.24 71 0,69 ©  0.73  0.90
46 1.05 0.87 - 72 1.07  1.01  0.81
49 1.07 0.67 0.91 - 13 1.14 100 -
50 0,87 091 - 74 095  1.09  0.81
51 0.77 0.95 = 75 0.64 0.85 -
52 0.45 1.01  0.82 76 - 0.85  1.00  0.81
55 1.15 1.24 1,05 7 1.25  0.90 -
55 0.99 0.92 - 78 1.04 - 0.91
56 0.95 0.86 - 80 1.23  0.97  0.82
57  1.20 1,02 0.81 8L 1l.34  1.39 -
' 82 0.80 0.90 -
Meen 0.54  0.98 1.0 wetn  1:06  8:88  8:35
Group III - Group IV

58 0.80 1,01 1.01 | B
59 0.90 - 1.12. 0.82 - |
60 0.72 0,92 0.80 84 0,96 0,81  1.12
61 1.07 0.87 1,01 . 85 0,96  0.88 -
62 0.94 0.92  0.95 86 0.77  0.87  0.74

63 1.33 1.15 0.88 - 8 0,81  .0:88 -

64 0.89 0,90 1.09 . - . 8 - 1.31 . 0.83  1.17
65 0.82  0.82 = 91 - 0.88  0.87 -
66  1.09 0.77 = : 92 0.60 - 1,02  0.86
67 . 1.05 1.07 1.09. - . 93 . 118 114 . -

© 68 1.00 1.00 - 94 0.93  1.04 =
69  1.10 0.91 = 95 L7 097 =
70 0.7 0.94  0.86 97T. - 0.82  0.92° =
71 1.8 1.4 0,97 98 1.21  0.97 -
72 0.85 0.94  1.20 ' o

_Mean 0.97 0.97  0.97 Meen  0.97 093 - 0.97
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- Table 59 'I'he 1n&ividua1 ond mean 1iver. drx weights, 11ver'éo\p'per odnce_xﬁﬁ:a%iqm
oo and total 1iver copper contents of -4 groups_of. sheep. ‘ -

. | -——-——-P-—-G wpI . - Growp IT
, '_IF;Q,' D M (g‘) Cu Cone. (p.p.ms) Total cu .1‘1.9.- M.( ) Gu Gone(p.pen.) Total G

42 132 267 2 35.3 68 '1¢3 g75.4- .51.a"f
45 186 225.5 4.9 69 191 253,68 48.5
4 23 258, 5500 « 70 233 2025 . 4T.2
45 163 3034 - 49.5 . TL 174 1518 26.4
46 151 153,0 - 231 . 72 124 136.6 - 16,9
49 166 . 3489 5T.9 73201 3L 0.7
50 . 115 - 220.4 253 T4 156 348.8 544
517 133 166.4 . 2201 75206 211.7 43:6
52 190 302.5 . 515 . 76 149 . 3385 50,4
53 157 99.7 . 157 7T 158 3@T.4 - SLT
55 ATT - 124.1 L 722.00 . T8 169 - 3B . 640
56 197 .163.30 . 32 807 182 410.2 T4
COST I3 3645 o 49.9° Bl 178 269.3 4.9
e, C 2 192 A 60.5
Medn 163 - -230;6f- . 5. .83 195 3210 - 62,6
‘ C o Mean 180 286,20 5104
S guowp 111 R N Gmoup v o
58 A 39T 39.9 i
~ ﬁwf{@$fb;%39g,~*f@$s?gfff ST
607 1682 36T < 5Bz - o 84 U194 - 509.9 L - 9839
61 164 28,1 . . .46 ° 85 - 260 - 149 - 8L -
62 174 2416 42000 86 133 2Ll - 2944
CL63. 253 270.00 o 68.3 88 236 . 130909 . - LT3l
64168 v 2525 L b 4244 @9}&%-f3m95*;‘?nm57
.65 195 - 222i8.. . s34 91 139 . 185.8 - © 0 25.8
T RIS LU U137.0 . 2945 L. S92 120 467:8 . 5641
6T 165 C 2636 . . 43.0 - 93 o251 U156 L 38
C0 681194 o 30167 58,5 L 942250 - 38090 . . . 857
S -69. 72850 TPIB.A I 544 - 95 207F - 26T.8 . . 55.4
MO 128 BI6T 405 97 25 A8 410
s amor g

;.' «7g;‘,‘;5§j!7;'{'178 2i?’<£§;«;af{f;" R S T R
S Mgang?i§1?f- - 269.4;;“‘Q_".;u145;iff- “1)Megg~200'~?"’3;955 S L6244
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A sommary of thefmgah values‘fdf'thegii#er dry matte£; 1if¢r‘qpp§ér*
cbnhéntfation and totel liver copper content of the 4 groups end of the-4 sheep .

killed-initially is given in Table 60.

‘Table 60 Mean liver dry matter, copper concentration end total coppexr content
~ of 5 groups of sheep. A

Dey Matter  Cu Concentration -Total Cu (mg)_
| | &) (Bapeme) o
" Group killed initially - 134 (120-142) 206.6 (157.9-245.1) -27.5 (24.5-33.8)

Group I | 162 23046 575
Group IT - 180  286.2 W)
Group III ) 181 - 260.4 4601
Group IV. .. 200 | 30,5 . 62.4
Sign.Diff. = ~ przv >Gp.I (P<0.05) - ~ ~ | Gp.IT '7Gp1'(P‘=0.05)-
(bot.means) | Gp.IV?GpI(P%o.oz)

Fig. éé}gﬁows”théfrélationship betweepbﬁhé'cohcentratioh‘of ¢d§pe?.1n théi
A.’foodnénd'fﬁé-mééﬁﬁliver~coppérfooncentratidns;ofiﬁhe four groups{-:A lineérflg"
“‘felatioﬁshiphié found‘tOféxist betpéen those two factors; fhe_liver Copper;ﬁ '
eoncentrétion inoreasgs ég 3 06nsequanoe of an inoreaéed-copper concentratioh i
in the food. Thére:ﬁeré no significanf,differenées, thever,;in liver copper

concentration/
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Fig * 22. Relationship between the concentration of .copper in the

£ood and the total amount of copper in the liver of sheép.;f

Total liver Cu. mg.

70 -
60
50
40 T J
. . | | - )
; > g - 10, ™

‘Conqentration!of copper in the ration.,  ppm.
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concentrotion among the'4”g¥oups. Thet the mean liver coPper'conoentrationA.—

of Group TV (310.5 p.p.mé) was oot significantly higher than tpot of,Groﬁp I ’
(230,6 p.p.m.) can only be exoiained by'the fact . ‘that the meen 1iver‘dry metter
of Group IV (200 g) was signiflosmtly (P = 0.05) higher than that oi‘ Group 1

(162 g). ' The combined mean liver oopper concentration of “Group II and IV

(29?.0 pep.m.) which wexe being fed 20% Quicklamb was signifioantly (P = 0 05)
higher then that of Group I-and III (246 6 ppum.) Uhich vere being fed 200

, jE‘K. 94. Thms ig. purely a reflection on the: difference 1n oopper concentratlon;;
between the two coneentrates. - The Qulohlamb had a oopper oonoontration of 29 1:t

T ’p p.m. compared wmth one of 14.8 P p.m. for the H.X. 94

The mean total 1iver oopper contents of Gxoup II (51 4 mg) and Group IV
4(62 4 mg) were algnlflcantly (P«¢0.05 and 0 02 raspectlvely) hibher han the mean
”ftotal 1iver oopper content of Group I ()7 5 mg) This conflrms what was ’ A

 suggested earller that if %he llvers had been of equiv&lent size the mean 1iver

'j_oopper concantratlon of Group IV‘would have een Bigniflcantly hlgher than

J “that of Group Io: The comblned méen total leer coppexr- content of tho shoep Hi
fffea 20% Qu:.cklauub ( 36 3 mg) was signifioantly (P = 0.01) highe; than thot

,of the sheep fed “Q% E.K. 94 (4 1 mg)

;’-3 'ﬁLiver Storage of Dletarx Gogger. There were 1o signifloant differenoes in

‘5ﬁi“the rates of absoxptlon and storage of dietary oopper found among the 4 groups.:f

"The poroentage of dletary copper stored in the liver by the 4 groups (oalculated
irom the botal Cu oontent of the food oonoumed) weis: 3 5, a 7. 3 6 end 2, 9% .
-'respectlvoﬂy LOT Gfoups I to IV. ‘ ‘

o Effectrff‘"
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>>lEffect of Fibre (from sugfr beet pulp) The addition of 15% lugar beet pulp

= to the r&tione was found to have no effeot on. the proportion of dletery copper ‘
.'stored 1n the 11ver. Thls can be seen.from Table 61 where a oomperlson is -
made between the dlfference 1n copper concentration and total llver copper
‘ content of the sheep belng fed Quloklamb and those being fed E K.94 both w1th -

and without sugar beet pulp.:

Table 61.f Gomparlson between 1iver coppexr concentretion and total liver -

‘ eopper content of sheep on & low and high flbre 1ntake.

- "Cu.Cong iy’ n\-'jnivefTCuhi“ . Total Liver. Cu
food: iﬁ.ﬁ.m.) Conc.IE;p;m;) o (mg). -

‘;fBerley + Qnioklemb (Gmoup II) 9 6fi* | ;:' ‘;286 2 -.: %'5194“ L

féiiB&rley + K. 94 (Group 1) ke ":'5f25o 6. .. 315

.\ er——

9

[
N

"Ablfferenoe. . ’;_ ST ,ﬁﬁ‘i.: 2.8 . 55,6

. L A - N | . ) .
She—— PR AP ——— e ——

'Barley * Qulcklamb #* S‘B P. SToAl2 0 TB00 0 62dh

J%Bdmiey + E K 94 + 5 B B ‘13131 : £=”;24260{4fh5fCﬁ §;§6§f§f>f;gmif;;i
_ (Group III) L e
leference f 2.9. s 27506 e 1643

Thls demonstrates that the oopper wes stored equelly irrespectlve of the

.’?;fibre oontent of the dlet. Thls is also eV1dent from Fig. 22 whlch shows &

nﬁllnear relationship between the conoentration of oopper 1n the food and in

2;the 11ver.- If the addltion of sugar beet pulp h&d been effeoting the copper

istorage rate a streight 1ine graph wou ‘ave been obtained. f{

.g“f{.PﬁZp'f;;’“
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In contrast toiﬂxperiment 9 (a)- where almoat all the housed lamba hed 11ver

copper concentratlons 1n exoese of 500 Pepellis, only two sheep in thls preeent

. experiment had 11ver oopper concentrations above this 1evel.’ The copper oon~'

\centratlon in the diet of moet of the groups in these experlments was’ wlthin L
the renge 843 to 13. 5 D. p.m. end the orude proteln content was around 13 0%.A
The dlfferenoe between the llver copper ooneentratione of the sheep in the teo
experlments oannot therefore, be explained by a difference in the dietary |

inteke of- copper or crude protexn. The most probable cause; of the higher liver-

"Tcopper concentrations found for the lambs-in«Experlment 9 (a) waS»the faot

that they were 1ntroduoed to those intensive rations almost from birth when
;they are poesibly able to absorb the dietary copper much more efflclenﬁly.
The- eheep in the present experlment had been weened before they were introduced
-to the intensmve fattening ratlone and were ebout 6 months older than the lambs

in Experlment 9 (a)

There was no immlnent danger of oopper toxicity OOGUINLHgln the present
4experiment ané in fect the highest 1iver ooPper oonoentration reoorded 509 9

PeDelle, is only Just outside the upper normal 1im1t.

AN

Experiment/
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 Experiment 10, The storage ‘of oopper in ihe 11vers of 1ambs fattened at prass
- o Cwith aogess to creep. feed. ~

This eiperiment inyolved\an invgstigation into the compérgtive r&fea pf_
storage of copper in the 1iver.of lambs eithef (a) born indﬁors anﬁ:houééd '
for the first 10 - 12 weeks of 11fe and then fattened off grass alone or w;th
gome supplementary concentrate or (b) smmllar lambs born outaide and fattened

- onwa similar dietary regime.

.X.Seéenty seven Halfbredilambs were uséd:iﬁ the exﬁerimént;? é5 of the 1éhbsx
‘were boxn 1ndoors while the remaining 52 -had. been born outside. Lambing took
place between 1 February and 13 March 196).: A1Y 77 lambs had acoess to oreep '
feed - Lambwenﬁ ~ until 6 Ma& after whidﬁjtime the housed lambs wers taken-
outside and 12'§£ them- put to gréze~with 36 of tﬁe lambsg which had been hofn-
out51de. These lambs ran with thelr mothers at a stocking rate of 7 ewes/bcre
and were offered no supplempntary areep feed.- The remainlngllambs, 13 bhorn
inside and 16 born outdoors, were placed in an adjacent paddock'with their
moéhers at & stocking rate of 10 eﬁés/acre, These lambs wérelbfféfed_euppie-i
mentary ocreep feed gd lib. The oreep feed was ovriginally Lambwensz alone but
thié:was graduallj diluted with barley until by 3 July g_mixfuré.of equal - -

parts Lambwena and barley was being fed..

The lambs were sleughtered on either 25 May, 8 June or 13 JUly 1965 when
they reached an acceptable weight of T5 to 80 lbs. 11veweight. The whole
livers were obtained at slaughter and, Weighed.'“The~caudélglobe was then

separated/
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-eepareted, weighed, dried ground and analysed for ite ccpper concentratlon._ ‘
x!If the copper concentretion 1n the ceudal 1obe ie teken ae repreeentatlve
of that in the whole 11ver the total amount of oopper present in the llver o

: cculd be calculated.

Samples of the pasture belng grazed and of the barley and Lambwene fed
' were obtained on’ several different occaelone end these were then analysed for

‘.thelr c0pper concentretlon (Teble 62)

Reeelts;.

The tctal emount of creep focd consumed b& tﬁe 1ambe wee.recorded.« Untll ;;\

1;456 Fey the housed 1embe ccnsumed 224 8 lba.;lembwena/head compared wmth 204 1 lbe.i"
: /head for the lambe horn ouﬁside,. i e a mean - coneumptlon of 21 5 lbs/heed )
f‘to thls date.e After 6 May the mean total amount of barley end Lembwene

.‘coneumed by the -group whlch had ecceee to the creep feed is 1leted 1n Teble 62'ﬁaf

TabieQGQ_fi»Gopper_6onbeﬂ£:etien:end:creep;feed coﬁéuhpﬁibnaafﬁeiiéfMey 1965, - -

L Sheep killed on T Lembwena (lb/head) Barley (1b/head) Grees.»g;fi o e

L 5 /6 /65 | 48'03‘8..‘:{:* . ‘;2-».65;.;'”1_‘ Y

| 513/?/55,_;£5ji?{ L i04;35;ff;;;__‘jfftf}?:?ﬁ_‘ifT~;ﬁ;"'iflg{ A

.. Gopper conou(p.pemi) i - @2i5 v Ui UEs il t10.50
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From this-daﬁé-thé‘meah intake of dbpﬁér from théééreéb feed for éach*

"~ 'group was caleulated, By 00mparing this w;th the total amount of copper stored

ff“ln the llver the proportion whlch wae stored in the liver could be calculated.

liver dry natber, copper concentration and_total copper content.

\

' The individﬁéiiahd meen liver dry weights, liver copper coﬂgehtr&tioné! o

end total liver coﬁpefxéon%entshof the»4'groﬁps of sheep are_lisﬁéd iﬁ'T&blé 63.

A summary of the mean liver dry weights, oopper.cohcentraticns and total

copﬁeireqﬂtenté*offfhe-4fgrqﬁ§§ of éheep,is given in Table 64.

:“The mean liver-coppef:éonoentration of the sheep in'Gioup II16155 O‘p p.m.)g‘l
which were born out51de and g:ven no oreep feed was slgnlficantly (P = 0, 01)
f?less than those of the other 3 groups (226 B 436.1 and 262 9 p p.m. respeotlvély?"
 for Groups I, III and IV) The mean liverucopper congentrationu of Group III
-(450.1 p‘p.m.) which were born 1ndoors and. given oreep food at grasa was highly
signlfloantly (P«LO 001) greater than those 01 the cther 3 groupsa No
 ;s1gn1f1cant difference was found between the mean liVerboapper conéentration o
,;:of the sheep in Grsup 1 (226 8 p p.m.) hioh were bormn 1ndoora and given 1o U
',creep feed at grass and that of the aheep in Group Iv (262 9 o p.m.) whioh

)were born outside and then given access ‘to- creep food at grass.

\‘fhe mean total 11ver—c§p§er eontnnt of Group III (born indoors and gmvén
{!ereep feed at grass) (86 1 mg) was hlghly signiflcantly (P = O 601) greater
'fgthan the mean kotal 1iver-oopper contents of . the other 3 groups (45 9, 32 &
. and, 52.0 mg,: respectlvely for Groups I. II and IV) The mean total 1iver

| ﬁcqpper/ »
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Tablo 63. Ind*vadual and mcan llver drv weiphts, copnor concentratlons
- ¢¢a~and Lonal coppar contentb cf & groupa of sheep. ‘“;f'*--»‘ B

. Group I' Born Indoors., No creap feed at grass. Ziﬁv‘.p

ST ey Cone.-;wTotal _ hfﬁﬁt‘“"f-'?' Cb Cong,  Total "
- .. No. D ..(g) (n .m.) "Cu(mg ) e Ne s D ﬂ (n) “{p. p.m.) Cu(mg )

'ﬁff€23? 8-5&";39- :ifsﬂ

ST R9.0 B
:ag:pa;.h-:gp 47
CFase 3.6

Hean(lz) 19?"'T??;226 8-»iff;&3.§flﬁ

=fﬁ:59 j"ymi?a;-1007;~f
AT T TRB2LT e §
ST ABT LA :
Ce o 15108
S 0196030 f
L TR99.6 . -
;_162 O?sb -

Cige
11;0; L

Group ll Aﬁgfniﬁqt§4de.; No~ crbep feed at HfdbS. %

"%ff%S. 206 “@119.6* ',"pa @;rﬁ*‘g"
ST9 o 190 - 10807 L R0.7.
29 185t usd 215

L \42335’ 067
':‘n?g;;glgﬁi ' 14&,553,:j" —
FR02-7 . 215,00 L h3W4

J
5
‘;.@;-J_ - g o : ,
@l a6s 85,5 0 31,1 - .31 - 203 L 1h9.0-0 30, ?
C10 257 AThG9 T A9 k6 2527 170,80 43,0 -
S11 26 138,30 29.9. U7 2130 134,80 28,70
C 13 GRY SIR80LL L0 60,80 5 FE8 205 0 t80.8 16,6
A7 TR3h T A8L k1.8 65 187 L 517,30 96,7
S MO R19 Ohe5. 20,70 . RS- U760 A55.5 0 27.h
Crbooa82 6.3 32,1 oo 06 L R33 5 RB.3 L BhS
84« 175 CA96.3 0 Bkl 0 100 216 T T G790 31,9000 -
S 900 167 13605 0 22,8 . ¢ 12 7 217 105.3 22,9 L
L1606 260 0 111,90 0 26,9 . 0 akl 18l 210 W37
71200 201 0 98,9 . 1909 - 17 o215 159.7 . 34,3
Tz 193 s121.90 235 - 22, 217 L 170.6 7 37.0
3 176 - - 101L.5 “17,9¢ 20 173 0 127,80 22,1
A85 . 198 o 163.6; . 3004 o o : I '
195 ‘175,~ 4§1A3 1. 25.00 - Mean(BG) 204 155.0 ¢ 32,6 -

Group IIL. Bgin;Inﬁporq.l_Lrecp ieed at grass.”“_~f

23 f : A69 8’_.'f103;5 ~ 80 181 CMLB.0 . 81,1
150207 ¢ W03.1 7 - 83. Tt 10T 77 L S380.8 . 67.h
26 183 c 3738 oG8 o 10k 165 B69.5 9.0
32179 B2 57T U250 220 A52.00 99
50 L 212 6377 135.2 W o2 29&#7_. i

51 . R10- - 450,396 o oo I
o3 =Rl 89,9 108,30 T
67 177 . 300.8 53,2 ’Mean('l'?)) 200 _‘.430 1_. : -86‘.1’ ST

Gféup V.. Born Qgtside., Creep ieed at prass.

16 216 269.8 - 58,3 *.fgllaA ‘_17)'-' . &89.1 50,0
A8 219 0 2804 . 6,2 . 15 197 13840 27.3
S A9 240 So118.2 0 280, CL130 0 T R21 L a8 T k83
S56 0 193 376,000 7260 13500 1720 347,60 . 59.8 7.
S.U57..186 7 A83.7 . 3k 136 200 0 180.9 - 364
63 199 . 349.0 < 69,50 oAbk 172 < 592.5 - 101,9
o6 214 200,0 - i k2.8 207 .. 212 336.7 - Tlu.
L9600 U211 39,8 .8 L T e T
BRI = L) - S R, T, T« I RN O R~ SEDELIS { APV £ .0 Tt SR Y o S YL SO U
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Table,.blh. The mean liver dry"mattér,.liverrcopper concentrations
: and total liver copper content of -4 groups of sheep.

Dry Hatter Cu Concentration Total Cu

Group J ’ Neo/Group ™  (g) (popom. ) (mg.)
I (Born indoorsi .
o oreap at grass) 12 192 226.8 43.9

II (Born outside; ' . : - o T
~ No crecp.-at graus) T36 200, 155,00 - 32.6 -

III - (Bora indoors; | o f oo
: Craep fed ot grass) 13 200 430.1 86,1

AV (Born outsides -

Creep fed at grass) 16 203 L 262.@ - 52.0
= A Cu Concentratlon S Total Cu
Sign. DIff. . Gp.dT<Gps.I, III & IV (P<0,01) "Gp.IV >Gp.II (P<O, 005)

-* (between means) Gp IIL ':>Gps.1, 11 & IV (fuo 001) r:p I ?Gp.l, Il & 1v -
S S R (?ao 001)



copper content of the sheeﬁ in:Gioup IV.(SZ 0. ﬁé) which’%erelborn'outside and
»_glven creep feed was signlficantly (P 0 005) higher than that (32 6 mg). of
the sheep in Greup II which were also born outside but given no creep feed.
 It was not, however, significantly hlgher ‘theni the mean total liver copper

- content (43.9 mg) of the sheep in Group I whlch weres born indoors but given
no oreep feed when turned out t0 grass. Deepite the-fagt-that there wae a
highly significant difference between the mean liver-copber concentrations

. of Greﬁps‘I and II thefe was not quiﬁe a significant difference in their mean
total 1iverwcopper contents (43 9 and 32,6 mg respectively) fhis is due to
the faot that the mean liver dry weight (204 g) of Group 1T, although not
eign;flcantly hlgher than that (192 g,)‘pf Group I, is eufficiently,abovegthat
of'Group I'ﬁo‘fe&uce the difference iﬁ ﬁeeh total 1iver-eobper contenf‘te e
v-non elgniflcant level. The aotual difference in mean total 1iver copper

A'contente between the ﬁwo groups is ll 3 mg. whlle the 1east difference required

v““‘¢for Blgnificanee ia 12.) mg..},'a‘. .

5

‘:in the 1iver.

No 1embs were kllled at the etart of thxs period ao that no control valuesﬂf
'“iwere avallable for elther the 11ver 00pper concentration or total copper conlent

'prlor to the final fattenlng stage of the four groups at grass. As this was -

“'&ithe case" it wae p0531ble only t0 calculate the etorage rate of: dietery coppere

gfiin these two groups whlch had. eccees “to. oreep ;eed at grass by comparlng them

T:w1th fhe 2 groups which.had been simllarly reared up until 6 Nay but whlch R

o :--efter/
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efter thie dete were fattened solely off graee.}'The flnel difference betweenr;'A
the totel 11ver-copoer oontente of the two groupe belng‘eompared would be duexi

'to the addltlonal oopper intake from the creep feed anduae the mean food o

';consumption of eech anlmal wee known the percentage etorage in the liver

'>3?QQ,3f~ 3”of thle supplementary copper could be calculeted.,,,~i’

~aWheﬁftheAeheep”in Group[III. whichzeere‘Bere'ineide:and}%hen given creep
 ;feed at graee, aras compared with Group I whioh were also born ineide but were :
”'*iglven no ereep feed at graes 1t was celculated thet 10 4A of the supplementary_’i

‘:copper hee been stored 1n the 11ver by Group III. Slmilarty when we compare

g:the two groups which were born outside we flnd thet Group IV hee etored 4 9% -“ﬁ_
f of the additionel copper At recexved 1n the creep feed.
e Diecu581on

: Lt

The moet eigniflcent reeult to emerge from thie experiment wee that coﬁper
-eae storod apperently mnch more effoctively by 1ambe whlch hed been housed
' jﬁig} than by 1embe which hed been reared on an equivalent diet outdoore.' Thle is
“‘{ev1dent if we compere the total liver copper contents of uroups III and IV.-
-%ﬁ'Both groupe had received elmost exeotly equal emounts of creep feed but the sheep:

-’ei  ln Group III whlch had been housed for the flrst 10 - ]2 weeks of thelr 11ves

‘ihad stored 34 1 mg. more copper than had the eheep 1n Group IV whioh had been

I.r . oA,

“f"outdoors all uhOlr liveer Aleo the ﬁ etorage rete of dletery copper et grase

.';ij the eheep whlch'hed previouoly'been housed was 10 4% oompared thh a- etorage,“i
ej‘: rate ef 4 9% for thoee eheep which hed been outdoore continuelly.f-Thle

;u:euppoeltion/




| é43.']

gsupposition that the housed 1ambs stored their dietary coPper more efflclently.
N ’13 emphasised by the fact that the mean total 1iver capper oontent of Group IV |

1 which had aocess +0 conoentrate feedlnp all their 1ives was not significantly
hlgher than that of Group I which got no supplementary feeding after the ) | _
‘1n1t1a1 10 - 12 weoks of 1ifé during which" time they had been housed. The factil
that the ‘mean 11Verwcopper concentration of Group I (226 8 ps p.m.) was signlfi-?l
- cantly hlgher than that of Group I (155 0" Pe p m.) also suggesﬁs ‘that housed .
.\1ambs store dietary ccpper nore readily than do those at grass. Group I had

‘been housed tor the- first 16 - 12 weeks of 1ife and. thereafter both groups had
* been fattenod at rass w1th no supplpmentamy oreap feed.z It is probable that
’there would be more copper ab. birth in the 1ivers of the lambs born indoors as‘
Al'the ewes were Oh an 1ndoor diet._ waever, as-the liver slze would be smgll the
total ‘amnount of extra copper would be unllkely to exceed 2.3 ng. This dlfference
isg “llght compared to the differences at slaughter between the mean values

of the larbs born indoors (130.0 mg) and those born outdoors (84.6 ng).

‘Free access 1o concentrates containing ébout 20,0 p.pem. of copper increased
the‘mesh 1iver-ccpper“qoncentratibns énd‘total"liver—copper gontents of- sheep
| graziﬁé pasture containing-lo.S pip.m."cu{* This can:ba seén by eomparing -
Groups III end IV which had dccess to supp}éméntary"dreep food and had totel
liver-copper oontén@s,of 86.1 and 52.0 mg. réspectiéely'with Groups.I and II
. {which We:e living solely off grass).and:hadfmean total liver-copper cqntenté

{of 43,9 and 32.6 mg. réspectively.

gggeriment/



 2%4E?l;

»"fExperlment 11 (a) The storage of cogger 1n the 1iVers of young,sheep fattened

'— . intensmvely indoors on c@real based dlets.;ﬁﬁaf‘“”

Thls experlmenf wasrdé51gn§d as. a-fuxfhér investigafioﬁ info\copper ;T¥'jf
‘absorptlon 1n small 6 month old Blackface 1ambs which were; intensively‘fattened
:;indoors on a 1argely eereal diet.- Waize, b&rley and oats were used 1n different
l combinations ag the oereal portlon of the diets whlle the proteln requzremenus
“}-were supplied by groundnut and soya bean meal As groundnut and ‘moys bean L
'contain appreclably more copper than ceraal ; in one treatment urea was used
“as a substltute for half the groundnut and soya hean meals.i In all six different‘

' 1d1etS were constructed and these have been detaxled in Table 65.:.§: =.“J

_beigféﬁﬁ~-%'Coﬁpositioﬁ.of'niéts*

up I 2 II Group III Group IV Group V Group VI

‘ }:35r1?§LJSN£ 85 D i f:i f& 35 0 s f? R "ijz

- ﬁ?izéﬁﬁg - Afﬁ‘léﬁwﬁllf:t"‘ . - 35 O,f: -91%%5;‘3¢;zé.33'~"
,.0559'1€ ?‘- . - ;ﬂ-" :n;;L.iﬁo of 50 0 'fﬂ}ftfif;5h5;‘\, ‘
"‘Soya ‘".j,fj’7.5 _51 7,5jT'5j§;  1. 5J§€. 7 5‘:"=:§?%§f'ﬁff»9;51 _
l:tGroundnut 7.5 f%3§7§5 ;1';'i;f755 f:«; 7¢5¢f,¥f;3;7s?{:§ '.;:.. |
 'Urea."l.11. - ‘.-L ";, ;* Ai;;'_}:ﬂ',a, p‘:*§{i.2f "  ¥:1.é'1*£ .

'Lucerne . .. ";;$ 4?f?xv :'!}i;f;7¥»?f; f?,*:Q0.0'
(dzied) : S ,. A .

' Analysiq of Qoncentrate Dlet

» ZfCrude Protelnﬁrl4 l ' 14 2 %ﬂ1”14 9‘1:; 14 9 14 8 1:13 5,"‘“
00pper (p p.m.) 5 85 4 35 Fii% 5 96 5 55‘ft

3. 29 ;1; 2 81 o
-”‘4* All diats oontained add:tlons of 1A G&GO 1/ NaCl and v1tamins A & D. ,

-_‘1.

| iafTﬁng:';’h
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i‘Theforude protein COntépts"bf.all six rations were between 13.6 and 14.9%.
It is;unlikélj_that such small differenées woula infiuendé_copper Storége. |
The. ésppefilevels‘of the;ooncentrate'aieta rénged from~2.8‘; 5 9 b p.m, These
.are 1ow levels of copper ooncentration and tho diets fed to Group V' (3.3 Pe p.m.) ,

,and Group VI (2 8 p p.m.) could almost be- regarded as being copper deficient, -

ASixt& eight 5 - 6 month olad Blaokface,ewe lambs vere used in this experiment.
These were brought ih‘ficé&i hill grazing in Argyll in 'Séptémbei:; and housed
direotly. On housing they were put through a footbath. 1nnocu1ated againsb
pulpy kidney, treated with carbon tetracthIide against 1iver fluke and
 Thibenzole against othe; internal perasites. Hight of the lambs died as &

‘resulﬁ of'écidosis duiing~the initial bhapgeovgr period on hoﬁsing and their
{livers?have«beéﬁ uséd'to prdvide an initial value forsthe 1iver oopper ooﬁéent&a—
tion and total llver copper- content of the sheep &% the. qta”t oP the, experiment.;’
The remaa.ninb sixty 1ambs were divided at random into 6 groups of ten, eaeh

_group was’agsigned t0 one of the experimental~rations.

'ﬁﬁvefofﬁthe 1ambs in each group reoeived»é‘supplemént of’lo mg Cu‘per'day.
Thls was glven as a drenoh of conper sulphate once weekly. each drench contaxning
70 mgg Cu (280 ng CuSO4.JH O) TA1Y the 1ambs 1n each group were ear»tagged '
- before randonlsatlon into the six groups of 10 and it was decided to drenoh‘

'?thoge five lambq in each group whlch had the five highest tag numbers%

Feeding of‘%hé'éxperiméhta;-diets qommeﬁéed on{12'00tobervl964., THe maize

e/
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're"and proteln - rioh supplemente and urea were all fed originelly es meale.

",¢Thie, however was found to be rather w&e+efu1 and uneuooeesful due to laok of

.palatablllty.‘ Consequently from 7 December 1964 kibbled maize was fed 1n
) plaoe of maize meal and Lhe gxoundnut eoya hean meal and urea (ee appropriate) :
vere: pelleted together w1th the appropriate emounts of minerals and vitamlne.‘ff
The rations contlnued to be- fed in this form untll the sheep were slaughtered
14 weeke 1eter on 16 Merch 1965 when their indivlduel weights ranged from.

70 - 100 1bso

Hay (.5 lb /head/day) wae fed untll 7 December.\ Thereafter & mixture of V

“l'";fhay and oet etraw yas: fed before finally changing to 0h0pped (% - 1“) oat

3Aetrawig,@he eheep consumed about 50 g of thie per heed/day.

Samples of all the foode were obtalned frequently and theee were Lhen :

' analJeed for copper ana erude protein (Table 66)1;;Q5A

?Teble‘66;,Ahel&eee.of~Feeae:(Mean ef;ﬁfSeﬁplee){'

" Bariéyi : Meize ~ Qats  Soye Qifmb. ‘L"ﬁééiﬁe- Hay. Straw
nQrude Proteln (7) 4 j»@{é i iéi;;.:4539f;;16;4' 16 8 5 o 1i3f

Blood eamplee were taken on four separate ocoasions during the eouzse ,<f?fff
’#fﬁof the experiment and were analysed for thelr whole blooﬂ copper concentratlone.f;

ef}The whole livers were obtained from all the sheep et s]aughter on the conclu51on:,
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of the;experimehﬁ: Thesc were weighed and subsamplea and the. suhsamples were

‘”f:drled, weighed. ground and analysed ?or their copper concanﬁra&lon.

-Egsults .

-Liveweigﬁt Gains

Table- 67 presents the mean liveweight changes of the sepaféte‘grqups together
with their cbnsumpﬁiqg of the varioﬁg fpbdé;i The~061umn:headings'aré>abbré§ia;“

h'tiéns of-fhe full ration. details given in ﬁﬁblej6§.

The sheep in GroupNVI (malae. 1ucerne and urea) weie alw&ys rather“more
‘advanced in growth than . tne other groups. Diets baged on maize vere rathex
better than those based. on barley. Substltuﬁion of one half ofztﬁe groundnut
and soya used - in Groun II by urea (Group V) dld not in the 10ng term have any
:adverse effeots on srowth. Burlng the early stages however. (up to mid December i
:before the ratlons were pelleted) those sheep given uvea ( Group V) were

f’rather poorer than all the other groupd.

Those dlets containlng 8 hlgh proporﬁlon of maiae (Gmcups II and V) had
-pmore efflciont iood converalon matlos (6 1 and 6.5) than the other £Toups.
Group I based on barley (9 5) ‘and Group III based on barley snd oats (8. 8)

were much.the poorest 1n ‘this res;cct.

'ﬁBlood Oopper Goncentration.~ The 1ndiv1dua1 and _mean- blocd ecpper conoentrationa :

 ;;@£ the 6 gloups of sheep are detailed in Table 68. Two mean values will be ?

. igiven in eaoh case, one for those sheep which got no supplementary copper andA
'the other ior those that did., Group I will be used to refer to those 5 sheep on

n{ the baael diet while Group I + Pu will refer ta the 5 supplemented sheep in »

”'Group I.
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Table 68. Individual .agld mean blood copper concenbrationg
of 12 groups of 5 sheeps

Group I . Group I + Cu.

No. \12/10/6a 18/11  25/1/65 9/3. No. 12/10/6L 18/11  25/1/65 9/
815 1.05 0.96 1.02  0.96 853 1.15 - 1.07 1.
819 0.79 1.10 0.96  1.00 85 0,62 0.91 1,10 1.
820 0,91 1,01 - - 857 1.01 0.91 0.90 O
826 1.30 1.02 = 0.99 0,91 881 1.1 1.05 1.19 1.
851 - 1.06 1.30 0.92  1.03 885 0.95 0.85 0.89 1.
Mesn 1,02 -~ 1,08 0,97 ° 0.98 | 0,97 0,93 1.03 1.
Group II- | -+ Group II + Cu,
No.  12/10/64 18/11  25/1/65 9/3. No. 12/10/64 18/11 25/1/65 9/
814, 1.39 1,01 1.00 0.86 8,3 0.69 0.91 0.92° 0.
817 0,90 1.21 .02 L1y 8,9 .17 . 0.96 0.91 0.
830 . 0.97 0.85 - 1.11 861 1,01  1.26 0.92 0.
83&, 0.90 0. 98 bad - 879 Oo 86 - 0. 97 0098 1-
lMean 1,03 1.06  1.04  1.05 0,95  1.00 0.9, O,
- Group X1 - " Group III + Cu. _

No. 12/10/6) 18/11  25/1/65 9/3.' No. 12/10/64 18/11  25/1/65 - 9/
804 117 0.87 1.01  0.92 855 1,11 1.13 0.82 1.
805 1.03 0.95 0.81  0.76 86} 0.88 1.06 1.01 0.
821 1.31 0.81 0.82  0.83 869 0.70 - 0.92 0.86 0.
1829 1.02 0.8}, 0.97 1.00 878 0.96 1.25 1.26

Meen 1,09  0.67  0.91  0.85 0.85 1.02 - 0.95 0.

Grcmé -IV.'

. : : Group LIV + Cu, ,
- No. . 12/10/6) 18/11 25/1/65 9/3. No. 12/10/64. .18/11 25/1/65 9/
806 1.25 1,10 0,99 1.02 833 - 0.91 0,77 0.87 O
809 - 1.01 1.03 1.01  0.90 845 0,96  0.72  0.96 ‘1.
818 0.96 1.39  0.88 0.9, 863 0495 0,80  .0.87 O
827 © 0492  0.97  1.01  0.92 872  0.55 0.6 0.77 0.
832 0.96 0.95 1.09 1,08 882 LIy 137 - .07 1.

Mean ~ 1.02 . - 1,09 1.00  0.97 = 0,90  0.86  0.91 0.



Teble 68. (Contd.) E 26 (a

Tndividual and mean blood aopp ex_concentrations
: of 12 groups of 5 sheep,

Gmug Vv . . Group V + Qu.’

No.. 12/10/6n 18/1k -25/1/65 9/3.~“‘ﬁo, 12/10/6, ~ 18/11  25/1 /65 fa
1801 1.0k . 0,92 0.85 . 0.86 Gk, 0,65 _ 1,03 1,30 . 0
823 0482 - Le28 - 0.86 © .0.86 852 . 1,14 - 1,02 0485 - 0
8255 1,51 . 1,31 ¢ 1,02 1,10 - 860 1,02 . - 1,11 0.91 -0
828 © 0,90 7 L0.76:7 1,02 0,93 871 0.870 .0.65 0,96 O
Mean - .04 - 1.03 0,93  0.92 0491 0.95 - 1,06 0
Gxoup VI. | o RN ~ Group VI + Cu. .
No. 12/10/6, 18/31  25/1/65 9/3. No.  12/10/6), 18/11 25)?1/55; 9
B2l 0.96 0.65 0.82 0.8 858  0.87  1.01 094 0
839. 0.97 1.00 0.85 - 0.79 865 0.87 © - 1.06 ~ 0.9 2
856 1.01 0.72 0.92. . 0.96 873 1.19 1.11 0.98 0

Meem 0,96 .~ 0,79 = 0.83  0.87 0,95 06 0.9 O
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No definite trend was found for the mean- blood copper concentrationa of either '
the supplemented or the unsupplemented gheep. The maanablood copper concentra-
'tlons of all 12 groups were always within. the range Q, 79 to 1 09 pep.m. Thg Une
supplemented sheep in Group VI had an 1nitial drop in their mean_blood oopper
concentration from 0,96 - 0;79 psDem. bub thereafter it incneased slowly until
by the end of the experiment it had reached a level of 0.87 p;p.m° despite a
dietary copper concentration of only 2.8 p.b.m. It was néﬁeithelesa generally
rather lower then all the other groups. Supplementation with 10 mg CQu per
head/ﬁay had no effect on mean.blood copper concentration. The meen values .
_of all the samples obtained :xnm fhe.unsupplémented an@_supplenented sheep -

respectively were .98 and 0.96 DeDellls

»'Liver dny weight. 1iver—copper concentration and total liver-copper content.

The 1nd1vidual end mean liver dxry ma1ters, 31VBr~copper aoncentration ’
.?and total ]iver—copper contents of the 6 groups of sheep ara presented in
S Table 69, dlvided 1nto two subngroupsaooording +0 whether they reoelved

A supplementary copper o nut. N

The mean ]1vcr dxy welbhts, oopper concenrraticns end total 1iver copper
:contentq of ‘the- group. kllled 1n1tlally and of ‘the other 12 groups are summarised

in Table 70.

-jThe six groups whlch reoemved 10 mg. of supplementary coppar per day had
mean” 3iver coppor concentrations Whlch wero significantly (but not va»tly)

“higher than. those of the comparabla groups Whlﬂh received no supplementary

-copper Mean ooncentrations were about doubled (231 of . 498 p.p.m.) However,"
flthe mean liver eopper conoentration (398.4 PeDs m.) of Group I + Gu waa not

--3:51gnificantly/



Individual and mean liver dry - welghts, copper .

Table 69.

Mo,

L 815

819
820
826
o851

Mean

B
817

830 .

831
383&

Mean

803
804

805 -

821
829

Mean

806
809
a18
827
832

‘Hean

801,

823

825
828
838

Hean

u]o(?)

l)h .
149
116
Y9
219

163

=201 .

219

188 -
198 ¢
. 139

189

153

‘149
160

25h,

174
178

226

153
149
185
234

189 -

_160 '-
232
267

171

167 -
199

-econcentrations: and total ccppor contents of 6

Group I.

16445

126~

15&9)

ATk

" Group II-

‘§196‘9

20544
Group 11X

1343
34944
28k .8

25547

- 286.2
262.1 -

Group IV

205.,2
317.3
Lh52.5
299.2
351,7

325.2

Group V

oo,
240,40,

1h1'3
303.5

Cu Conér 
(pepem,s)

1538
- 270.9

259,07
: 183 Q’Q :

Rhhé3

1h4.0 -

250.2 -

: ?roups of sheep.:

Tobal.
,u(my )

'lﬂ)b -

19.1
22.3

3[4-7 R
. 28,0

39,6
5607 X

34y

. ll»g'.'is.
. 20,0

39.8

2045
5241

- L4546

64.:9

' li'9o<‘%
L6.6

L6,
L8.5
{)7.’4-
55 cii-

82.3
60,0

. Na..

853
854
857 . .
- 881: |

885

o83
R C
861
877
879

@37

855

C 86k

869
878

633

“BL5 -

863

872,

882

T

852

860 -
871
875 .

182,

,}roup'I;%VCu;
: o Cu Conc.
DL (p) (p.p.m;)’
78 597.1
129 5143
177 . 229.6
: 172 . N 3!}16 0.7 '
Group IIn+{Cu.-
16A' C798.5
151 502.2
199 . 65045
209 403,1 -
198~ 5851
Grqun III P”Cu.
193 575.3
236 367.2
184 37h.1
159 623.3
150 533.9
185 X3
Group IV + Cu.
187 6(17.9
209 L48,9
173 509.6
153 583.5
203 - 131,0
185 516.2
Group’ V 1+ CU: . |
153 LG
163 681
237 3964
179 L96.0
1'78 S 46646
T

250,

Total =
Culmg.)

: 106.) E

66.3
406,
59,6
43 0.8 T

63.3

131.0
75.8
1374
142.4
8hoR

11442

111,0
86,7

- 68,8 -
99.1

82,2

89,6
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'1‘31)1@’:69 (continued) *

Group VI =~ = 0 : (‘rréup VI~ + Gi.

Cu Conc. - Total = = . "Cu Conc. Total

| No. “=D.'M-.(g}?_,) (p.p_.m.) Culmg.) - _‘ Now.. " Datfe(g) L(p,p_.m,)_‘ \C‘u(mg.,)“

826 193 ¢ 7 13041 25.1 .0 858 210, 56348 . 135.3
836 . 208 S 1710 ¢ 35,6 - 862 215 hhT.8 T 96,3
L8390 75 - 18641 . 32,6 . 865 - 2h6 6004 . W77
Bh2. 102100 14743+ - 30.9 870 204 - 379.8. T
856 206 . 211.6- 0 3.6 . 873 2h 503 .4 -121.3

Mean 11980 0 169,20 33.6 . 229 199,00 . 115.6

- Gréup which died
Cinitially - o

802 . 99 . - 79.5 7.9
810 - 127 @R, - 104
835 102 - 149.0 15,2
859 92 32.9 - 3.0
866 90 T 97.5 - 8.8
867 102 - 79,5 8.1
87l 81 135.7 . 11,0
876 . 100 - 103.6 - 10,4

Mean 99 . 95.0 - 9y



Table 70 - -

Group D1ed InatialJE

-1;L1ver Duy- Wt- (é; '\99
Cu. CO}.’IO.(p P 95

) '“Otal G'I.lo (mg.) M 904 B

. & L

'5fﬁn§ugglementé&'  'l; Barley

;:ﬂiveiibfy‘Wt.‘(g).?‘ 163

--Cu. Conc. (p. p.m.) 174 5”*
- Total Cu.(mg.)‘f 1 28.0

Sugpiemehted with copger-'

Idver Dxy Wt. (g) 160

2 Cue Congs(pepeme) 398.4
“Total Cu. mg.) 63'3

* Maize

205.4 "
32.8

198

585.1

14,2

Barle&
;Oata '

Cap

262.1

@166

185
494.8
89.6

Mean liver driiwei" ts co_‘er concentrationa and
: total 11ver col er. contents ‘of1:

“Maize -
Oats

189
325, 2
. 60.0-

185 .
516.2
"985

Naize . Maize . ,
Ures. Iucerhe : -

.. Urea -

“o499 98t
950.2 169.2

182 229
= 49T.4  499.0

89.0 115.6
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lsigniflcantly higher than those (262 325 2 and 2;0 2 p p.m.) of Groups III, _t
-IV and V respectively whioh reoelved 0o’ supplementary 00pper" The remalning
,_flve groups th@h recelved supplementary copper had mean copper concentrati&n;»
”1 whlch were 51gniflcantly hlgher than those of all the le unsupplemented groups.t
i Although the nesn 11ver copper concentratlons of the supplemented groupa ranged_;

.Afrom 398.4 p. p.m. for Group I (barley) to 585 l p p.m. for Group II (maize)

‘there wero no signlficant dlfferences banween any two of the gix crx'oups.~

In ths unsupplemented groups the ran o in meay: 1iver copper ooncentraTion »f

3was from 169 2 p p .- for Group VI (malze, lucerne, urea) to 325 2 p.p.m. ior ,'}

’~ffGroup IV (maize and oats) The mean 11ver coppor oonoentratlons of Group III -

- (262 1 e p.m.) and Group IV (3”5 2 p p.m ) which were ‘on & diet containing 50” o
i 'j *oams wen:e signlflcantly (P = -0, 01) hi gher then those of Groujp I (174 5 P p.m.) _ ;'13‘

xand Group VI (169 2 p p.m.) whlch were on’ dieis composed largely of harley and

T ‘“malze redpectively.« The mcan lxver-copper concentration of Group IV (m&ize and~5

:1-oqts) was also s1"nif1cant]y hipher than that of Group II ( 05 4 Do p.m‘),; S

ijhich was fed ona dlet composed mainly of maize.

‘ The mean total 11ver—coppew contents gf the six unsupplemented groups,‘f-‘ :
4 O , ..

: o ranged from 28 0 mg. for Group I (barley)/GO 0" mg. for Group IV. The e ware" |

'i,all szgnnficantly (P‘:O 001) hlgher than the mean total 1lver coPper content

- \€(9 4 mg) of those shee »hlch died at Lhe start of the experiment.\ The mean : s

~f:£ftota1 Tlver GOPpbr cannent of Group IV (60 0 ng) (malze and oats) vias -

,2'451gnifioantly (P 0 Ol) hlwher than those of Group I (28 0 g ), Grnup II

’ﬂf(39 8 mg)(maize) and, Gmoun VI ()3 6 mg)(maize, Lucerne & urea) The mesn -
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xtobal 1iver copper contents of Group 111 (46 6 mg)(barley and oats) end
“Group V’(47 6 mg)(maize ana urea) were signxf;cantly (P = O 01) hmgher than o

ﬁthat of Group I (28.0 mg)(barley)

The rénge in’ meanvtotal liverncﬁpper contentléfbfhe copper supplemented

. groups was from 6; 5 mg,-for Group I (barley) to 115.6 g for. Group VI (maize.
>"Lucerne end: urea) " The mean total 11ver copper contents of Group II (maize)

; ‘(114 2 mg.) and ‘Group VI (115.6 mg.) were. sz.gnii‘icantly higher ’c‘lsm those o;r

E Groups I III TV and'V (63,3, 89 6,: 94. and 89 0 mg. respectively) 'J'.‘he
mean tot&l llver copper contents of Groups II - VI were all algnl*lcantly

hlgher than th&u of Croup 1. |

Thé=P;qportion of‘Dietafy ?abver Stored in the Livex.

The*ﬁroportibn of the“dietéry»coppe£ df1the unsupplemented groups and the
proportion of -the additionsl dosed cbpper:which ﬁés-sfored in the livexr are

shown in Teble Tl..

The prﬁportion of dietary copper which vas gtored in the liver was |
7calculated'byuoomparing'th§3tbtél liver oéﬁpef of‘the éix groups with that of,A
the mean of tﬁose"ahéepfwhioh'&ied_at the stert of thé'experiménf.: The
Vproperfion'of fhe'doséd copper (1330 mg. &t 10 mg.cu/day) Which»was stored
wag caloulate& by compaling the supplemented group with the equivalent |

‘unsupplemented group.

For/~ff
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Table 71, Totold copper lnbaie and the pwoportioh'ef dletary and

do sod conper whxuh were stored in the Liver (meon of 5 sheaep/mrou

Group 1 1L - A w oV L
Copper Intoke _
() ) - L
COﬂGGnL?dLGu 690,9 ﬁ&l@ﬁ 9190 . HAh0LL 3701 439.2
CHay 92,8 92,8 92,8 92,8 92,8 92,8
.;traz«r eeb  17.L B 2R S A VN S

Total 798.2 593*;11. 1.02180; , 81;15‘8 Wl 520645

Unaapﬁl@m¢nbed G?uuns.

L AddibgmnaW copper stored in liver (mu)

18.6 304 37 4R 516 38,2 -2h.2
as % of Tobzl Intake

233 Bolh 364 L 611 8,00 T 4ab9

Supplemented Groups. (Potal sgpplemgnt5l330>mg Cu)

additional copper stoved in liver (mg).

B3 e A30 Bs ML 60

as % of 3upplemmntany,doged‘copper.}ﬁ‘ R _ S
2465 559 3423 0 259 23,01 6.7
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 For the unsuppleﬁented groups the mean‘storage ere of dietary copper
:ranged from 2.33% for Group I (barley) to 8. 00% fox Group v (maize and urea)
' whlle fo: the_supplemented groups the»mean.sto;age'ratefpf dosed copper ranged
from 2;S§% foﬁ Groué-iv to,6giﬂ% for Group VI.(ﬁaize, luéefne, urea). ¥or the
unsupplémented sheep tﬁe mean stoxage raﬁea of @ietary’oqpper b& Groups I
(2.3%%) and IIT (3.64%) which wers fed on diets consisting lexgely of oats
or barley were appreciably lower than those of Groups I, v and VI (b 14, 8, OO )

“and 4. 59% reapeotlvaly) which were fed dlets contninlng maize as the main. cereal.

The distinction between the storage rates §f the additionél’dosed ooﬁper
by the groups on a largely'méize diet and those on ove consisting mainly of
bafieyvor oats was not so marked but here also the two groups which stored
the dosed copper most efficiently were thosp on'a maize diet. These 2 groups
vere Gmoup IT whioh atored 5 59% and Group VI which stored 6.17% of the dosed,
»5}copner. A more detailed compamlson of liver oopper storage by sheep on malze “:§

‘ f.or barley’and oats based diets w111 be glven at the end of uhe nexu experiment.

. m.he.:r:eA\»Iza.lss 6o appérent Ilsk oi chronio ooyper tox1city on ﬁhe unsﬁpplémentedi_
‘diets. The hlghest 1nd1vidua3 liVGr copper concentratlon recorded was 452 5 i
p.m. for sheep Nb. 818 in Group IV} The hlghest liver gopper concentratlon
fourd for the supplemented Bheep was 798 5 PaPeite for sheen No., 814 in Group
17, There were no sxgns or symptoms of chronlo copper toxioity in any of the .
supplemented sheep desnlte hav1ng been glven 10 MG additlonal coppef daily for a

19 wegks. -

_ Exgérimen@/*



'TiAf1advooatod diet ¢or this purpose for use in the Uest cf Seotland. f

| ‘%é56;;'

”._’Eﬁbérimenéfll ij' The storage of Gopper in \ ‘the livers of young sheep
o ' fattened 1ntensmve1y 1ndooru on cereal based diets and

'  supplemented with a variety of forms and 1evels of protein.fJ

In this experlment orushed barley and kibbled maize were again oompared R

'as cereals sources for the 1ndoor fattening of 6-month old Blackface 1ambs. . 

_,, Lo e

':Supplementary nltrogen was provided 1n a var;ety of forms to aahieve a range

,‘ifof crude protein 1evels in the. conc@ntrates from about 9 E% (no extra protein)-f:
1¥‘ibo ahout 13 0%. The prnncipal nltrogan sources were fishmeal, groundnut and ,‘ ;

‘"'f?soya, dried Lucerne meal and ufea.?;‘:v

'yfhe éoncentfété‘mixture;‘employed were éﬁ detailed in 1ﬂbie Té ané thé
3£coﬁposition of bhe varleus protein eoncentzates were as shown 1n Table 73. i
\'Rations 1 - 4 and T supplled 12 2 - 13 G% crude protein.. Ratlons 1 and 3 g¢we -
S compar¢son between maize and barley where the pxotein upplement provlded

"5qabout equal amounts of veget ble protein (soym &nd groundnut) and non prutein iﬁl

' ﬁ-nibrogen (urea) Slmilarly ratlons Lhu_d 4.aontrasted maxze and barley but

"L:with a pratexn concentratm contalnsng a hlgher content of urea pelleted 1n

”*i»dried 1ucerne.) Ratlon ? (62% barley, EOV sug&r beet pulp and 87 f?shmeal)

:5;jpr0vided about tha same total protezn and as 1neluded aq thls is o wmdely

hatLons_l and 6 (based on barley) had lower protein levels of about 11 i%



Table 72, Compositions of Diets.

: :;57'.

Grovp i 2 3 <L 5 .6 7. e

Abbreviated o Majize . ' Haize  Barley Bavrley Barley Barley ~ Barley Barley
. \ . . . 1 . . g : O e

|
O
e

Tes T - "L T 11 1o i o T pd
- Veg Iucerne 3 Veg Lucerne -z.-Urea ugar, Beet

g -

.M
e ) 1 ore. )_,-‘ Co o . R o
. : WaQwQﬂ Urea 5 Urea - Urea ish meal . -

Amalysis of Mixmbure. .- . R .
Grude Protein & SR 3246 L 122 13.2 12,8 7 11,2 114k 13,6 - 9.5
Tewe Protein 3 0 0105 9.1 M 0 946 9.2 .

.a,mumthmwwmjm_._.wg:,n,24.\ n. _5.m1w,xu._j. _ .w .;
, ,....Q ,.. _L ,4. n.. .A;. w‘m'% ._‘ NWIW 4 M._m_on.w ,. F\..WOQ . A,N HMWOQ , _l_ .,f ﬂ I.H.,..l.
% of Total U o e . : . oo T c




Table 73.  Gomposdtion and Analysis of Pcllebed Probéin Concontrates.

D

Pellot A B v

Abbreviated & Veg L Urea - & Veg Lucerne . -
Deglgnation © & Uvea _ ' Urea
Soya 23,0 - 230
Groundmit 1230 - - 2340 | -
Hajdze 26.5 72.5 ‘ ’ 3205 h 10.0
Molasses = . . 10,0 10,0 100 1.040
Hinerals & Vits® 115 1165 S 1Le5 T 15,0
Urea 6.0 640 - 120
Tncerne - - - 530
Crudo Protein g 3940 - 23,1 25,07 506
Trie Probein & 2243 7.1 © 23T 10.9
Copper Pepeie 5840 1647 20,8 6743

* Saltl, dicaleium phosphate, caleium carbonate and

Vitomdns & and D



Gomparlson between these three ratlons and Ratlon 3 should glve ‘SOme assess-

ment of the usefulness of ureg aq 8 dietary source af nltrogen.i

A11 the rations (except No. 7) inoluded 7!5% of sugar beet pulp as a poasibl
xsafeguard aéalnst acldosis. The copper contents of the diets ranged from 6.9
(Gioup 8) t0 13,3 - 15.4 pepem. (Groups 3 and 4). Food samples were obbeined
~ for anal&éié at iegula;?intervalsfduriﬁg £hefexper1ment. The analysea of the  :‘

_concentrate pelléts:are shgwn iﬁ;Tabie 3.

The meen snelyses of the other foods werei~

Meize - Barley  Susex Beet Fishmeal
Orude Protein % - 8,8 95 9.6 . 60,6
Copper Pepoms ™ 246 6.2 155 o 17.8

A'total’of‘S“‘Black%éce 1amba (aged éﬁoﬁt 6 moﬁths):wefe~houséd on 16

'mepbemher 196), and alloo%ted at raﬂdam 1nt0 eighb groups. of 10 ox 11 eaoh. .

o A further group (No. 9) of seven comparable lembs remained ouuside and were

‘_;;allowed‘freesnravlng (10 p. m. Cu) and access o turniPS»(B 5 pepem. Cu).

All the Bambs were run, throuph a footbath, innoculabed agﬁlnst pulpy k;dney and‘"

‘ doaed agalnst fluke and other endoparasxtes.A

The housed lamba uere 1nit1a11y fed on hay alone but afner 5. days the
approPrJate concentretes (but cmlttinb sngar beet from all Tout Gmoup {) were
,Ninvrodgced to each group. The amount of hay foi: was :educed from about-%_lb.
to oﬁiy"é'iﬁ;_ﬁér head per day. = Some oat sﬁ&aﬁﬁas’éhen;offeredibuttby:lé

| Novembez.‘/



November all roughage was w;%hdlawn apart from a emall amount of chopped oat
straw, the consumption of which was conszderabl; less than 1/10 1b. per head

:"per day for the sheep in all the &roups. -

Du%mnc thls change-over period (2 -3 weake after housmng) one of the
'malze fed aheep died of acldosla and another was quite i1l. A.total of mix
of the barley fed sheep died from & similar csuse end another ten ware serlously'
ill butveventually raoqvered. NOne of the sheep in Grqup T (62%;§g;ley5,30% s
-sugar‘héet pulp and 8% fiéﬁmeel) we re afiected.; Scm§"7'é%'of sugaf beét pulp‘:
) wns 1ntroduced Lo all the dlets in‘an attempt to. alleviate . bhia severe uOldOSch
This proved to be quite successful and was retained as a constltucnh of all the
'diets throughout the remalnder of the 1eeding period (Tnble 72) iher can
howevvr bhe - no doubt that kibbied maize was a far s&fer food duflng the 5

‘changenover peried - than crushed barley.

The whole llvers of the seven sheep which died wexe retalne& and their
"mean copyer content wan taken as & meaoure of- the copper statua of all the

sheep at the start of the expariment.

“Al1 the sheep were siaughtereﬁ cn 2‘3bbruary~1966. Blbod semples anﬁ~theAv’
‘entlre 11ver3 were Obtﬂiﬂkd at alauﬂhter from all. the sheep ior-the determinas .’

5;tion of copper concentrations.

ﬁggults/’
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Results.

;gveweight Ghanqeé(

Table T4. preaents the changes in mean 1iveweight of the 8 groups of housed‘1
: sheep. As was the oase in hxpexlment 11 (a), these sheep fed maize were
marked]y superlor in growth rate and appearance tn these érOUPB fed barley.

ﬁhe maize fed sheep (Groups l and 2) reached optimal slaughter wejghts of

ZM;75 - 80 bs. ‘some" 4 or weeks in- advance of the barley fed sheep.t Groups 2

(malze bmsed) and 4 (bar1eJ b&qed) whexe non. proteln nwtroven formed about
' 2555, of the total nltrogen 1ntﬁke were not 1nfer10? ta hvoup l (maizo hased)
- and Group 3 (barley hased) where only about 16ﬁ of the Lotal nltrogcn was

supplied as nres..

'”Group 7 (bhrléy; sugar beetvaﬁdvfféhmeai) had & coﬁpaﬁébié.pfotein'1evei‘ .
to Groups 1 - 4. Whilst iniuially it wasg rathor better than Groups “and: 4
(barley baqed) this mey have been a 1etieotion of greater palatabillty end gut'»:
£ill. By the end of ﬁhe expexlment bhe 1ambs in this proup;were 3= 4. 1bg.-~

11ghter then thoqe An Groups 3 and 4. 1he protect;on aﬂalnst acldosis given

L by bhs 1ncJu51on of ;0% beet pulp vas, thGVDr, a mosb notlceably bnnef¢clol

: meature,of the ration fed to thls gronp ip“whigh the‘lqdiviﬁu&la-grew.1n=a*

wniform ménner..

e/
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The pefformance of the 1ambs in Group 8 (barley and sugar beet only) was :

fpoor.‘ thre ﬁhld wns supplemenued wmth ures (Group 3) to incresse the orude {'
3‘;;proteln 1evel from 9 5 to 11 2% rowth st not improved. HoweVer, both groupazr
. iwere very irregular in thqt some 1nd3viduals grew we11 whilst others galned -
welgnt only slowly.' In Group 6 where a protein 1ovel ofl 11 4A was aohieved =
fby Bupplementatlon w1th groununut and.. soya, 1nd1v1duwl growth Vates wexre. moze
. uniform and the ftnal mean liveweight was intermediabe between Group 8 (barley )
_ and sugar beet) and: Groups 3 and 4 (barley supplemented to about 13% erude _-l;

protein)

The sheop at grass achieved a mean. 1iveweight of 72 [} 1bs. at slaughter. '
'zTThxs was very comparhble to “the sheep in Group 8- whlch had unsupplemented

:'bsrley.i

. As in the previoub axperiment (Nb. 11(&)) sheep led malae based diats‘
" had much superio -food. conversxon ratiog (about b.)) to those fed barley at
N comparable proheln 1ntnkas (abour Te 8) . Hhere 1o protexn aupplemenh was

lulven (hroup 8) ‘the food oonversmon ratlo increased to Be2a. .

= Blpbd’and Liver-copper édnéentiaﬁiéns.f

e Tabla ?5 details thﬂ 1nd1v1dual qnd mean- conc@ntratlonq of copper in the

T »blood at slaughber and 11vers of the separate gxoups of sheep togemher _5*1;“'”h:
wﬁwith.the liver dry welghts and total leer copper contents. The mean values 5

'ff‘together with the respectivh mean total dletary copper intakes and the

' ‘nercentago/



Tzble 75 Meen and individual blood copper concentrations (p.p.m.) liver dry weishts (g)liver copper
concentrations (p.p.m.) and total liver copper contents (mg) of JO sroups of sheep.
roup. 1 2 3 L 7
Blood Liver Blcod Liver Blood Liver Blood Liver Blood Liver
Cu. [DryiCu. |[Total Cu. Dryi{Cu. |[Total Cu. DryiCu. Total i Cu. Dry Cu. Total Cu. DryiCu. Total
._| ConcdWh. |Cone. | Cu. [No. | Cone.dTt. |Cone. | Cu. Wo. | Cone.iit, iConc. | Cu. iNo. '@ Cone./Wt. [Conc.  Cu. [No. ! Cone.Wt. (Cone. | Cu.
0.86 {157 {1,83.8| 76.0|71 | 1.20}285|564.3]160.8 810.76131[453.2| 5%.41 77 1.01 {178 80%L.1 138.3; 3 | 0.87 {1170 i714.6 121.5
721150 {423.2 mwom 72 | 1.04:17148T.L | 83.31 18 | 0.85 {16k |L13.9| 67.9 821 0.90 161 (350.1: 5641 7 | 0.8211711392.6 67.1
0.85 181 mmm.b 120.61(7, | L.I0115T71497.21 78.01 55 | 0.85 {178 641.7|11%.2F 89 0.60 (148 mwmomm 97.0112 | 0.90 185 #woom_ 76.0
1.00{1701357.5 | 60.8180 | 0.98!150{449.8| 67.5] 67 | 0.76 {180 499.6| 89.9 wmw 1.16 (155 L The8 | T3.6122 ; 1.00i{222 [264.6: 58.7
1.011126171C.6| 89.51856 | 0.901236{469.3]110.8] 69 | 0.83 {231 8,9.71196.31105: 0.89 182 50Le3 1 T3.5[33 | 1.101151 519.6: 78.5
0.80 {156 {530.9¢ 82.8[96 | 0.86:1541407.2] 62.7! 79 | 0.80 117G 490,01 83431106 0.80 169 |£50.1: 75.9136 | 0.85 163 |692.7 i112.9
0.99 {173 13156.7 ! 60.0{97 | 0.86 14,2:839.6(119.2{101 | 0.89 157 [713.8|112.2 HHMW 0.89 (178 [4L08.8 | 72.814T | 0.751181 i210.51 38.1
1.2), (2181386,.8 84.31103 1 0.90:i219:622.9 113644 {110 | 1.1} 140 |319.2| 14.7 HHmM .90 135 64531 87.1150  0.85128 i225.56 28.9
1.04 1343i389.C | 558110k | 0.85:118 3154 | 40.8124 | 0.85 155 383.0 | 59.4 119 | 0.89 (149 Pﬁooww T70.1157 m 0.851191 413.9] 79.1
0.9811731519.1 | 89.8(122 | 0.77 {167 :829.8 {138.6|129 | 0.65 (16 |586.L | 96.2 Hmww 0.86 113} 713.5: 95.6 60 | 0«96 (170 192.1 ] 32.7
110495165 [481.5 | T8e3 0.95 Hmammmwow 99.8 0.84 1167 |535.1| 92,3} . 0.88 1158 mw&.ﬂm 840 0.90 {171 403.7| 594
cup 5 6 8 9 Died Initially.
0.79 {219 [328.4 | 71.9] 111.05/150/228.8{ 34.3] 4 |0.891171380.5| 65.1] 18] 0.77168] 14.2| 2.4110 | | 70 [ 56.81 1.0
0.9L 1142133%.2] £,8.2] 5 [0.76i2831320.4 | 90.7) 13 |1.09/136:280.2} 38.1} 88| 0.561184 | 18.4 | 3.4016 921 70.9! 6.5
087 11691295.5 ! £9.9f 24 | 1.04:1331363.7 | 48.41 19 | 1.05 1194 1309.2 ! 60.0f 94| 0.66{127 | 19.8| 2.5!17 127 | 22.7 2.9
1.25 177 i417.5 | 73.9; 28 0.86 1145 220.4 | 32,01 30 | 1.08 {1651278.5: 46,0100 0.701153 12.7! 1.9{32 951 8l.1: 7.7
11.11 1152 501.7 | 76.31 31 {0.95 Hmm,mmm.w 37.67 38 1 0.91 148 (10T7.6 ] 29.2/10T! 0«67 (1341 2Le2| 3.2{37 109 | 62,11 6.8
0.75194 1218.3 | 42.4] £5 | 0.9512411240.6 33.9¢ 41 | 0.971162:395.4 | 64.11120| G.75{146| 52.1| T.6|i4 1031 3341 3.4
wm.wm 150 {26561 | 39.8] 46 | 0.86 154 12L5.9 | 37.9] £2 1 0.95 /174 318.7 | 55.5(130| 0.761113| 15.0 | 1.T1114 831 9,.0; 7.8
2,03 (127 35448 | 45.1] 49 | 0,86 /190 4111 78.7) £3 | 0.95 163 [152,3| 21.8
ﬁmoomm 16613L0.1} 55.9 0.80 170 |275.9 | 4T7.8 0.99 16}, |28%.1 LT9 CeTC 146 mmoww 3.2 97 | 6011 S.6
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peréentage of the dietary copper which was storved in the liver (by cOmparisoﬁ;;
with the mean value. for those ﬁhibh"died initially) are furﬁhei summariséd;

in Table 76.

rThe mean blood copper concentrafiqg (0.7Q_p.p.m.):of the sheep at gigss
_Qas much lower {than those‘of the 8 groups of 5oused,sheep. Thésé:differancés
ﬁera very highly significant‘at‘Pé?0.0ﬁl for all thevhﬁused groups‘except -
Groﬁ§ 3 when it was Significant at PO, 02.  ”he mean olood copper concbntra-
tlons of the housed sheeb ranged from Q. 84 p.p.m. for Gmoup 3 30 0.99 Dpepeite
‘,for Groups 5 and 8. The meexn. b]ood copper aanccnbrablon of Group 8 (borley
onlv) was signliﬁoantly (Pc:O 01) higher than that of Group 3 (varley, & ; vege
j*-v.x:rrea.), which Oddlj ennugh had the hlghest dletary concenbration of CODDET
There wexre no other ﬁlgn_ficant dxmfevencus in mpan blood 00pper concentratxoné

anong the 8 groups of housed sheep.

The mean liver copper ooncentrations af.all eight groups of~housed sheep:

vere highly signxficantly (?4:0.0001) greater ‘than the mean.liver oopper

eoncentratlons of the group at grass and of those sheep which dled inltlally.b
The mean 1iv¢r coppe concentrations of Groups I - 4 thoh were fed eitherx
maize - or barlay thh a protein pellet baaed on either soya, groundnut and ureaf_'
or lucerne and uree and whlchrhadva copper concentration 1n»their diet renging -
from 10.4 = 13}4 PePelle ﬁere_all significantly higher than tﬁdse of Groups 5,s6‘
and 8 which were fed barley based diéts with copper coﬁceﬁtrations ranging

from/'
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Wi*;,Tghie:ZS.:'QMhan 1iver dry welghts, liver copper concentrationa, total
-7 "7 liver copper contents and the proportion of- diq_ggy oopper
L stored in: the livar by lo,groups of aheap. '
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]from 6i9 —:é”f“p'p.m. This Aifférehﬁé\iﬁ li&erAcopper coﬁcentration waé
":purelv 8 refleoulon of the dlfference 1n the coppef conoentrmtion of the ;l
ciets. Group 7 whlch was fed N diet of barley, sug&a beet pulp and. fi hméal
(with & coppor ooncentratton of 9 9 p p.m. had e mean: 11vor copper coneentra‘-r
tion (d05 T e p.m.) which was’ nei$h9r~81gn;fioanﬁly hlgher than uhoge of

Groups 5, 6 and 8 ndﬁ:significantly‘less‘than5thoae.of Groups 1 - 4. ..

.’The.meén livexr copper concenfmatidn‘of the-groﬁp af arags (22.3_pf§;m.1”
‘wag qignifican£ly (P<ib‘01) less then that of the mean of those sheep which
id;ed initially (60.1 p.p.m.) This vas possibly due &s muoch to & growth in liver
'axze as to an’ acfual deplatlon of Iivev nopper gtores. waover. it does o
indicate that - there was ;nsuffmclent oopper in the grages and turmips to

malntaln the initial llver»00pper concentratign.»

Tig. 23 shows the relationship betwaen the total-in@aké of copper by %hef_
.eight groups of housed éheep aﬁd their resPéctive toﬁal iiverwcbﬁper contents.:u‘
ﬁ%e mean total liver.coppar contents of all the housed groupé ware significantlyu
(p <;0.001)“greater than thbse of the group’at gfass and of the group killed
initiﬂllyﬂ »As for the 11ver -cOpper GOﬂCbntTQthH the mean total liver copper
contents of Groups 1 - 4 were all 51gnificantly (P<0.02) greater then those

of Groups 5, 6 and 8 but not;slgnlilcantlv greater than that oi-Grouv T whioh

jn tuﬁn wag nob 51gn1flcantly hlghor then the mean liver copper contents of

Groups 5, 6 and 8.

The/
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Pig 23, | Relationship between the total copper intake over 20 weeks

and the total amount of dopper in the liver of sheep.

Total liver Cu. {mg.'“

100 . - _ e Group 2
e Group 3
290 T
® Group 4

80 L

70. L

60 -

50 r

e Group 6
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) 1 ) _ ! 1 :

- 800 1000 1200 1400 1600 1800

Total copper intake (mg) over 20 weeks.



A.?'Tﬁe mean total 1iver~copper GOntent of the group at grass (5.;4 mg.)_.j;igfg
:-was not qulte sxgniflcantly 1esa than that of the group whleh died initlally
i:;(5 59 mg.) desplte the fact that thare was a. sxgniflcant difference in their -
".-1iverncopper ooncpntratlona. waever, the dlfference (2 35 mg.) was almost .~1.i
',51gnifioant ag the ?east dlff@renee raquixed for signjflcance &t Po= 0 05 waé'

2,40 ng.

.?roﬁoi%ion‘of Dietar#'GQpper‘Stored in,theiLiver;’__

The peroentages of ‘the diatafy copper whieh were : stared 1n Lhe llvers of '

" the eight groups of housed aheep are dehallsd in Jable. 76 ”he mean proportion ;-

-.of the dietary copper whlch was found in the liver Ddditinnal to the mean of e
_vbhe group Uthh dled initlally rangnd from 4 70% for Group 6 to- 7 ]57 for Grcup‘

2%

-uroup 2 whlch was fed a r&thﬂ.Of maize. luoerne and ures with a copper
‘ooncenfratlon of 10.4 pepeme stored a higher pxoporflon of its dietary aopper
-¢ntake uhan any of the other seven grQups. Th;s can be«ﬁeen,from~ﬂ;g.423 whluh
shows a-more or 1ess-11near re]atlonshlp betw;en'tétal'bopper‘intaké énd total
411ver;00ppar contenb for u]l groups other than Group, 24 Grbﬁp'Q'hds in fact.
:stored &bout 25 mna more GOpper than uould have baan anblclpmtad hed it shown i

31m11ar trend to. tha% exhlbited by the other seven groups.~=~

| A]thoumh the. copper uonecntratioﬁs of.the dietu in thié prosent Pyperiment.?-
(6 9 - 13 4 ps p.m.) vere very muoh higher than those (2 8 - 6 0 Do p.m.) in the
'81m11ar experiment (Nb. 11 (a)) csrsied out durlng the preoedang wlnter more_:y-
than 70 par oent of tthe housed sheep still had llverncopper coneentratlons |

below/
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bélow 500 p;p.m;i Only eight sheep (éut of 75) had 1iverthppe?-boﬁcentra%iona~
over.700 p,p;mnythe’highesﬁ~of.§hésé-being;849}7 p;p.m.ﬁfo? sheep No. 69 in
Gfoup\3°i«éh959.ooncentratibns'are approaching the ﬁentative danger level of
over 1000 Do p.m. Cu but none of the sheep exhibited any gymptoms of chronic
ooPPer tox1clby It can be assumed “therefore, that although dietary copper
concontrations of up to 13. 4 De p.m. will markedly increase liver copper
. conoenuratlons they are unlikely to elevate tham to . potentially dangercus
"1eVelsuwlth¢n_a period of 5 - 6 months which is the maximum length of time

during which such stock would be housed,
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Discussion. -

The ‘resulbs of Experiments. 11(&) and 11(b) appeared o 1ndicatc that the 'o
.sheop which were fed diets composed 1arge1y of maize stored a greater pfoportlon
‘of the dietary copper{than‘$hoaerwh1oh:weze fedfqnvbarloyhbased dxeto, Qver the;

’ *tWo'expérimonts\the moan aﬁouﬁf.of the dietary coopor which-woo‘storeé by thejx

maize;fed sﬁeep Qaa 5;40%5 Thig oomparés with‘a,moon storage rate of 4.28%

for the hafley;fed sheeo;v Al%hough this difference in the amoﬁnf of dietary

~ooppor‘storéd by those two groups of sheep was not significent it does refleot

a oconstant trend.

Tig. 24 shows the relationéhip between the dletary copper concentration
and the total smounts of copper in the 1iverg:of the sheep on the maize end
bafleyvbased diets. This éubstantiates the difference in the ability of‘the
éheep'on the meize end barley diets to store the avaeilable copper ag it oleérly"
ohows that et any giveo dietary copper ooneentrationvthe amount of copper storod
in théﬁlivers of maize fed gheep is'aiways greater than th&t otored by sheep‘-

on a barley wation.

Regression coefficients were calculated for increasing totel liver copper
coﬂﬁeﬁt with increesing dietary copper concentration for both the maize and barley.
fed sheep. .These wore both found to be highly significent (P<.0.01) thus indica~
ting that there was & dlroct relationship behween total liver-copper content
and dletary copper concentration lrrespeotLve of the nature of the diet.

The regfeﬂﬁxon equations wares

Maize Fed Sheep

X = 17.68 + 6.779 y (t = ).50) X
(K = total llvor Cu (mg.); y = dletary copper concentration (p. p.m.)
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Fig 24. - Relationship between . the dietary copper concentration znd

the total amount. of copper in the liver of maize and barley-

fed sheep:~.

Total liver Cu. mg.

110 7

90 - | -

50 F
-‘;3‘.0 R
/

- Dietary copper concentration., - ppm.



| 7Barlez,red Shaep

X = -2 66 +. 6 819y ( 7.46)
Values for y were’ subst;tuted in these equatlons and regressiou llnes

',have been su@ellmpossd on Pig. 24+ .

‘. _‘Z'ggaéésmerié of the risk of ohwonic copper toxteity developing Ain housed_shoep:
Yiﬁufihg?fhe‘courSSIOf élght éxﬁefimeﬁ£§ désori£ea>1n this méotion & totéi‘
‘ of 940 sheep had been houqed and fed rabions ranglng in éopper concentration B
Ifrom 2,8 bo 21 0 p. Dalle for perlods of 16 = 20 weeks.; Table 17 presents the f'
_—range in copper couoenbrauion of ‘the. ratlons, Lhe “total- nnmber of housed sheep
v‘ln each experimcnt and the dlSur&butlﬂn oi ﬁhe 11ver—eopper conoentrations ‘

E of the sheep. o

r"hus out of 540 sheep whlch had heen housed foxr. periads of up to 7 months |
T271 or 79. T% had 1liver coppar concenﬁrmtions below 5OO De p.m. A further 55 |

' .sheep (16 a%) had 1ivér copper ooncentrations in Lhe range. 500 ~ 1000. p. p.m.%

. and only 14 sheep (4.1/) had copper conoentxatlons in' the iivem of over 1000

P p.m.

In. only Oﬂe exnerlment (Noo 9 (A)) dld the maaorlty af the houbed sheep
have 11ver copper concentratlons of over 500 DeDelle and in uhzs sqme exneriment !
. one thlrd of bhe hou ed sheep had 1iver copper conoentlatlons of over 1000 '
p p;ma 1”he sheep in ﬁxper;ment 9. (a) were mizch younger than those in the
¥other experimentn described in thms section and they were 1ntroduced to the

¢ co ;}cen_tra‘be/ .
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‘Ieble 77. - Distribution of liver-copper concentrstion in housed sheep. -
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concentrate ratlons almost Prom birth. It seems probable ‘that, young 1ambs

of thls age have an enhanoed ability to ‘store copper in thelr 11vers and w111,_
Lherefore, be more susoeptlble to copper p01soning. Aparb from this effect
o? agd’ bhe_ymotemnteontenﬁ of ‘the ratlon also 1n§1uences thg_propOrtign of

the dletazy copper wﬁ;dh.id stored in the liver in thab the higher the
pfétein'don%ent’the smaller is the proportion of thé-cbﬁﬁeflihtéke stéred and
also the less suscepiible afe the sheep.to chronic copper pbisonihg?(Seé

Experiments 7 and 9(e)).

I+ was declded to lnvestlgabe the relatlonshap between the totel daily
intake of’ copper over an 18 waek period and the 11ver~copper concentratlon of
, the hou sed sheep atb slaughter This was: undertaken 1n owder to determlne thej.,
length of time it would take to attain llvev-gopper concentratlons of over |
1000 p.p.m. on any given 1ntake of oopper. ’The sheep 1n;Experiment 9(&) have
. been exc;udéd from this caloulation as they were much yhungér>than those in
' the other experiments and also bécause ﬁhey stored a muoh 1arger propoxrtion
1 of their dletary gopper and were ey & 00nseqvenoe abyploal._ %able 78»aetailé
.the copper eoncentratlons ia the dwets and uotal dally copper intake of the
“'housed sheep in Experlments ?, Ba, Bb 9%, 11& and 11b._ Iﬁgalso pregents .\‘-

-their liver-copper ogncentratlons”and ﬁotal copper contents.

Table/ -
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A regr6351on equation was calculated for the 1ncrease in 11ver«copper SR
ioonoentratlon related to the daily intake of oopper. Thia waa found to be

highly signiflcant (P:LO 001) thus 1ndioating that the liver-oopper conoentra—f*

‘ -tlon Wes. dependent on the oopper intake of the 1nd1vidua1 sheep. Fig. 25

111ustrate$ bhe relationship between the daily” copper intaka and bhe liver
oopper concentratlon.~ The regression equetlon wags

L09 34+ 2) 54y (b 4 476) |
Where X = 11ver oopper concentlatxon (p p.m.), y = moan total dally copperg‘-v -

;. intake (mg.) over an 18
week ‘period,

:'.By substjfuting ;alueé'for j*in"tﬁe rggression equafién a regression lihe'“’
hag been superlmposed on Fi .‘25f n.he iﬁteiéept on fhe y exis (109 p'p.m.)
"ruflecus the 1nitia1 11ver oopper concantratLon of tha mheep before the
commencement of Eeedlng of the exper¢menta1 ratlons. Thlﬂ compares vemy‘well '
with the Vhlue of 109.6 p p m. for the mean of 2{ sheep whlch.wore kl]led or
'dled ot the commencement of’ Bxperlments 7, 9(b), 11 (a) and 11 (b) . Bxtra- .

’ 1llustrated -in Fig. '25) indicates that llver—copper concentrations
polablon of thla regr9331on line (as/bf over. 1000 p p.m. would be attalned only
by feedlng a dlet contalnlng at 1easb 3? mg.Cu/day fov thls period of 18 weeka. :f
Gonversely 1¢ver»ccpper ooncentrailons of “over” 1000 De p.m.-would “be re&ohed |

by feedlng a diet providing a dally 1nbake of 16 7 mg. Cu for a period of 36

‘weeks.

waéVGr/ -



+ Fig 25, . Relationship between the daily copper intaké of housed

sheep and their mean liver copper concentrations.
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However, the fact that fhe.liver-copper oonoentratlon of a sheep exceedo
1000 e p.m. does not mean that 1t will automatically die of copper pomsoning
_within a short period. A review of the 1iterature on chronio copper. polsoning '
in‘shéep ieveals that only very few sheep die of copper toxlolty h&ving llvera :
copper coﬁdentrationa which-éﬁe‘just slightlf in.exceSS of 1000 ﬁ.p.m; Moxe |
frequently valuéa exceeding_1500 P.P.M. have been reeofded with occasionally
much higher concentrations of from 6000 - 8000 Pepem. Table 79 summarises
the 1iver-copper concéﬁtrations_of gheep whioch died from cqppef poisoniﬂg both

duriﬁg the present work and also those recorded by other workers.

The range in liver-copper concentration féund for the sheep whioh died
frém copper poisoning during the preséntAwork was from 1224 - 6530 pepei
This cbmpare& with a r&ngevof 1000 ~ 8140 pe.p.m. recorded by other workérs.
Of all the sheep which died of copper poisoning 79.2% had liver copper

concentrations in excess of 1500 pepem.

In Bxperiment 9(&)'fourteen shoeep had liver copver concentrations. renging
from 1092 to 2185 p.p.m. None of these, however, exhibited any of the symptoms:
of chroﬁic coppér {oxicity and all had acceptable carcases at slaughter.

Iiver copper levels of thls magnltude, although.potentlally toxic, can, therg=
fore, evidently occur without manlfest signs of Lox1city. Ten of thege_fourteen’

sheep in preriment 9(&) had‘llver copper conoentraﬁlons below 1500 PePelle

Despite/



280, - .

i T&Ble 120

Liver copper ooncentrations (p.peme) of sheep which
__Gied from coppex.poisoning, '

Prgs;ent-- Wbrk.- e o . Othex Workers,
6530 S 1078) ? B 1300 = 2600 (6)~-(Gracéy & Todd, 1960).
= ; (Muth, 1952) » : . e
530 1340) | * 2866 (2) (Barden & Robertson, 1962)
3150 1900 (Clegs, 1956)s  1100°= 1500[(2) '

L

ES TR 17 ) N 1500 = 2250((7) -
4718 1400 |[(Pearson, 1956) 2250 -«  3000{(2): (Todd et al., 1962).
K259 1900 |- |  »30004(2) o

4689 oo} o 3%0
3930, 7 1100 o 136
2310 . 1400 [(Bracewell, 1958) . 20| - - (Cuilbride, 1963)

1558 cooasf - o 0z
92, - 21007 . | ERRR 113
i3 1600 | - ?f 1678
| 1362

23  2500|

260 |(gupver of al., o
122, 1580 1958). & 100]

21,25 :
(ROBS, 196h)o

B

2965 . 19855 . . 200 o
305 . -, 10| " o140 . (Howard, 1965).

6323 . 1000/ .. - - | 1670 (Bill & Williams, 1965)e
. : (Bermyn=Jones, 1960) ' -
2480 2100 , i

“ 388 1600
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Desplte the hlﬂﬁ liver. copper concentr&tlons found in Experimenﬁ 9(&)
it ig- unlikely that any SGrlous problem would he encountered from ohronlc
K coppen poisonlng in this type of young stock as bhey are normally Ped these o
_1ntensive pations for only 10 - 12 wegksfprlor_to belngwslaughtered. Somewhat
,"oldéﬁ 1aﬁbs'which-take‘longer.(4 -6 mbnths) toifﬁtten appear'té e less
hliable to build up toxic amounts of copper in the liver as they sbore only‘
abovt 3% of their dletary copper 1ntaken Ghronlo copper p01sonin& is unllkely
“to be a serlous problem with-thls type of stcck as long as they ave fed dlets
with normal copper concnntratnons..-In7th9'experiments deséribed in this
_sectlon only 7 95 of thig: type of sheep had more than 500. p p m, Cu in the 1iver_

‘W'and nons of these exceeded 900 p.paiis Cu.

Pregnant oves mey be housed for scmerﬁ‘weeké before 1aﬁbingiaﬁd fox a
f‘furvher 4 weecks after parturition. 00pp@¥ stores in the liver are unlikély
o approaeh toxic 1eve1 during “this perlod and any stores that are built up
;will be depleted. when the. awes are turned out to arass (See prariment 4).

A largo proportion of the dieu fed to houued ewes may'con31st of hay ox silage

“‘ whloh normally have copper conoentratlons in the rang e 5 - 10 p p.m, 'mhls

‘ »level of dlet@ry oopper would not . lend 1tself to the build up of elevated
: 1evels in the 11ver and thus the rlsk of ChIOHlC copper p01aon1ng on such a

. reglme would be mlnlmala

liwe/
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Ewe hoggs which are beang overw1ntered 1ndoors may be housed for perlodu ﬁa
*.~of up to six months. They are, however,_fed only the mlnlmum amount of food that
‘:15 consistent thh keeplng them 1n good health and giv1ng a 11vewe1ght increasef‘

ﬂof around 2 lbs. - per month.\‘The foods fed (e e hay and oats with a llttle'k;«;

o protein concentrates) are generally low in c0pper perhaps ranging from 3 - 8

D p.m. Thus the develoyment of ohronlo copper toxloity 1n sheep under thls_.#i
b_tvpe of husbandry 15 hlghly improbable for two.reasons; fxrstly because the :ij

dietary 00pper concentrstlon ig 1ow and secondly because of the small total

» 1ntake of - food. The results of Expariment 7 1ndlcated that there mlght even be;G
-f a depletlon in 1iver copper content in such sheep when fed’ on a dleﬁ of h@y |

and oats.:"

The results of the Experlments (7 - ll (b)) deacrlbed in thls sectlon o

- domonstrate that the only real rlsh of chronic oopper p01soning in .housed sheep ‘

arlses when very young 1ambs are being intensively fattened on hlghly
»concentrated diets. “In -such elrcumstances the risk can be feduccd by - increasiﬁg
~bhe proteln oontent~of the diet an& also by hav1ng the fatbenlng perlod as”
ghorb as p0531ble. Other classes of sheep mlght huve some 1nc£ease in livor— ?
- copper coneentrablon durlmg bhe perlod of hous1ng but these are unlikgly to be

malntalned when they are returned ﬁo noxe natural lcgimes outdoors.
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Sec tion V

l 1) .i_'rcc:pper Ezécret%:ién

- as affectedby | 3 , | .‘
\'a)ﬂ Dietaryintake ofoopper a:ndcoppersupplementation. |
b)Intra.venouBinj ect.wn of vam cfug heavy metalchelatme, agents.

"_6) Chronic'copper toxicity.

II) Blochemlcal Ohargges in the Blood of- Shegp dur:.ng the Development of

. Copper Tg city.
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Mbst of the work whieh hae been publlBhed with regard to the exoretlon *}f‘=

1é>of oopper has been done in the field of human medlcine partlcularly in fi“fﬁ‘:

:yoonneotlon with wlleon e Diseaee., Patients sufferlng from thls diseaee store

f*the brein and liver. These deposlt

- exceesxve amounte of eopper in the tlesuee
.iof copper in.the liver oauee eevere hep&to-lentloular degeneration. A eimllar yj

‘?deposition eﬂd aooumulation of copper w1th hepato-lentiouler degeneratlon

;‘f7¥hoan ooour in the 1ivere of eheep whlch are fed diete w;th a high copper

:ﬂjjoontent, !

In human medlelne verlous methode ere ueed in the treatment of this ?35i'

‘ 1dieeeee. Potassium sulphlde mey be given orally 1n an. attempt to reduoe the

- a;‘¢=abeorption of copper from the gut. Low copper dlete ere fed to reduoe the

E copPer inteke to the mlnlmum level and the 1ntravenous administratlon of 3?:'
"varloue druge whlch 1noreeee urlnery exoretion of copper 15 another form of
*_qtherapy employed. The nein drugs ueed ere ca101um diuodlum ethylenedlemlne fr
vpftetra acetlc ecld (EDTA) and pen10111am1ne.A Theee have been ueed with a fair
‘imeasure of succese. The etruoturel formulee of these two ohelating agents

‘*fJare represeited heree—

BDTA  (Disodivm sa}t) . renicillsmine .

Ne0OC CH, o . 0 . - CHQ00Na .. . oeH, H.C

Ny T 'e;if’-,v 11‘:*;“' :

SN f-”)/::__ R -}F : "»TA :

coo —— . T T _ooe.

Comme/
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Little or no work has been publiahed wlth regard to the eifect of dletary
00pper 1ntake on the level of copper excretlon 1n the urine of sheep. It
was felt that this should be investigated and also that the .effect of intravenoue
1naeotions of various drugs on urinary copper exoretion should be studied.
It was hoped that one of these chelating agents might prove usefu] in the
t;eatment of sheep suffering from ohronchqopper tox10991s.u This forms the -

bésié of the work desoribed in the ﬁresent'Seqtion.-'

HQWeﬁer, before any'experlments were con&ucted on urlnary copper exoretlon
it was dcemed essentlal to diseover whether accidental contamlnation of urine
with’ faeces or other‘extraneous substances would materlally alter ita.oopper
'concentratlon. A small trlal was performed to examine thls and it is desoribed

here before entering into 8 descrlptlon of the main work of thla section,

The Effect of faecal contamination of urine on ifé céppar oonaentration;-

All’the aheep-pgéd in the experiments desoribed in*%his seoﬁion were kept
;n metabblism cages for some time prip?_tdAand dur;ng~the period of ocollection
of ufinary andvfaecal‘samples. One -of theée oaéea'whioh were constructed to
the design of Duﬁﬁie (19%9) is illustrated in Fig. 26, The urine runs through
the seive part of the~separator and is colleoted‘in a polythehe oonfainer while.
the f{aeces dbés nét-pasé through‘fhe sieve but is collected-in a separate
container at the forward enévof fhe-separétor. The shuteiand geparator are

mede/
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fix. 26. gypg of Betaboligg oa>w uaed for ebe#ip in Erperimanta 12-16.



B

‘u._:made of stalnless steel as .are, the mesh floorlng and any other parts which may -

.5‘:ccme in contant with the faecea or urane. Wblded to the end of the shute 1s

a toothed pieoe of atalnless steel whioh 1s aet to direct the urine on to the

top eet of holes and the flrst ¥ of the separator. '

‘Uﬁless fhesevseparators are kept scrupulougly clean and free irom wool andg
:'féod partloles there is a tendenoy for the faeoes to become stuok to them.
.;Gonaequently when thia occurs any urlne exoreted has to pass through faeces
'Jbefope‘it ‘gan be collgoted. Ooeasionally also a small amount of faeoes may
T fell 1nto the urine contaaner. It was deoided, therefore,,to determine whether{
'thls type of oontaot with faeces would matarially effect the copper concentratlén

of urine.

To thls end four Sheep were put into metabolzsm cages and urine. samples

@F-ﬁere collected- Great care: was taken to ensure. that no contamxnablon of the

'fa:Two of the sheep ware then glven 5 d313y doses of 1 g CuSO

jsamples ocourred.v faeoea samples were also oollected from the aame 9heep.

4.5H 0 and further

callectlonsof urlne and faeces wera made." Thls was done to dlscover-if»there

}A'

:"_would be any. increase. in’ contamlnation due to 8 higher oopper ooncentration

nlnxthe faecns.f

‘prper was determined on 1) unbbnfaminatéd urine 2)A25'm1.isamp1e§ of 200
ml.'of urine which had been Tun once over é-séparator containing 25 g. faeces

3)/
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: 3) urane whlch had been run 4 times through 25 g. faeces and 4) urlne whioh

- had been left 1n contact with elther a small or g 1arge amount of faeces for

several hours. Ehis 1evel of contamlnation is nuch worse than would be normally
Aencountered but 1t should serve to 1llustrate the seriousness of any such

{oontamiﬂatlon.j'

- The copper concentrations of unconiamlnated and oontaminated samplea of

iﬁ@urxne from.? sheep both prior to and after. recelv1ng 5 doses of 1 g CuSO 5H 0

“‘fare 1isted in Table ao.,_ﬂ7

: ;_ﬂ ble § Cu ooncentration (ug/lOO ml) of urine before and after contaot with

-f_ faeces.

‘~i.Sheep Nb. Uhcontaminated 200 ml Sample 200 ml., . Sampla Sample after logg ,
o - Semple - - run 1' X over " run.4 x over | oontact with faeoes -
: - 25 g faeces - - 25 g facces - L i .

: ~i?‘.éqf;w w;:3‘44€5ffT':s ‘;f:}§i30ﬂ- T 14}"57.0« ﬂ-";-:sz.q,'_[
1Y ;}‘ﬁ”i»a64g09:f o -“7igo;.‘. T L -65.0

'After reoelv1ng g GuSOA.)H 0

. fBQf;““ 120 0. '_n_1¢ 126.0 130000 136.0
3 toeno %20 1012 . 108.0°

‘ The copper concentratlons of urxne samples from a further 2 sheep are
:7listed in Table 81. One of those, Nb. 16 had been fed on a diet of" hay and”f

vaooncentratea wlth no supplementary copper whereas the other, No. 34, was fed

4

‘"bamples were tahen frOm both sheep on 2 suoccssiVe days.

*a sxmllar ration but had baen getting 5 g CuSD .)HQO per week for 19 weeka.‘-

e/ G
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Teble 81 Cu Concentration (ug/100 ml) of urine begorerand‘after gontact with

faecces.
-.Sheep,No. Uncontaminated - Sample run 1 X Semple after long gontact
Semple - through 30 g, faeces.  with faeces (50 g. in 75 m1)
16 23.0 . 22,5 72.5
25.0 : 26.0 . 4.5
34 94.0 225.0 320.0

101.5 . 157.5 220,0

"From the results presented in Qﬁbles 80 and 81 it is olear that eny form
df'cbﬁtact with faeces iﬁ;reases the’cbpper"conbentrationlof u?ine.%-Fér ahéeﬁl
Nos, 30 and 31 the increase in Eopﬁer‘concentratién waf in the order of 12 -\14%
for sgmples which had been run once thrdugh-QS g faeoes., H@wever, when tﬁeir :

" urinary copper concentration was increased after having reoceived five 1 g. doses
of CuSOé,SHéO the percentage inorease iﬁ concentration due to faeoal contaming=-
tion was .in the order of only 5 = 6%. " ¥hen the urines from thése two sheep |
were run four times thréugh 25 g. faecop the coppex concentration was in allu :

cages higher than whea it hed been run through‘only'once. The increasme in

concentration was in the range 3 - 114%.

For three of the four sheep the greatest amownt of contamination occurred
when the urine was left in contact with facces for seversl hours. The increases.
in urinary copper concentration, compared with the unconteminated samples,

ranged/
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:“ranged from}13 - 3%%. There was no increase whatsoever in‘the urinary copper J:“

‘Econcentratlon of sheep Nb.,}l after standlng for 6‘hour .in contact w1th 2 g. =

-
Fal

N Thare was 11tt1e appreoiable 1narease (I%) in the urlnary oopper concentra-g;
'tion of sheep "No. 16 after 75 ml. had been run once through 30 g.gfaeces.
.nThere was. however, 8 ma“ked 1ncrease (up to 20&%) when the urine (75 ml)

_@.W&B lexb ;or several hours almost saturated with faeces ()0 g) On uhe other

"f;fhand there were large 1ncreases (50 and 1007) in the urlnary copper concentra—gj

tion of sheep No. 34 after it had run once through 30 g. faeoes. Vhen left P
oontact wlth faeces for sevexﬁﬂ hours the 1ncreases in the urinary oopper

concentratlon of sheep No..34 were 1n the order of 100 and 225%.» The differ@nce .

'f*ln the degree of oontaminatlon found between the 75 ml. aamples of the urines

'of sheep Nbs. 16 and 34 after they had been Tun - onoe through 30 g. faeeps oan

"\‘be explalned by the dlffcrence between their faecal copper ooncentratlons. The-%

vfaecal coPper coneentratlon of sheep Nb. 16 was 11.7 p p.m. while that of sheep

’ No.® 34 uas 361 Do p.m.

Althoagh these trials were designed t0 ahow the,31tuatlon ‘at its worst
fthey nonebheless demonstrate the neoe351ty of ensuring that any. collectzons

'iof umine, made for nopper analyses, be kept free from any form of contact with ‘
faeces.‘ ”hls ia esp901ally true of any*prolonged form of contdct 80 great .
care must he taken in plaolng uhe receptlcles for urine collectlon in such a

way that no faecea is- allowed to fall inio them.-

o



In the 1ight of thbbé observatlons it Qas eons;dered doéirable to inépeét ?{
f}the separators two or three tlmes & day durln@ collection of urine and faeoes
»?&samples to ensure that no. blts of wool,'or food or faeces were csught in them
whlch might impede the flcw of urlne or.misdlreot the faeces into the wrong

':receptacle. S

Durlng the course of all tha experiments carried out ‘on copper eyofetion ﬁi‘
‘_a number of urine- samples dld become 1nadvertently contdminated with faeces.-
Theqe were disoarded and ave not 1ncluded in the results of the varlous )

© experiments.
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Experiment 12{1'Inf1uenoérof dietary copper supplementation on the level of

urinary end faecal copper- excretion of housed sheep. -

:‘Thié-experiment was designed to determine the level of coﬁpér'exoretion
in theﬂurine and. faeoeg of Blackface hoggs which weré.being fed indooxs on a
‘diet providing comparable amounts of energy to those commohly'fed to this t&pel :
of stock when the}fare béiﬁg over-wintered. The effect of 2 1é§elé)of>cgpper'

supplementation (10 and'250 mg Cu/aay) was stﬁ@iéd.;

Six Blaékfaoé;ﬁog'é wére-uée&'iﬁthié‘éxﬁeiiment. These'shepé formed ﬁart J
of fhe control and oopper supplemented groups of hxperlment 7 already desorlbed '
in Section IV. Sheep Nbs. 8_and~50 which caMev£;9m‘the,control group had |
a daily cbppér intake from the basiclﬂiet (0.75 iﬁi.héy and 0.5 lb. oats) -
of 3.4 wg. bhnep Nos. 24 ‘and 32 received an additional 10 ng. of aupplementaryi.

copper while sheep Nos. 41 and 42 were glven 2;0 R aupplementary copper,

Tﬁese 6 sheep were removed from their groups 6n 8 Deﬁembér 1962 and placed
in metabolism cages. They vere fed. rations identloal to uhnse they had been
receiV1ng be;ore removai from thelr graupu. Dosing wlth 10 or - 250 mg. Cu
(given as the sulphate in solublon by mouth each moxning) WS commenced on
10 December 1962. The oagea vere washed d;wn and set up fox the collection ;
“of urine énd faeces on the same dey. The first oolleotion was made on 11
Deoember and furthpr collections were oarried out for another 11 dsys until

21 December 1962. Thewaheep were then removed from thelr‘cages and pub back

inte their respective groups.

Resulté/
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u}ﬁfiﬁéﬁ?ﬁébppé?{Ekéréti&ﬁﬁf':iu L

Th‘"total dally urlne vclume, thau rine copper concentratlon and the

‘V-i_total urine copper excretea hy the 6 sheep are detailed dn Table 82, f:

The total dally excretlon of copper by the 3 palrs of sheep is 111ustrated_i

. 1n Flg. 27. This shows that d031ng wlth 10 or. 250 ng: Cu- produced no 1mmediate”

'iﬂgfincrease in urinaly copper excretion as the output o;'copper 1n the urlne of

:fthe 4 sheep reoeiving the supplemenmary oopper was' no. hlgher than that of the ¥

‘ifcontrOL sheep on the day fbllowing the admznzstratlon of the flrst dose. ‘
;However, the effect of the gupplementary copper was becommng ev1dent 2 ddys :;l
_x;after the eommenoement of doalng. By thms tlme the votal dally exoretlon by '

"the 2 sheep whlch were receiving a dally supnlement of 10 ng Gu had 1ncreased

EE Tto® twiee the orlglnal lavel. Thls urend contlnued 39 thab by 6 dqyd a&ter

';fthe 1n1t1a1 dose themr daily exoretion of coppef vas 5 tines ‘the or1g1na1

:iﬁlevel.av~ﬁ

The pattern oi excretlon for the sheen belng dosed daily with 250 mgaCu ﬁ'
| waé simllar although one of them, Nb. 42 dld not show any marked increase in
:,urinary outnut of ooppar until 3 dayﬁ after the 1n1u1a1 dose. However, by 6. _';'
:days after the start of dosing both sheep had ) dally copper output in +the urine ‘

1\whlch was 10 tlmes that found on the flrst day after the inltial dosp.-

" Over.the 11 day éoliébtioh peri¢d.the~méén total u?inary‘exgrétion of
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Amount of Supplementary 'ig;;

Cu given daily (mg.)

0,0
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0.0
16.0- L
, 32

CU250.0 -

v .
PN SN : NN

' (ned. = not-deternined)

;5of ,

24

42,

63.8

i ¢ (_1' :n.d;
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23.0 . 63.4
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62,5
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3942
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5.5
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350

350

200 -

235
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25,0
22,0
30,8
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112.8

6745

17.0
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400.4
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©. Table 82 (a) Total~dai1§;§olﬁme»6f ufiﬁel(mie) exc:eted-bjzéisheev."-’:""

Mean of;Gfdéys

16-21/12

163
510

270
112

250
105

. 17.5 -

59.2
1344 -

6.4
30440

56,1
9.3

159.8
: 366;6‘¥T;>}
519.2 -
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LR conper by the 2 control sheep was 65 3 ug.; This eomp&res w1th 88 1 ug Gu forf?;i

ﬂ?uithe sheep recelvlng 10 mg. supplementary copper and with 178 O ug. Cu for 7‘

Q"'the 2 sheep recemvmng 250 mg. supplementary oopper dally. }:f

::Faeoal Copger Exoretlon The amount of faeces dry mat er excretod daily.
its GOpper concentratlon and the total daily amount of copper exoreted by the};fl

Lf°6 sheep are 1isted in &hble 8),:‘.:5»:

' _Tgbié 83;' Faeoes dry matter (g)l copper concenuratlon (p.p.m.) =~nd total

oopper output (mg) of 6. sheepr,;

 No. Extrs.Qu Dry Wi Ow Conc. Totel Gu - Dry We. Ou Cone. ™ Total Cu.
B B SR Snfonee Ddlelfn Dap b S Copo. Zotel

| ) n
 5“®&*£f”'~$§gﬁmaﬁgfbaﬁﬁl?%ﬁi?ﬁkfgﬂﬁfV
e ess o s e 56

AT 14‘}‘6? S syt

g 1473::?700 5f‘, 102 97fi,-" WIS 15?‘1* o
138 7‘f722 3{f 99 6a‘?r51i€;72 oI 1s6TL s
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- During the first 5 day period the totalvcopﬁer excreted 0y the 2 sheep -
recelving 10 mng supplementary copper was more than double that of the 2 control.
sheep whilst the amount exoreted by the 2 sheep receiving 250 mg. aupplemennary

copper hed increased 50 fold when compared with the 2 control sheep.

There Q&s a further increase in-the total faecal output of copper by the
four. Supplemented sheep during the seoond 5 day parlcd of callection. The two
sheep gettzng 10 mg. suppiementary coppexr had & meen daeily exeretion in the

'faeces (8 08 mg Cu) which wes almost 4 times ‘that of the 2 control sheep (2 24 '
mg.)., The 2 sheep belng given the 250 me. oopper supplement hhd 1ncreased
ﬁheif:méan total output to 154.94 mg Cu. whiéh was TO tbimes move then that qf

the 2 control sheep.



Cae.

o }”Experlment 15g(a) The e fect oP 1ntravenous 1naectlon oi LﬂTA on’ the ouuputffC

of copppr in the ur:ne anu iaeces of pheep.'_

Thxs experiment wab undertaken to determine the effeot of intravenous

e

,1njeobians of BDTA Qn the rate of excretlon of copper in the urlne and faeces{fﬂ

-f.o; sheep. A stuay wag: also made of its effect

‘ ﬂ;blood copper concentration :

| f?and 1t was also hoped to correlate any 1norease 1n urinary output of copperlbs

~i; 5with the tofal copper ccntent of the livor.""("°“’

SlY old ewas we?e uséd in thi; éxpeﬁlmenf; I&ve of %hese ‘were Gheviéfs.
f the oﬁher (NO- 27) heinc & Blackface. These uere placed in metabollsm oages‘f;‘
P ,uhere tnnv wele letb for a week to acou&tom them to thelr new surfoundings.iﬁ}
.Eheylwer< fed to appetlte on a ratlon oonsistlng of hay and oéncentrates.lﬂﬂ

:watev was alweys avallable.

| Aftef the prellﬁinar} aettlinb in-perlod the oages were set up fov the |
-?f;oollectlon of urine and faeces.c The total voluma of urlne and tho m&%g of
fu‘faeces excroted by each- Sheep was measured dally.' Daily colleoulons wers oarried
.;;out for 5 daya pflor to the 1njecﬁ10n of. FDTA. Gontr01 values were mhus obtalned
"réjior<the mean bo 1 daily excrubion 01 ooppe 1# ﬁh@ urlne and faeoos uf the'.'

.56 aheep. o

e 6 sheep were inaected wmvh BDTA, at a rate of 1 5m/j0 1bs. livewelght.
3=Thls was glven as 23 5% solutlon -in norm&l Baline, by means of slow
vxlntravenous drlp on 5 December 1962.- blood samples were tﬂken immedlately

: befm?@/
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':a :;befo¥eLand agaln 2 and 5 days after 1n3ection. Urine ané faéces samplés weré s
lcol]ected for a further days after 1ndect10n. Both in thls experzment and
-;1n those succeedlng it each oollectlon of urine represents the total volume;;-tv
ﬁ';;exoreted jn 8 24 hour period 4G from the time of . injectlon to 24 hours post t

‘1ndect10n. : .- g ;:;¥¢:~ﬁ7'

.~ The sheép‘weré reﬁévediffbm*the'métabdliém.oages on 8 Décamber and

'f'slaughterea on 11 Decnmber 1962. ”he whole livers were obtalned at sluughter,n.
”,welghed drled and analysed for tneir copper conoentration. Gopper was

'detelmlned on all samples obtained durlng the experiment.

ﬂ Blood1b5ppef~00ncentrati6h . The blood copper noncenbratlons of tne 6 sheep . -

;,on 5 sampling aates are glven in Taole 84. The lxver dry weléhts, copper

'ooncentratlons and botal copper contents are also prpsented here.-'
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Table 84 Blood copper conoentrations ' 3 weights liver-cor er

goneeht:ations and total liver-copper contents of 6‘sheeﬁ.
Blood - | - :l R Liver. o
Ho.. 5[;3 52 812 Dry wt(e). - Cu Cone (p.p.m.) ibté; Cu(mg)
27 0.87 0,81 1.02 : .206 0 925 19i?
455 101 0.72 0.87 180 07 55
468 - 0{63 0.49 Q566: O o . 148 25
4T3 122 0.90 0,99 - Caes 7i4_f | 151
AT4  0.73 0.45 . 079 . 217 435 94

481 0.52 0,56 0.77 ~ars 82 14

Mean 0.86 0.65 .0.8%

The mean blood copper concentration of the 6 sheep 48 hours afier
injeotion was 0.65 p.pem. This compares with a mean velue of 0.86 p.p.m.

prior to injection and one of 0.8% p.p.m. 5 days after injeotion.

The-biood copper concentrations of 5 of the sheep 48 hours'after injection
had fallen frdm‘their initial concentration immediately prior 10 injection. On
regampling 3 days latér the blood copper concentrations of all»S‘sheep had risen
to cénceﬁtrations which were similar to those of the pre;injaatipn;samples. |
-~ The blood dopper odncentration*ofathe-sixth'shéep,'ﬁb. 481, was slightly higher
2 days after 1naecbxon (0 56 p. .m.) then - it had heen at the pre-inaeotlon
sample (O 52 De p.m.) - It exhibited a further rise in concentratlon 5 days-

uafter ingeeblon when. the level was 0. 77 p.p.m.

Urinary/
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The total volume of urlne exoreted. the copper oonoentmatlon 1n.the e
,urine and tne totaT amount of OOpper exoreted in the urxne are detailed in -

*«;Table as.g,;‘kff

The total dally‘output of copper in\the urine of fhe 6 qheep is prbsented

'”diagramatically_ln xlg. 28 For &13 6 sheep the toral urlnary emcretlon of

: »copper on the day after the 1naectlon of EDTA was substantlally hlgher than the ’

"‘corraspondlng mean excretion rdte for the 6 day pre-inJection period. The mean 5

'r.ﬁtotal dally exoretlon of urlnary copper for th@ lest 4 days Of colleotlon o

'335(2 - 5 days after lnaectlon) was 31milar bo thé. correspondlng mean values for

fthe 1nit1a1 6 dhy'period.

Three of the 6 sheep had a sjgnlficﬂntly (P<:0 03) hlbher output of oopper;
3 1n the urlnp on. the day followlng the 1naectlon of FDmA uompared to thelr mean

'output ‘for the preoeeding 6 days (Tdble 86) 'ThebetB.ﬂheep (Nos. 27, 475 and

: E¥T474) all had falrly high 11ver~copyer concentr&tions (923,:714 and 435 p p.m.

A»reupectively) whereab the other three sheep (Nos.A45), 468 and 481) whioh did
;nob have a 51gn1floant inorease 1n urlnary copper output on the day after
"zlngeotlon had normal to 1ow 1iver-copper concentrations (307, 148 and 82 p p.m.

i‘respectlvely)(See thlc 84)

The mean . oopper etcretion over the sxx d@y pxeulngectlon perlod, the B S
'-'copper exprntlon on the day after ingeotion, the nean copper excretion for the- _3
. flnal 4 days of collectlon and the totdl liver-oopper contents of the 6 sheep .

are detalled in Toble. 86 Qe Jifsf



- Table 85.

27
453
468

473

474
481

Ingected

. ?586
875
T
- 400 R

1146
5 1440
8.1
12.6°
26,6

15

. 104

8l

71

106
&

s

1060

260

Mo go/ueofu M/l i 2lz m_gw_ ' m_

700 500 400 450" 900 390
5 3150 < 350 . 650 395

670 - 610 1310 375 4§o~:;27Q3

0.: 450 575 510 600 ?qo= 1600

202,

(a) Total daily volume (ml) of.. urine exoreted by 6 sheen.f.:

13.6

11.2

5;8

- 13.0

42.0

642

e

1000.
350
350
560 . 500 . 395 © 900 480
370
C 430

Uriﬁaiy;Copper;Conbentratiqn (ug/100 m1)

16,8  16.3 7.8 9.8 1l.4 1441
8,9 7.0 - 1é,1 15.6  11.0

13,8 16,1 10.8 - 25.5 15,0

18.0  17.4 18.6 15.3 38.1 36.6

7.8 12.6 18.8 6.2 13.8 9.9

(2)

144
43
T
59
168

- 68

Total Urinary Copper Output (ue).

105 . 127 169 114 209 128

118 - 82 31 44 103 55

69 79 - 42 101 43

T 8L 43 - 230 72

- 111 106 144 - 57 175 99

20,2 21,0 . 26.4 11.4 10.2 8.5

13,2
16.5
12.5
11.9

17.0

10.9

132

58

44
71
63

49

600 © .

7712Tf
o

11.6

15.0

15.5

11.0

103

,-78f

96

46
75

8fiz.

4-430. o

160

400 .

400

120

5607

17.2 -

21.6

7.2
1344
16.4
14.5

K
35

29

20

81
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Pi* 28. Th« A«nv outwit of QODPMT (nir) In *)W "£ Axpn
prior to and folloifitur intr«vi#nou8 ia.lf#ictloa of
K.D.T.A.
468
100-
100-

EDTA. EDTA.



: !jTable 86 Urlnarz_copper eeretlon (ug) pflor to and f0110w1ng 1naection of.

LDTA and the total 1iver-copner content (mg) of 6 sheeg.-
L B N ' ’ lia o ‘

RPN ﬁ;;7 Total. Liver | Mesn Cu Output. (ug) Cu output (ug) daz_ Mosr Cu Output (ug)
B Qu Content (mg) 6 days pre—lng. C aiter 1naect10n.“ '.2~ days after ;n .

‘77i2i¥5;5;5591i17<;' 127 2 * 25 4 | iﬁZT‘é09*(_’ 5;iAﬂfﬁlff"’ 109
Aéeiigi;'25€ : _;' 5*356 2 & 29 89";21~:l - 19i§qw ﬁ‘; f";¥‘ -1‘5.45 ‘ .
o 71605 _29 5 R N R
S w o msesms | owwe s
o w o ehszma 0w e

\“fSigﬁifibanf incréasé,(E 3O.Qi); *% SignifiGQ§tTIndréaséf(Pufﬂidﬁ)_

Following the reportlng of Experlmpnte 13 (b), 15(a). 15(b) und 1;(0)
) f whloh 1nvolved the 1n3ecting of further sheep w1uh BDTA an attempt will be made
7%0 oorfelate the xnrrease 1n urinary oopper outpu+ on the day followinr 1nseetlon

) w;th the total 11ver copper oontent of the sheep.

1 . One feéture of tﬁe.FDTA 1njeot10ns was the malked 1ncrease in Volumé
iof urlne excreted in the 24 hOUfm iolloWLng inaeetlon. These 1ncre&ses were';
:)in the order of 100% for thxee of the gheep and in the case of sheep N . 27
"thzs inorease 1n the total volume of urine excreteﬁ accountpd for the .

smgnlfleant/
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sigﬁificant increase in copper exoretion as there was no rise in the copper
conéentration of the urine. In the case of the other 2 sheep (Nos. 473 and 474)
which had significant inéreases in urinary,cppper ouﬁput following thg intra-
venous ;njéction of EDTA thére was ‘also a marked rise in urinary copper concentra-

tion.

- Faecal Copper: Concentration.

- The faeces dry matter excreted dally, its copper concentration and the
total daily output of copper in the faeces by five of the sheep are detailed
in Table 87. The resulté'fqr’shéep No. 474 had to be discounted as the faeces

had been wnfortunately contaminated with an extrameous source of coppex.
~The mean daily faecal excretion of copper by these 5 sheep for the 6

day pre-injection period, for the first 48 hours after injection and for the

last 3 days of collection is given in Table 88.

Table/



haeces dry matter (g), GOpper eoncentration (p p.m.) and total copper

" table 87
LR output (mp Ou) of bheep bcfore and aftor FDITA inpevtlon. ig“;:?t_z..;ui

o a7
- ass
,15463}C1

Cars

T

R

(a) F&eces dry mat er (p) excreted dally.-.ﬁ;}A

o Indected

s/p

8/12"

:?8)05
3f56.o‘

420

6,57
685

100

s st

111
e
BERTAS

EELR
iéifvy,
fiﬁﬁgéif‘
)llgégf;;
144 e

pa/1 29)11 3§/11 fi]ié;fajlz

’31 87 5"_9Q;f
~’fi14'ﬁﬁ§f%%‘ 90
4

sf12V 412
,126f

120

130,

(b) Faecal oouper eonoentratlon (p p.m.):f
;874 7

59.8
81. 5&

84 0
5L.7
:§§ﬁ74

36;0

47,0

“42;?f
6244

61, 9
74 6

8450

6.9 5

70.0

T4
49 9

9120 88 7

'6) O '# f

;8).C 84 4

ae 2 86 2"
8 6 64 B
70 4 69 9
82,3 115.1

82 5 99 2

(c) Tbtal Faecal LOppev Output (mgl

ﬁ.BB”

3.99

s 76 . 2 10, 44
6.9 7,24
16.20 11.05.
620 6:95
;6!44_10-14 €

s
¢ 9.33
595" i
6.5
;?!64i

 8 91 o

‘9 46 11 18 9 OO 2 24

3.10 5 83 T 31 10. 84
8. 03 1 0.56 5,82 11,99

9 Ob 10 0l

.88 8. 73 10. 73 10. 61t

;-iog'- 26
120 163
‘125
1300 e

60 9 66 5‘
64 7 95 9

5.2

T.59 6464
e 12,74

6)&2 iz
n3 175

e 10

é7 2 105.;;

65 l 71-)’

16i;5=" 81.6.85.6

92.) 84 of 80§4'f.

- 104, 4 102. 4”

12 11!f
11 37
1477

9485 ;
4.82. .

741 3.51

:75{}§L;f@i"f _

107 - 0 ta22 32

88,0 - W

6.8

2073’}f ;

6.08
328 .



TdblgEBB Mean dallv excretlon of oopper {mg) 1n tho faeces of sh@ep befbre 15% 

and after 1ntravenous 1ngectlons of EDTA.;

CNew ilé daﬁé pre- 1-;‘ Q'_;de h§u§é éftér f5;?'“ ;‘48‘- 120 ' house after»
i e dnjeotion - o - injection: f,_‘;“f~?;ﬁgﬁ.__}; 1n3ection E

e bup o s ﬁﬁ'; 3‘;,_\0-'31,_55523

B R X = T

- 473 : ;“":‘7.'16 . 9.5 ?‘ P _ 704 -

Mean T2l . 86 P

DV@T the 6 day pve-lnjecbion perlod Ehe mean daily ouﬁput of 009per in

_ the faeces of these sheep ranged from 6 28 to - 9 48 ng. ﬂuring the 48 hours- 3w

1mmed1atoly after 1njoot10n there was . an 1ncrease in the dmlly outpuL of copper [.

by A of bhe 5 sheep. The flith sheep, Nb. 27. ﬂhowed a decrease in- the daily
-cutput o £ copper during thls p@rlod from 9 48 to 5 62, mg. Durlnp ﬁhe-last |

'f ) day ool1eotion par;od ita output increased to 8 ?3 mg/ﬁay. During th&s

'7 pariod the dally output of copper 1n the 1aeces of the other 4 sheep returnea o

to simxlar levels to those found during the lnltial 6 day period.



 Bxpepiment 13 (b). . The effect of 1ntr1venous injections of E)A dnd peniuillamlnt

on the output 01 copper in the urine: ana faeoes of Bhegp.

"{ﬁThls expcrlment was designed as a fuxther trial OL tha usefulneab of intra—,

o venous injectlons of EDTA 1n increa51ng urinary copper exoretion 1n sheep. The i

- fAfefiect of the DDTA 1ngections on urnnary copper output was to be compared with

: ;that Of 1n39°tl°ns of PenlOlllamine given (at a dlfferent time) ] the same 5:”'”
 fbheep. The effect Of these 1nJectlcns on blOOd Gopper concentrutlon was alﬁt:;;f
“‘to be: étudled and lt wﬂs fuvther s hed to determlne whether theca waslénywd:

.f.-relatlonshlp between lncreaéed GOpp@r.erretlon in the' urlne following these

mlnaactions and ﬁobal 1ivem-oopper oontent.»

».Six Blackface haggs weie uéed in thls é;periment. Ehése sh;ep zorméd

part of the control and copper supplemented groups of lxpeylmgnt-T-already;
:desorlbed in Sectlon IV. The 6 sheep~were 1ntroduced to éﬁéﬁﬁetabolism oages““
on 8 Aprll 1963 where they were 1eft for 10 days before prelimznary oolleotions
-of urine and faeoas were made.z The sheep were fed the same dlet aé they had

hoen r9091V1ng prev1ou51y. 1.e. 0.{5 lb. hay and 0.; lb oats/blood mcal mlxture;v
ﬁéShaep hos. 28 and 45 had been reeeiv1ng the baalc diet only with o supplementary:
;copper°- sheep l\Toso 17 andt 53 had recelved 5 dose of 10 mg. Cu per week whlle i;
the remalning 2 sheep, Nbs. 5 and 58 had received 5 doses of 2 O mng Cu per
week alnce 10 Decemhor 1962 e, totwls of 0.90 g tu- and 22, 0 g Cu respactively.
“No furthev doens of copper sulphata were wiven to bhese 4 &upplemented sheep

for. the duratlon of the present experlment., N

The/



308.

é The motabolxsm cages were washed down thoroughly and then set up for the
,oolleotlon of urine and fmGCGS on 18 Aprll 1963. The - flrdt colleotion was
‘made on 19 April and daily qcllections were taken thereafter until the

conclusion of . the experiment on 28 April«1965.

2 g; EDTA was sdministered to each of the 6 sheep on 22 April by means
of aslow intré&enous dri?. The ENTA wos given a8 a 5%’solution in N,LSalina.
: The 11vawe1:ht of each of the six sheep was about 60 lbs; “The penicillamine
1n3ections, also given by glow intravenous'drip,-were administered tb thelé i
sheep on 25 April. - Bach sheep was injected with a solusion made'by.dissolving
600 mge B-penieillémine hydwochloride in N. seline end neubralising the

resulting solution with 0.2 NKOH.

Blood samples wore obtalned irom Lhe qheep 1mmod1atoly prior te both
1ngectxuns and again on the &ay aFter 1naoctlan. The whole livers were
obtalned from all 6 shsep at slaughter on 1 May 1963, Afifsampleé of blood,

liver, urine and facces were analysed for thelr copper concentrations.

" Results

L mataAR R Y

Blood Covpexr Concentrations.

The blood copper concentrations of the 6 Mheep ont 6 Soparate aamplxng
dates are presented in Table 89. %he liver dry welghts, copper coneentratlonﬁ
- ondl total copper contents are also presented.

Teble/
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Tabiéiégfi Blood cﬁppcr concentr&txons (p p.m ), 11ver dry welphts (y). 11verh 3{f

copper ooncentratlons (p.p.m.) angd. tot u] iiver«coHper cantenta (mp) o

-°:f"0f 6 sle%ﬂ-il?-'-

Moog - o o mer
‘ﬂDTﬁ Jnaected : Pen.lngected SN RO

:'Zi ﬁg;_ﬁiQZQﬁ 422£4l§ éﬁ[iiﬁ,éﬁzg‘b {4” };ZEJicany;wf.ffbﬁ}géahéé;jToﬁa}“ddﬁpéif ;

28 0.78 0,92 0.56 0,80 0.90 0:93 1120 9360 . 43 -

45 0.60° 0.60 _~o.54mf°o,65 10.60 070132 m"'zdvéf;@:v‘v;=2.i7~
g f'i:oij‘l;zéu,il;ﬁsé; 1.25 e 37“_:15Q§;;{£ii$‘ 505, 4‘55 3; 5. 1‘*’:‘.
55098 120 106109 138 Ld5 121 aAmp a6
5108 1.08 0.67 116 0.98 1.05 101 §3)13.3'3;ffv‘)§§.6'?§ﬂ :
30 1.64 1.80 1.5 iEAi. 1436 g,i;1i£5H 1Q6 -7f24§4ﬁé;"45,:253.1”"’T$”

Hean 1:03° 1,14 0.92. 1,06 2.10° L1 U

qﬁié'déﬁonétréﬁésﬁfhat fheré ﬁﬂs a marked fali:iﬁﬁfhéthlsﬁaiﬁoﬁpéfh
,cencentrationm Df mll 6 aheep on the dmy followlng tne adm:nistratlen Qi TDEA.

: quh9 decr@age¢ ranned Lrom O 06 Do p.m. for sheep ﬂo. 45 0 0.36 p p.m, for sheepv}i

o. - ?8. After a furbher 2 days bh@ blood coppOr concentxatlonu of 5 of the 6

- sheep had retutned to theix pre-lnjcctlon 1evmls.A The' blood cOﬁp@T concentxa- o

tion of the sixth sheep, No. 38 remained at the 1ovu1 to which ;t had fallan

on the dey after.lnjectlon,

‘{5::0n1y/
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Only 3 of the 6 sheep exhibited a fall in blood copﬁér concentration 24

- houre after the intra&enous injection of penicillamine and for 2 of théae 3

sheep the decrcase was very slight (0.0% p.p.m. or lesé). The third sheep,

No. 5; had a deci@ése‘in ﬁiqdd copper coﬁoentfation of 0.18_p.p.m. The other

3 sheep .all had increased blood copper céncéptrationa (from 0.10 to 0.29 p.p.m{)f
}-24 hours aftér the penicillamine injections. By 5 days after the aduinistration
of penbillamine the bioed copper concentrations of pll 6 sheep had returned'j
to similaw concentrations to those found“immediately before the previous

- injection of EDTA.

Urihary Copper_Excretion.

The total volume 0f}urine e#creted,fits copper conoeptratioﬁ,'and the
tntal;d&i;y outpﬁt of‘copper in the urine of @hQ-G sheep are presented in ‘.
Table 90, A | .

The'fofal‘daily output of copéer in-the urine of the 6 sﬁeep.is preéented'
diagramatiéally in Mg. 29, On ﬁhe day;fdilowing the admihiaﬁratioﬁ of the B
\EDTA;injecﬁionéﬂéll six sheep exh;bited.ihereases, TeNging frgm 507 to méré than
209% of the pre-treatment values, in_the to#al-amount of uﬁinary coppex excreted;
‘ The-igb;aaées were in allzcases“highly'3§gnificant (P<0.,0L). :During the nqx£ -
_ ‘2'déyaifhe total &éilyiexcration of.coppgggin tﬁe.urina qf'all-é.sheepfetuxnedj
to the pI@mtreatﬁent 1e§éls;~ | |

éhere»wexe marked ihéreasasi;n the tbtai 0ﬁ$put pfﬁcoppér‘in thé urine
of'aii 6 sheep during tﬁe‘é4’h0u%ffe§io& fdllowing the éémini&tratidn of ,;
penicillamine. The increase in 6ut§ut for‘é11‘6 Sﬁeep'waé‘again highly signifi-
gant (P<0.05). ‘Dﬁfing the last 2 deys of’cbilécﬁioh'tha deily 1evei of copperVA

excretion returmed to that exisfing’during the pré-tréatment'peridd.

The/



No,

s19/4’f

20/4

mmnmaqﬁ

21-22/A

28

‘¢v:i_1?35
?‘Bén

;e

38

28 -
4.

i7

53 -

néo“

210

1100
1300

36.3

%}ﬁOOO

017

24.0

143.0
:'l37’0

e
| 126
o9t
312
“LIGS;

(0.

200

- 200

45

950,
11150

228

665

.916

218

505

'650 -

_ézﬁ'%

1675

450+

5;750{A 
ﬁiﬁidd

450

1150

onfs
;1i00;f,

425

675

175
' 600’ ’

700

Pen. Ing.

-w*
50
f10§of

450

»’_Table 90 (a) The total volume (ml) oi urlne excreted dally by 6 sheep. M

?7—?8/4

26/4 -

1000

L B60

C s

'850 o

7i51.1':'
413

3643
60.0

217

25.0

1430
37,0

36,2

28.1 -

:57i5ﬁ;
24}4 f“'

145.0

i 5735'.‘

- 18.8°
48{8‘

- 45 9;?
Tl 9:' :

142l5

38,1 ‘

135
3046

18.4

11.6

10.4
40.7

- 118.8

34.3

‘~446.d}f
255'0."

Wobal urinary output of _goppex (up)

(e
182
:;;éq15<i

206
288
286 .

154

eas
209
o ey

312

. fzéé’"

B15%

gfﬁ41ﬁ;i
430

220%-

3344%-
820%

a9
A0
o5t

L
330 -

1)B=
136:

4
285;

- 279
;148

3B3% -
arse

3504

fibQé*

S onex

1175“

Urinary covver condentration (ue/100 ml).

2250
45.7°

Tu9
132
96
lﬂl17 .

183

% Slgnlflcant increese over mesn pre—lnaectlon output (Pa:O Oly
o ‘ (P&{)o)).

. ‘-::; +

"

"

,";|.

14563?.'7 o



ml ivindary copper Gxcre: m {ug) of two control g he‘g_g' I
“tuo-sheep which r ce:wd 0 g Ou/day snd 2 sheep which - ..

. xeceived 250 me Cu/day prigr to and following i réwen
_Mﬂﬂs 0_? EnDaToA. {Hwip_i_l‘;ﬂgm. L

500 28 45 NO COPPER.

{000 17 53 1O MG. Cu/DAY.

500

2000 38 250 MG. Cu/DAY.

i 500

1000

500

EDTA. PEN,

e



513.

Thefmeaﬁhincreaae in éopper outbﬁt in the.urinefﬁf-ﬁhe‘Gréheep'aftef fhe
EDTA inJoctlons was 238 ug. Thls contrasts with a mean anrease of T03 ug Gu
folloving. penicillamine admlnlstration. -This increased output aftor treatmentl
‘with penicillam;ne was found for all 6 sheep end indicetos that it was much_
niore effective iﬁ.increa@ing the rate of excretion of cdppéi in the urine

than was EDTA at the dosdge rates used inlthe present‘axperiment.

The effect of thé:EDTA injeetions hag l;igely been to increase the totalr
volume df ﬁrine excreted without an& conﬂurreﬁt increase in its copper concen- ‘
tration. Only one of ﬁhe 6 sheep, No. 53, showed a marked increase in urinar&
copper concentratiop during the 24 hour period immediately following the EDTA
injections. .On the othép;haﬁd 8ll six sheep exhibited increases in their
: uriﬁéry*copper_concentrationa following treafment with'penicillaminé. This
increése in uriﬁdﬁf-cop@éflconcentratién was'aocompanied by an increased

volume of urine excreted in -only one of the S-Sheepbﬂo. e

Relationship between totsl liver-copper content and increased output of gopper -

in the uwrine follovwing injection.

Tablé 91 showa the relations hip betueen the total 1ivwr-copper‘contént
of ‘the 6 shaep and thelr 1noreased output of urlnary sopper- following 1naection S

w1th LETA and penlclllamine.z

Table/.
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 Table 91. Total liversoopper content  (mg) and. the urinary copper excreflon of

6 sheep treated vxth ohelating dgentq.

- No, Total leer Cu : Mean Cu output lgpreased-output - Increaged output
- 4 days pre-inj. ‘gfter EDTA inj,m . after pen. inj.

521 o4 1% - . 32
',_17}‘ - 57 1#"5 S 23 08 :~ ; | 143
535 a6 261 .‘ sy 766
‘s s AT Lose4  1e02
se ks 20 . 28 o 9

'There was noL such a clear ralat;ﬁnship found between the total<livcr-}‘? :
_‘copper content of the sheep hnd thelr 1noreased output of. copper iollowlng
n"EDTA injectlon on this occa51on as was found in thc preeedang eyperiment
”,'where the greateat increases 1n coppexr excretlon were assoclated wlth the

‘:;hlghest total llver-coppor contents. o - f“ff E;»E;' hl; SR

If the seemlngiy ahnormally hlgh values found for sheep No. 53 afuer both

'17tho 1njectlons of DDTA and penlclllamine when it cxcretod 1nord1nately 1arge

B ‘Pamountd Of copper in relablon to: its totdl 11ver—copper content are excluded

:f}then,the 2 sheep (Nos. 5 and 38) wlth the higheat total llver»00pper contents

"”i”had by far the gre&test 1ncreases 1n the amount of copper excreted 1n the f R

A~;iur1ne/
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-fﬁriﬁe;‘ Shoep No. 17, however, whlch had a totmi liver copper content of 57 megs
dld not have a greater 1ncreaue in urlnary eopper output than sheep No. 28
whlch had a total liver copper content of only 4 3 mg :‘These.re ults will

'be examlned in greater detall at the end of thls secblon when an. attempt w111
be made fo establlsh ﬁhc exlstence of a relutlonshlp between the 1ncreased

- amounts of urinary copper gxcreted‘follow;ng treatment-w;ﬁh chelaﬁxng agents'

* and the total liver<copper contentsof the shééﬁ.*'

‘Hhecai_Cbpper Concentration. '

7 The fdoces dry matter excreted dally, its copper concentratlon and the
‘total daxly output of Lopper in the faeees of the 6 sheep are detal]ed in

"-"vable 9.

JsAThexe wag a Sliéht decrease 1n theutotalk;mounf of.copper excreted 1ﬁ-the .
ifdeces of -all 6 she@p over  the’ 2 day'perlod iollawlno the EDTA 1n3eot10ns._

Thls, however, corresponded to a deorease An the total iaecaJ dry matter excreted
and aid. not 1nd10ate any reductlon 1n the oopper conoentratlon of the faeccs.:
:There was a small decrease 1n the amount of iaecal copper excrcted by 3 of the
sheep £0110w1ng the penlalllamlne 1naectlons hut thls uas also related to a -
Vdrop in. the total amount of faeces excreted. Nelther'treatment exhxblted anj
tofiect on rhe concentratlon of éopper 1n the f&eces or on the total amounb of

{copper excrebpd.s~-ﬁ%?”i
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‘Table 92. Faeces dry matter, eqpper concentratlon and total coppex. output of o

3 6 aheep prxor to -and after 1nﬂectlons of chelatlng Qgsnts.'

‘:(a)‘ Fagees dry. matter"(g)_excreted daily.
- hnmin;. S Pen Inj. - -
~ No, 19-20[4_ 21-22/4 3-24/4a~- 25/4" { “.L& _Izgéli

28 346 305 246 Sla"i;.iégé; ":>'285 |
45 300 - 305. 125 VS VR 261
17 315 305 265 300 .. 300 . 295
53 251 235 191 -, 232 212110

5 185 245 - 231 242 222 © 200
38 265 280 . 240 242 270 225

() Fagoal copper concentration (p.p.u.)

28 17.8 129 13,5 13.2 2.4 10,7
45 99 0.3 157 151 15,9 142

17 41 1068 0 1L7 . 1400 140 159
55 - 23.3  15.2 44 15,3 . 142 8.4

; 5 o 12.7 .1300 f—"12'9‘, | 15.8 12,7 ‘. ‘16.0
38 13.5 16.7 - 15.6 17.3  17.5 . 20.0.

(c) Total faecal .90PpeT output (mg)

,—-281'. 6,16 3.94 5.35‘ﬁ'.A 4;;2_f 2. 16°(_ | J3;04_1_f [-;”
45. 29T 343 LT k2T 224 B0

ar, ‘ R ‘3.30 - A£3fi°‘ : 4.21 *‘324‘205‘ B 4t
53T 5.84 356 2.5 355 5.00- 0.92 .

A;V 5. |  A2,35 5.;9 _:':.300 N ‘i‘ng; : 20831* .°_3059 ;;
%8 35T 468 374 T 418 4T3 450
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,f;Experimentvl4, The ‘ effect of {ntravenous in)ectlon of sodium . ¢

dlethyldlthiocarbamute on the output of coner in the

urine and faeces of sheep._

Na dlefhyldlthlocarhamafe is a powarful‘ohelatlng agent for copper ( and
“*fother elements) ‘and has been extensmvely used: in the quantlt&tlve determlnqtlon
of copper. Its abllltV'tO chelate eopper has prompted 1tq use as. a therapeutxc i
;:agent in the treatment of dll ion's Disease whera 1t has. effected marked clinlC&lj
Tflmprovement when adm;nlatered intravenously. It has been reported to slight?y
lhcredae urlnary output of copper. (uunderman et al., 1963) in humans and to

flower blnod copper concentrablons (Howall 1964) in rabblts.1_§fi:.‘“~7

'Thls present experxment and the succeodlng one were deolgned to examzne ‘
-dthe eftect of 1ntravenous inaectlon of varvlng amounts of Na dlethyldithloungv*x
carhamate on copper oxcrotlon in the urlne and faeccs 01 sheep and on blood

copper concentratlon inhqheep.~;3 

. Thfee old Blackfacé éwés Qere us ed 1n thls experlment.f These were placad
in metabollsm cages on 5 Deeomher 1963 where they wero fcd 1 1b.: hay’and lu lbs.f:
oiv conccntrate mlxture daily. The concentr&te cens;sted of flaked mamze, h
; bran and a proprietary c&lf reafing concentrate. Thls dlpt provxded a, dally

Jntdke of 15 6 mg Cu.f The 3 shee; were lefh Lor 8 week 1n the metabolzsm cnges“

"~éfbe£ore collecflong of urlne and faeces were commenced in order thﬁt hhey mlght

fbeGOme acouutomed to th@lr neu surroundmngs. The flrst collectlon of urlne and

f??faeces was made on 12 December‘ 963 Dally collectlons W@re taken thereaiter '

“‘~unt11 the concluslon of the experlment on 19 Deavmhez 1965.
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‘:- On 16»December 306) tivo of! fhe sheep were given indcctlann éf Ne
o ﬁlethyldlthlocarbamate by means of 8 slow 1ntrawenous drlp. Sheep No.’ 441 F
”gﬂfwas lnjected wlth 75 ml. of a: 4A solution of Na dlethyldlthlocarbamate in an
'*).;equal volumo of N. saline.n bheep No. 961 was glven an 1naection of 150 ml _4;-
_ioi the QW solutxon of Na dlethyldlthiocarbamate in 100 ml. N. sallne.i These
Lwo 1n3ect10ns were equxvalenb to 3 and 6 ems. Na dlethyldlthiocarbamate -
“:respectlyely.~ “The third sheep, No. 420, goted ag a- control and was given an

o »ihjeqtiénﬂéfhlgﬂ ml. Na_sal;ne.“:_ :

: Blood sampleﬂ were obtalned from the sheep prior to 1nJection and then
‘L"B, 7, 24 and 72 hours after 1naect10n.' All samples of blood urine and’ faeces:'5

'obtalned were analysed fnr thoir copper uonccntratlon.,

 Resultes. .

'Blbod COﬁper Cdncentration." 8

The blood coppar concenbratlons of the 3 sheep on b sampllng occaslons -

”f‘are llsted 1n 1ble 93. The tlme eoale used relates to a zero tmme at 1nJectlon.

-:~1able 23 Blood conper conaentratlons (p p.m ) of 3 sheep prlor to and afterj}

1ntravenous 1n3ectlons of Na dlethyldlthioc x%amate.‘

v

'%iyé;.Hi‘ﬁeforef Injéctibnf' L ;g,:énf;;ﬂbuzsféftér Injection -

961 o s R «‘é; 55 | 0 66 069082
f,”iltizii o - o 93_1_; : jf}-;o 76 o 74 .6.79 ;-fo;.-;e;a




"'“1n the total urlnary ewcr@tzon of copper On the day Lollowxng 1naectlon comparedn
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There was a mafked fall in the blood copﬁer éoneentratioﬁs of ﬁhelz‘éwes
-which had iecéived'the injec%ions of Na diethyldithiocarbamate within 3 hpﬁrs
of the time of injection. By this tlmc the blood copper - concentration of- Ho. i
. 961 had f&llon from the pre-lngcctaon ]ovcl af 0.7] p.n.m.‘to 0455 Dapeilts while
- that of Mo. 441 had fallen from 0.93 to 0.76 p.@.m. / v 24 hours after 1naectlon
the bldod Cbppet concentratiens‘of both sheep had risen again to nearer their_ w

original levels and.after'anothor 48 hours they bad returned to normal.

 Sheep No. 420, which had only received an injentiioxix of 150 ml. N. saline
also exhibited a fall in blood copyer eoncentr¢blon durlng bhe flrst hours .;{
" after injection. he fall in coacentr@tion,-haweve;,Awas gnly slight (0.07
p.p . ) and was less. than half'fhat shownzbyl“ﬁeep No. Adi;éﬁd 1@95 tﬁan one
-‘thlrd of “that shoun by sheep Na. 961. Howevnr, At shoved furthar Jlight
-'decre&aes (0.04 and 0 05 p.n.m.) in. blood copper concentr&t:on 1n the samples
obtained 7 and 34 heura respectlvely after inacetlan. Byv7£ hcurs ez:i‘te:.v“:-»?'E
injecﬁion~the blood copper-conaentr tion of sheep Ho. 4?0 had begun to risel“

) tawardq ‘itg orl*lnnl ieVel.

~~ﬁrinary Gdbmer'mkcretion-

idally excr@tlon of copper in the ur&ne are detalled in: Tab?e 94..

ﬁoth uheep inJQCtLd wlth Na dlethyldlthiocarbamata exhlbited 1nereasea

‘“'5fgu1th thelr mean tthl d&lly copppr oxcretlon on the 5 pvecedlng fdaya. &heep_ ﬂ;

el
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. able 94 ‘(-'é,.)x - The. total --;volume of urine(ml) excreted daily?‘by 3. sheeps

L 5 Befura In eotion | :

L pker Tajection <

Moo 1291 3/12 14/12 15/12 16/12° A7/12- 1812 19/12

961" f-‘:263f 350 ‘sso'fi_lgoo?7lij75o" 625 - 400
Lo44r 7 550 350 . 580 . 400 425 . . 460 . 750 -
"l4?O;(dbhtrol)? 425° 775 825 - 675 ML 675 740

(b) Uriné,:y'cé_ppér‘ ‘qbﬁdénti‘a‘.'ﬁiﬁh (@./1001111) '

961 - 16,9 9.0 12.0 9.3 23.0 0 9.8 B8
44 e e 0 30.8 9.8 252 _ 8.6 12.0
420 (control) — 10.4 - ;3,0 .16.5‘-']1’6.77 YWl 13.8 260 -

(c) 'Total urinarv output of o _pper (ug)

961 4hdr LS 1020 18.6 97,5 61.3_:.4'__;5522
44 . - 64,9 42,0 178.6 39.2_“ 107:1° 3946 . 90:0
1420 (co'ntpl_)-, "44._2 ;.oo.a - 136:1 112,.7 A 93,2 ,‘_192.-4 ,

'able 9) I‘aeces dry matter, copper concentmtion and total GOpper content of

3 sheen befora and after inJectlon of Na diethxldlthiocurbamate. T

- No.:. B   ‘-‘.: Faeces di‘y matter({r) | Faecal Cu C.‘ono (p.p.m.)--
| 12-15/12 14-16112 17-19/12 12-13/12 14-16/12 17-19/12 ‘
2;961;f’ -“19 A-31A;2541;,'.g°35 - 3246 f;; 46,7 . 36.4
_;.;..441 177 ,f 250 o ‘ 192 . R 442 : 45;5 R _41_4
4207 125 L1330 233 440 486 435

7. Totel Faecel Cu Content (mg)s - .

| 961 e -
‘ 35441;":1 7.8 -
420 (oong 5.)
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No. 961 had an increased output offﬁoﬂﬁg.'cufwhile gheep Nos 441 had an inerease
in output of 29 ug. Cu. Neither of those increases, however, was statistically -

significant.

Sheep No. 420 which had received an injection of 150 ml. N. saline excreted
“absolutely no urine in the 24 hpur period following injection. On the next
day it exhibited“no-ihcreaae,éithex in urinaxry coﬁper concentration or in the

total amoﬁﬁt Qf cdpper excreted,

Pageal Excretion of Copper.

The faeces dry mat%ér, copper concentration and total amount of copper

excreted by the 3 sheep are presehted in Table 95.

There Qas a siight;reduétion in both faécal copper concentration and the
total emount of copper éicretéd over the 3 déy period following injection
cémpared to the 3 dapreriod yiecedimgﬁ it for_both sheep injected with Na
diethyldithiocarbamate. This occurred forAéheep_Eo. 420 which- recelved the
éontrgl injection of N, galine. No significanee‘can;Atherefore, bé attached

‘to these small changed.

:?éinca the dosage raté& éffNa diéthyldithiacarbamaté uwsed in the present
-exéerimeht had had no’signifidant‘effect upqnuthe rate of excretion of copper
in either the urine or faeces it was decided to conduct a further trial psiné
the same sheep but on this occasion to incresse the amounts of Na diethyl- .

dithioqarbamate administered to 5 times the oxiginal quantities.

For/
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' For this pufpose thé 3 old Blackfacé ewea were agaln introduced to the
g mctabollsm cages on 20 Hanuary 1964 Col]ection cf urine and faeces samples

.was commenced on 2% January and dal1y collections were faken untll 3l Januany
‘ 964. The dlet fed to the 3 sheep was preclsely the gane. as that fed tu them =

during the~fir3tupart,of the experlment in Dggember~1965.~

:On 28 January 1964 ahmep No. 441 (control) was given en 1naecbion of
: 350 mJ. N. Baline, aheep No. 4?0 was’ ;m;]ected -.m,h a aolut:.on o.f' 15 g. Ne. i
dlethyldithlocurbunate 1n 1)0 m1 N. sallne and sheep Nb. 961 received an

' 1naectlon of a solutlon of 50 g, Na dlethyldlthlocarbamate in 1)0 ml. N. saline.\

Very shortly after r@oexvang‘lts inaectmon of 30 g Na d;ethyldlthlocar- o

qumate aheep No. 9(1 began to show signs of stress.~ I%s resplratory rate -
_.ﬁlncreased rapidly and 1ts head hung forward and rolled from s;de to 51de.,‘
By 3 hours after 1ngect10n 1t had recovered domewhat and appeared normal apart

'from 8 rapld heartbeat. After a further 4 hours lt had col]apsed and WmB

i\breathlng vory rapldly.; It eventually died about)?4 houra after 1naection. _};f~f

"f?ost mortem examinatlon showe& marked pulmonary congestlon &nd oedema. Hild
eplca dial petechia were also found. uheep No. 420 whjch had heen glven 1) g.vp‘_

N, dlethyldlthiocarbamate showed oimilar Blgns of stre s shortly aftor 1naeut10n‘f

“to those exhlhlted bJ sheep No. 961.J Its 1e& 1raLory rate 1ncreased but not
f;so markedly as tha1 of No. 961. By 3 hours afLer 1naect10n, however, 1t had
.~comp1etely reoovered.v Sheep No. 441 (control) showed no obv1ous signs 0f~ trcss{

.‘-;for dlsoomfiture aftor receiving the 1n3ectlon of 1)0 ml. N. sallne.,ﬂ

. ﬂﬂ§ﬁl§9&/ EE




Blood samples wern agaln obtalned before inJection and (where p0581hle)
- at 3, Ty, 24 and T2 hoqrs after 1njegt;on. All sampleq of blood, urine- and .

‘faeces obtained were analysed for their copper ‘concentration. s

' Reéults;

‘Blocd quper Goncentratlon
The blood copper ooncsntrat:ons of the 5 sheep on- 5 qeparate sampling

- ocoasmons are- detalled Ain Table 96.7 A#-?">

Table Qﬁ, Blood copper ooncentlatlonb (p pom.) of 3 sheen prlor t0 and

after 1nqect10n of Na dlethyldithiocarbamata.l

gg;. | ﬁefére.igjégﬁiﬁﬁni o Hours‘ﬁftér-injéction‘ '

961 1:12* . o.e8 0.97 © . Dled  Died

420 ; 1. .12 T 0,93, o 82 .07 | 1.01. .
.','_441 (control)l 50 '4_1.37' R L 1.\56-:"_; LT

As in the ﬁrev1ous-éxper1ment the blood 00pper concentratlons.nf ‘both sheep.
: 1n3ected w1th Na diethyldithlocarbamate fell sharply within 3 hours of lnaectlon.
~%he blood copper ooncentmatlon of sheep ‘No. 961 fell from the preuingeetion

. level of l 12 to 0. 88 Do p.m. and that of sheep No. 420 fell from l 12 to 0 93
.ip.p m. After a further 4 hours the blond copper concentration of-sheep No.‘ -
‘961 ha& begun to rlse again towards ite- Orléin&l level and was at O 97 p Pellte - =

\H-In the o%se of sheep Nb. 420 the blood copper concentlatlon continued to fall f
‘ durlng thls perlod ) that by T hours after the tlme of 1naect10n it was ab

-"O.Bz,p.p.m. No further sample wag obtained from sheup No. 961 but the o

:_blood/
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blood copper_eoncentrétion of sheep No. 420 bad-riaen to its original level

by 24 houfs after injection. This level was maintained over the next 2 days.

Sheep No. 441 which had received an injection of 150 ml. N. saline exhibited
no reduction in blood copper concehtration during the first 3 hours after

injection. fthere was in fact a glight rise in its blood eoppef concentration

. during this period from 1.30 to 1,37 p.p.m. However, by 7 hours after

injection its blood copper concentration had fallen to 1.19 p.p.m. This fall

in blood copper canaentraﬁiqn was less than half that exhibited hy the 2 gheep

- which had received the injections of Na diethyldithioc&rbamate. By 24 hours

after injection of N. saline the blood copper concoenbration of_sheep No. 441

had retufned to its pre-~injection level at which it remained during the

succeeding 2 days.

It is worth noting thet at the commencement of this part of the experiment
ﬁhe Blobd coppex concentrations of all 3 sheep were about 0.30 p.p.m. highex
than they had been when*housed-initially“at the beginning of D@cemher 1963.
Prior\to having been broughi indoors for thisvexperiment in Deéember the sheep
had heen feeding-on pasture where their blood copper oonoéntrations had renged
from Q.77 10 093 pepeiia After 5 waeks indoors during which time fhey wene
fe& on hay and conéentratgs their blood copper_ooncentratidns‘rangedAfrom

1,12 %0 1.30 pepsm. - Bden (1944) found a similar inorease in the blood copper

concentration of hill lambs after they had been housed for 3 wesks.

Urinar



Urinery Copper OoncenﬁratiOﬁi e

The total volume oi urlne excreted, 1ta coppor goncentratlon and the total

;"daily excretlon of copper are detalled in Table 97+

The 1n3ections of Na dlethyldithiocarhamatc had no effect on the urlnary R
'excretlon of copper 1n either sheep. The toiaﬂ outpuu of urlnary 00pper

lexcreted on the day follawxnn the. 1ngectlonq was no greater than the mean o

o dally excretlon durlng the precedang 6 days. Neither wa 'thera any increase“iﬁ

in the amount of" urinary copper exoveted by the control sheep No. 41 on the L
day after it ‘had been inJected with 150 ml N. saline’ compared wzth the mean . i

daily excrotlon rate for the pre_treatment per"od. ‘}1'1;S223h1 a

T Paeonl debérfﬁxcieﬁion:
‘QThe.faéces dry matter copper concentrat;on and botal amount: of copper :<1;.

'xfex01efed by the. 5 sheep afe pxesented 1n Table 98.

There waq a mérked decrease 1ﬁ the tétal daily-egcretion of copper iﬁ §
the faeoes by sheep Nb. 420 over the 3 day perzod folJowung 1nJcction compared}i:
?to the mean da;1y output of oopner duzing the 6 day pre~tveatmenb perlod. -
_1Ehxs decrease was not due to a drOp in the faecal copper concentzatxon but toffi;
":a drop 1n th@ total amount of faeces excreted., ”he decrease 1n the amount

'fof faeces exereted is almost certamnly athrxhutable to the stresm caused to

L Athe sheep by the 1nJection of 15 g Na diothyldibhiocarbamate.

Eithheéﬁ/ :




?fi[~(control)

“ ‘-@ontﬁ

”%f:Table 97 (ai_ The total vclume of urine_ﬁ_l) excmeted dally by 3 sheep, o

‘-—J—-”In oot “ - S
'-,i¢¥1261;7 27/1 28/1‘5 29/1 30/1 51/11,;*;_”“

900 70 7s0 il
| *'fooi Cgo0 ees

Caeo 15T 560, 500 6757 )

44

'}5@fi3&)¢117 317;@ir7f?

a0l ena 109 93 15,6 10,87

s as 4y 0.7+ 2. 3 8 12 8

. {control) '

(¢)  Wotal umna,ry ouﬁput of c,oppcr (ugf)

. 961 69.5  46.8 60.) 54 786 59 4 )0 0: . “
: :-420":.  lv.9.’7 , 1075'.‘8 69 8 306 0 2()) 9 64..3 79 o 1'20'1_,‘;;'; 78.‘8

M1 104 19.2 THI 0.9 150.5 140.0 75 6 96T 525
: (contj;'o'.}.) o R e IR

-Table 98 L‘aeces dry mattex, (.oppor vonoentxatlon and total copper oontent of

3 8haep bafore and al tei 1ngeot10n of N dxathjldithmcarbwnate._

. 1.1\'!(:_;_'2.{"‘7:?.; I'aecee dr‘,r matte:‘ ( ) S T'aecal Cu G‘onc(ppm) ‘l’otal faeca.l Cu content

- ng
| e 35~25 27~28 29-31/1 23224 2;—?6 °7~28 °9~31 2)*?4 25:26 27=20 29-31
961 250 300 -;279" Dead 23 6 51.3 55, 5 Dead T2, ;1 e 9.6 Af‘ﬂea<

- :».:3420_,'(1 240 : 225 200 1 57 8 41 9 4‘?; 61 48.1 _;.;

'-'?91 94 Bb
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:7-bheep No. 961 excreted no faeces f0110w1ng the 1naect10n of 50 & Na dlethyl-.~
fdlfhlocdrnamate.ﬁ There was a sllght 1ncrease 1n the faecal copper concentratxon

=%;and the- total copper output of sheep No. 441, whlch h&d heon 1ngeeted w1th

150, ml. N. ﬂallne, on the day ;ollowlng 1naection eonpared with the contrcl

_:_poriod. R

Thus the 1ndoctions of from 3 - 30 gm. Na d;ethyldmthiocarbamate effected
iflibtle or no increase in urlnary copper concentration and no increase 1n autput

”;iof copper in the faeces. “ha most. notlceable effect of these anGCtlonS was

: jth@ sharp aeoraase 1n b]ood ccpper Boncentrptmon found withln j hours of

'?adminlstration of . the 1ndectlon. o

A,




328,

Experiment 15(a). The effect of intravénqusAinjections of IDTA and

Penicillamine on the output of Cu and Fe in the urine

of sheep béingidosedbwithAcopper gulphate.

Eﬁrlier experiments described in, this section (Nos. 13(a) and 13(h)) have
shown that intravcnous 1njectlon of EDTA caused only &-Slleht increase in |
t‘the urlnary output of GOpper and that this increase in. output was due o
largely to the Jncreaved volume of urine excreted. Penxcillam;ne injections
on the other hand eficcted malked 1ncrcaaos in urlnany coPper coneentration
and total copper output without pxoduclng any great changeq in the tota1 volume :
of urine excreted.- Theoretically FDTA should chelate ferric iron (Ve 5+ ) in

preference to the cupric ion (bu? ) since the complex formod between IDTA und
jzﬁes

Gu2+. The uptake of cuprlo ions from solution 1nto a complex is governed by

ig less dlssociated (or moxre utable) than that formed between EDYA and

the -ionisation constent of»tha meualmblndxng groups of the cpmplexeforming
ligand ond the stability constent Qf the complex formed. Thﬁs the presence

of metels other than eoyper, especlully those which form« more stable
'complexes, would 1ead to competition for hlnd1n9~sntes and congequently decrease

. the amount of coppexr complexed.

P >t and Cu2+

It was thought that compotltlon m1ght he occurrlng'betwcen
in the bloodstream for sultable organio ligends on the 1ntravenously injected
EDWA. Gonsequontly i% waa declded to 1nvest1gaﬁe the effect of intravenous
injections of EDTA on the ontputs of both chper and 1ron 1n the urine, Ib

_‘waq felt that a similar inveatlgatlon should he undertaken with regard to the

'effact/
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{feffect of penicillamlne inaeotlons. "ﬁié work formed the baqié of the preséﬁtf
;experlment.‘ It was. declded to-: dlscontinue the collection cf fagces since
- previous experlonve indlcated that the inJeotions uged had little or no

effect;on faecal popperjoutput. -

Pour Bldckface ewe hoggs vexe used ln thxa experiment., Thé&'Were plqged_ :
in- metmbolism cages on 24 Ma*ch 196), and 1e ﬁ there for a setfiing in nériéd';
~?of me?e than a wenk. The Gheep were helng xattened on & 1argc1y cereel b%sodff"

dleh and Ahis waa fed to thnm ad lnbs Durlng the acclmmétia&t;on perlod two
 ;Oi the sheep, Noa..848 and 8309 Wore to rooelve 7 daily doses of 1 g« Cua04 bH O

whllo the othex twu, Noa. 8&1 and 868; were to act as conurols. Unfortundtely f'

the last dose of 1 g. Cu 004.)H 0 was given- in- error to the two control sheep. -

= . Qhus shecp Nosa 848 and 8“0 reeeiVed 6 a. supplementaly ooyper bulphata and

'ﬁxahebp Noa. 841 qnd 868 rccelve& l g. supplemenﬁary copper sulphaue. s

The fxrst coljecrion of u;lne was made>on é Aprxl and Daily colleotions_wu»i
were. takeh thereafter until Lha termlnatlon Of tho experiment on 10 Aprll 196).
The four heep recezved thelr 1ngect10na of hBTA on’ 5 Aprll and of peniclllamlne f
; lfon T Apr11 1965;_ The 1nd1v1dua1 1iveweights of the four sheep and tho dosage |

';rate of bDTA and peniclllamlne adminlatered to eaoh are dctailed 1n Table 99.




" Taple 92. Livewelyht and dosagg rates of FDTA and penioillamine adminlstered S
' A - o 4 sheeg.f SRR IR o T

. i:ié.' imount of Cuso; ALiyéy;_?c(lbé)l .. EDmA (g)  Pemicillamine (mg) .-

“given (g) ‘*.

Cem . 1.0

Blood samples were obtained from tho four.»heep on 6 oocaa;ons throughout ;f:
iithe cour&e of the experament.l Theae were anaiyqed for tholr whole blood |
;coﬁﬁer conéentratlons.;'The whole lxvers of tuo of the sheep (Noﬂ. 841 and 868)
"‘wexo obta&ned at the termlnatzon Qf the expnriment and Lhese wore drled and
”analysed fov thelr QOpper and 1ron concentxatlans.‘ All urlne samples obtalned ?’

vere analyqed for thelr copper concentratlon.lf

Bﬁ§91t§;~’

*V;ﬁlobdaboober Gohcenfration. B

Tho blood copper concentr&tmons of" th@ four sh9ep on six sepaldtc sampllng o

";ocoablons are” dotailed in iable }OO.

Cfable/ .




“Table 100. Bleood copper concentrabions (b.p.m.) of 4"sheep bhefore and after

injeetions of EDTA and penicillaming.

EDDA ingj. Pen, inj.
No.  24/3 LY/ A7) 7/ Y/ 13/4
8L 0,98  0.89 1.0 0.87 0.95 - 0.98
868  1.29 0.96  1.08 0.93 1.00 1.48
848 1,00 1.25 1.54 1.20 1.29 1.14
850  0.94 1.05 1.15 1.04 1,09 1.06

The blood copper concentrations of all four shégp had elevated values on
ihe déy following EDTA-iﬂjection compared to the pre~injection samples. The
increases vanged from 0.10 to 0.29 p.,pem. This is contrary,fo-previous
findinge which showed, almost Qithout exception, that thexre was a reduction
in blood copper concentration on the day following thé intravenous administra«
tion of EDTA. The blood copper concentrations had sll returned to their -

pra-treatnent level by 48 hours sfter injection.

On‘the day following the adminisgtration of intravenous penicillamine all
4 sheep exhibited slight increases iﬁ bload copper concentration venging from
0,05 pap.ins 0 O.Q9 Depeie Thisg finding is more in accord with that-found
earlier (ExperiMent'lﬁ(b)):wheﬁ elevetions in.blood copper concentration were
found fox 3 of 6 sheep-which had been frested with~penicillamine.'vThe other
”§.sheep in that experiﬁént had shown only nég&igihle redﬁctions in blood

copper concentration.

Urinazy/
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Urinaxy Copher Concentbration.

The tot&l dally volume uf urlne excreted, ite ccpper eoncentratlon and
_tho total daily cutput oi cogpor 1n the urvine of thc four sheep are detalled

“in ‘.i‘eble 101.

The total daily output of QOpper (and of 1ron) in the urine are presented »
.dldgramatically in Fia. 50.7“0n1y two of bhe 4 sheep - Nos. 850 and 868 -
"exhiblted any 1norease in their output of urinary copper follow;ng the 1n3e§£ion“
*iﬁ'of EDTA.' The 1ncrease in output for sheep Yo. 868 (94 ug) whlch had recelved '
2 was highly 31 gnificant (P<:0 Ol) vhereas that for
sheep No. 850 (172 ug) which had received 6 o supplementary Uu004, was only

gusb sxgnifleﬁnt (Pdlo 05) “There was nm ehange in the leveﬁ of Uvinqry copper

‘ outpuL by sheep No. 841 (1 Se addltional Gqu ) but there w&s a dlctlnct

:;Qg decreaae in. the total amount of urlnary coppcr exorefad by sheep No. 848‘

| 13;(6 g additxonsl Lu%O ) on the ddv followlng Lngootlon compared to tha

::fmean output fOL the prev1ous 4 days.

On the day fOllOWLﬂQ mhe intrdVPnouo 1niact10n of peniclllamine there
"(were maxhed und hlghly s;gnlflcant 1noreusoq 1n oﬁf@h%yof urinary copper by
_rall *our sheep.;'whase 1ncredses ranged frOm 766 ug fmr sheep Ho. 841 (] g.

o addltaonw3 GubO ) to 1)2? ue for qheep No. 868 whioh hnd QloO rucclved 1 g. .

?-supplementary LuSOéﬁ

'?L}urlnary output of copper hy &11‘4 Sh@ep hdd ret“1n9d to Th@ “VeanQCtlon :

fhsthln 48 hours oi hawung reeexved 91th9r 1njnction theu P

| :level/




.- Dable 101 (a) The'totéiivﬁiﬁhé:bf-urino (ml]5ei6reﬁed’&éi;yb

S/ ls T/aV 8la
400 460 815 455
325 380 280 435
320 300 370 440
575 1200 950 1190

v Urina:y’copper_cohdentrationé (ug/100 m1)

62.0 50.4 18.4 216.0

35,3
49.6 27,0 234.0
42.4

116
50.8

| Moo Bxtra Cus0  2/4 34 A4
8 10 925 775 870
868 1.0 400 425 530
848 6.0 380 - 390 © 760
850 . 6.0 1450 1500 1760
B41 1.0 45.2  11.6 20.5
868 = 1.0 32,0 31.2 25,6
848 6.0 48,0 38.447:0
850 6.0 34,0 - 21.2 14.0
(e¢)  otal urinary outpﬁt of
81 1.0 418 90 178
868 1.0 128 133 136
848 6.0 182 . 150 . 357
850 6.0 493 318

- 246

copper (ug)
248 232 150 983
115 222 97 1730

229 149 100 1030 i
292 509 243 1007

5844 " 34.8 397.6

25.6 87.6

© EDTA inj. © Pen. inj. -

/4

410
960

29.0
61,0

"57.6
26.8

13
207

236
257

250
540 -

IR

";élé

500
480

250

850

23,0
49'6.

-48.0

20.8

115
238

120

177
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-1evé1.- This experlment has agaln demonsirated that penxcillamlne ia vory much:

*-1more efzeative than LD&A in increa91np'the urlnbry ‘output of copper._

"The total 11VCr~copper oontents of - uheep Rbs. 841 and - 868 and the effect s
- of the 1ntravanous ¢naect10ns of FDTA aﬂd penlcillamlne on. thelr urlndry

ﬂ:outpu+s of copper are presented in Table 102.7"“

\Tablé 102, The total 11Ver-conper oontent of 2 sheep and the invreqses

in’ output of urlna coppor followlng 1ntravenous 1naect10ns 0¢

chelating. dgentsg‘~‘”f e

No. -Additional CusS0, ~ Total Livex c;u" ‘:Indreaése‘(-aéf'de‘creasé(-)‘ “Inéresse in’ Cu

g h Co(mg.) o dn Cu exorvetion after - - following pen.
S CEDTA G (ue)
Bl L0 e i }ﬂf'f'f--{';_', m ST res

068 o 10 43;7‘ ,:*.1‘15>1L:;>._.+g94f; B ::‘ 1527

“Phe 1arger increases were recorded for the sh@ep (No. 8(8) w1th the hlgher

j‘»total-llverncopper«content. Thxs 13 1n aceord w&th earllcr flndlngs. These

N,fredults w111 bm dlscussed at the end of thxa sectlon in an atbempt to dlscovor i;
a relatlonshlp betwsen tobal 11ver-copner content and 1ncreaged output of

copper 1n the urlne follow;ng 1naect;on of. chelatlng agents.,”~*‘-

‘Urinarv»IrOnVConcenﬁraﬁionp‘1 3

Th@ conoentration and total dally excreflon of 1ron in the urlne of the

. four: sheep axe pre ented in Table 103.‘“‘




~ feble 103 (&) Urinar&’irdﬁfconcenffdgibﬁ 100 ). ;‘A;Lf_,

Extra, caso4‘
iVen
841 1.0

868 1.0

848 ‘_6.0

T80 - 6,0

'26.4h 23:2

3844

26.4

76.0 70,0 51.2

32.4
3244

3844

14.0 14.0

88.8 429,2
70“0150906

67.2 350.4
44-3 156‘4

EDTA dnj.

Eggi-jigla :

o/4

j-536!::

1Q[§.' s

2.4
79.2
44.8
32.4

57;5 ]70;0

544
20.0

48.0

20.0

(b) _Total urinary oubput of Iron (ug).

B4 - 1.0
660 1.0

848 - 6.0

L850 6.0

204
304 290

- 146

126 292

203 | 486’ 246

‘271f;.'

1974

) 1051

1936

166

1877 308

<264'

222

262

264 - 291

211 223

175 .

57.6
40.0

52.8 -

28,0 .

1288

‘192

132

238
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Duriﬁgfth§_4'day pre-~trectment pericdfthe’lével of ivon in the urine
remained fairly constant within the range‘of»aoo -~ 300 ug. There was a
“spectaculaxr fiée in the total amount of iron excreted by ell 4 sheep during the
24 houx perio& impediately after the administration of the EDTA injec%ions.
These increases in iron excxetlon ranged from 8)6 ug. for sheep No. 848 (Gg.
extra CuS0 ) to 1722 ug, foxr aheep No. 841 (13. extra CuS 04).' Within 48 hours
-of having rocelved thellnaeetions of EDTA the ounput of urlnary iron hed
returned to ﬁhe‘prEﬁinjectionflevel of aiound-zﬁo ug. for all four sheep. The -
output of urinery iron wes meintained at this level over the following 4 deys
despitqathe fact th&t'duriﬁg thig péyiod all 4 sheep received injectiong of
- penicillamine. 'The penicillamine~injecti6ﬁs,~therefore, did not influence

the urinary output of iron.

The pattemm found for uwrinanry iron exoxre tion in this’ experlment is,
therefore, the converse of thatb found f0r oopper exqretlon. The injection of
pcm:i(::J.llam:i.n-a cansed large increases in wrinary co@ber output but had nb effeqt
on 1r0n outpub whereas thc inaectzon of EDTA. nrcat]y 1ncreased -the level of
iron excretion end’ only produced relatlvely much esmaller increases in copper

two of the four sheep and had no.effect on copper output in
outpuq/in the other tuo sheep. From these resulis, therefore, it would appear

that iron in the bloodstpeam is being chelated in ﬁreference to copper by the

EDTA injected.



‘- q,J:conoentrabe. Thls ratlon was’ fed ad 11b;ﬁwﬁ

338,

Exporiment 15(b). The effect of intravenous 1nject10ns of BDTA and. Penicillamlnev

on the output of copper, iron and “zine in the urine of sheep -

beiﬂg doaed each day thh GODper sulphate.f

‘e precedmng experlnent (No. 15(a)) il]nstrated the dlfferang Speclflslﬁy

-of the two chelatlng agents u edAf0r~oopper and irnn.. It was-declued tc conduct V

- further trial wlth 2 view to establlshinn that this was o oonsistent pattern ofz;V

“ minexal excretlan fo1lowing the 1ntrmvenous admlnlstratlon of these two - chelatlng

uagents. . s f_f
The ingcsbxon of 21nc hasg been fbund to reduce. the upﬁake ond utlllzabion of
- icopper by the rat (%mlth and Lmrson, 1946 and Gray and Ellxs. 1950) : lels (195))»;

has postulated that thls nlght be due to competition between these two elements -

e

".«.

‘ior suitable blndlng 51te& on organlc complexee in which form he suggeshs copper fﬁ;
QA}mn moxe - readily abqorbed.n Thus an lncreased cencuntratlon of zmnc 1n tho d;et |
':fmight roduc@ copper absorption by oocupylng a greater proportlon of The sultableivﬁ

snlc lzg%nds thus reduclnw the amount of" coppar which is complexed; iﬁ wns,
therefore, thought thau lt wou)d bo Jnterestlng to study the compardtlve wates
-:of excretlon of copper and zinc in the urlﬁé foilow;ng Hhc inLravenous inaeetxon

f:of chelating agsnta whlch would‘prov1dn sultable sites for comblnatlon w;th

- these metals..

ulx Blackfaee ewe hoggs wele used 1n thls experlment.i Lneqe wero being
'f»;fattened on ' ceroal bascd ratlon consxsting oi 80% barley and 20% o aﬂpratein‘

: The 6 sheep were plaeod 1n metabollsmjff

’ T aﬁes on 12 Aprll 19Gb and left fur a four day accllmatlsatlon peflod._ Two of the
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aheop, Nos, 848.and 8)0, wére to be used ag controls and these were given no |
‘Bupplementary oopper A second pair, Nos. 81? and 887, ware to 1ecelve T daily -
_fdoses of 1 g Gu&O 5H 0 whlle the remainlng 2 Sheep, Nos. 808 and 884, were to |
- be guven T dally doses af ? g. Cubo SHQO., The upp]ementary eopper sulnhate

3jffwas given in solutlon by month between 12 and 18 Aprll 1965. i

Bo]lection of urlne was commenced on 16 Apxil and contlnued dally until the 
- ;;0onclusi0n“Qf the’ experimcnt on 25 April 1965.~ The 6 sheep were glven 1ntra~‘

V.venous 1ﬂgectlons of bDTA (1{ /301bs. 11vew91pht) on 19 Apr13 and of peniclllamin

‘(150 m, /15 lbb. livewaight) on 22 Aprll 196).

Blbod*saﬁpies weie obﬁaine& from all 6 sheep immediately;pribr ﬁq‘hoth
iﬁgectlona and agaln on- the day afher anectlon. the whole iivers wéfe obtéihédﬂ
»-irom all: 6 sheep at slaughter on 27 Apvil 196).‘ All gamploa of blood, llver andf
’furlne obtalned were anslysed for thelw copper and zron cencentrat10ns.~ In_ -

Vadditlan all urmnp samples were analysed for Lheir ?inc concentratlon.

“‘quod'GS@@ér*Gonéemt:&tian ‘.2

The hlood coppar concentratlons of the 6 sheep on ﬂix aeparate sampllng
--‘;ocea31ons are 1lstod 1n Table 104. Thls aiso d@talla the Jiver dry weights,

-~copper conoentrwblons and total llver-copper contents of fh@ ( sheep. |
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‘ﬁhble:iﬁ4 Blood copper concentratmons (D p.m ). lxver dry wts.(g)L,liver— x,f

. cqpper concentrations (ps p.m.) and totaﬂ livex-copper contenta (mg)
of 6 shpeg. 9;ﬁgf@_‘ ' ! ‘
B e Blood':ﬁj"‘ég“: e Liven
. fxﬁé, :Addltlonal 4[5 2[4'; [& [&\’ 5[& EZZQ' an,wt. Gu Conc. Total Gu
GuSO4 Ié; SN , R 5 ,v___.?,ncontent ‘

}B4ag“fa,;"‘ _4*1;0.- 1;12 1,08 1§Q7f£1;08. 1.20° - 184, ~,306.0. ‘56.5¢jf[
850)“ ©0:94 0,98 1.02 1,19 1,24.1:25 198 440. 5 872

81?5 0,90 0.95 0.97 1.0571.00 0,99 : 228 53.2  121.3
ge) 10 11208 1.24 1,12 L1 2,20 ‘1.61 178 . 928.8  165.3 -

“éoe'—iig;o? ”a1.17@_2q44’-1 98 2, 95”12'50 1428 146 1387.8 . 202,6
864 ’ 114 1@59 1. 69 1 n '1i73\ 1.84 .. 98 21312 208.9 -

_ Table 10) (a) Tha tobal volume of uzlne (ml 'excrmted dqil-.:

. o EDim.lnj.> -~ “Pens_inds S
.lif.q Additional 16/4 1[4 18/4 19/ v 20/4 2/t 22/4V23/ 28/4 25/4
: _ CuSO4__(_&) : e LT T o

a4 - | 250 250.1_396 300 ?_'329”_7opf 825 : 725',‘4;0“1;500 ‘1 ;
‘359 : ?70; - 1900l§112§;ff800 840 "1860f“7855:'370’ 270 250 530

| 4'612_;'7.0. }-f*'ii5b_.;é%§7 1260 1360 1360 670 1040° 1120 750 975 -
887 . 525 545 © 565 400 .375.320 - 240 440 265 2707 -
o8 1115 950 1075f_i700“’"1325j1650 1575 1130 1475 1780

- eag MO 290 * 675 1700 400 - 405 440 810 710 430 285

Pran
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'Iable 105 (b) I}‘mnaxy copper concentratlon (ug, /100 ml. )

S EDTA Ind- Ten. Inj.

No. 'Addltinnal 16/4 17/4 18/4 19/4‘L20/4 21/4 _,JQL¢Z;214 24/4 ,JuQL
‘ Cuso £us0, {g) ‘ i

848 010 “99.0? ,42.0 50;0,34,4 _62.44 26,0 21.2 128.8 44.0 34.4

850 139.0 1 34.4 3142 12,6 22.4 15:5 22.0 41,2 23.2 23.6

812 -‘ ‘7‘0‘ 85,0  35:0 37.0°35.2 -29:0. 30,8 21.6 159.6 35.2 30,4

807  139.0 -123.2 101.0138.4 68,8 41.6 42.0 352.0 B87.6 60.8

808 1#‘0 184.0 140.0 154;Q353.o'158.4A 96,0 84.0 356.8 80.0 72.0 .

884 | 278.0 161.0 308.088.0 153.6 115.0 298.0 656.0 216.0 230.0
(e) Total urinary output of copper (ug)

:848 0.0 248 9T 145 105 200 182 175 934 180 103
850 ' 351 409 250 106 193 122 81 111 58 125
812 7.0 955 445 429 479“"400_,,206_ 225 1788 264 296
B8y (730 6TL 571 554 258 133 101 1549 232 164

- 808 14.0 2052. 1330 1656 g4§5,'2099 1584 1323 4054 1180 1282
884 C . goé 1087 2156 1192

622 506 2414 4658 929 656
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‘three of the sheep (ﬁos. 812, 850 and 884) exhibited slight increases (of
up 1o 0.10 pe.p.m.) in bldod copper concentration on the day following the
sdninistration of EDTA. 'The remaining three sheep (Nos. 848, 808 and 887) all hs
reduced blood copper concentratlons followlng EDTA tredtment.~ The roducb;one
ranged from G.10 p.p.m. for sheep No. 848 to 0.46 p.p.u. for sheep Hb. 808.

The falls in the hlood copper cdneeﬁtrations of sheép Nos. 887 and 808 might
pogsibly have been occasionad by the fact that dosing with 1 and 2 g. respectivél
of copper sulphate had been discontinued from the day on vhich they had received

their injections of EDTA.

Mo change was obseried in the blood coppar concentrations of four of the
6 sheep on the day‘after the administration of penicillamine. One sheep (No.
887) showed a slight rise (0.09 pep.m.) in blood copper coneentratlon while
the last one (No. 808) exhlblted a fall in blood coppex . eoncentratlon of O. 45
pepem. Sheep No. 808, however, had an exceptionally high blood copper concenires
tion (2,95 pepem.) immediately before injection and consequently the fall during
thg next 24 hours might have ocourred naturally sinoe‘COnoeﬂtrations of this
magnitude are rarvely maintained for any length of time even in sheep apprbaching

death due to chronic copper poisoning (MacPherson, Brown & Hemingway, 1964).

Urinsry. Copper Bxceretion.

The total daily volume of urine excreted, its éopper'concentration and
the\total daily output of copper in the urine of the 6 sheep ave deteiled in
‘Tabié“lDS. The total daily output of copper and iron in the urine of the 6

sheep i9 presented diagrématically-in'ﬁig. 3.

Tile /
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-The bfe;lnaection ievel of urlnary coﬁper e#eretion varxed thh the tieat- N
? meﬁt given to the 3 groups of sheep.i The two control sheep (Nos. 848 and 650)
;_excreted about 200 ug/day,- the two Bheep (Nbs. 812 and 887) whlch were recelving
:1 g. supplementary copper sulphate per day exoreted Just ‘over- 400 ug/day whlle
_the remaxnxng 2 bheep (Nos. 808 and 884) which were beinb do&ed dally’with

A

'\“2 & CuSO .)H o had a mean output of over 1400 ug/day._

42

‘1A In prev;ous experlmentg (Noa. - 13(&), 15(b) and 15(&)) 1ntravenous .
";lanaections of hDTA had always efiected an increase in output of urlnary GOpper
V:ln at leqat some of tho 1nJected sheep. In contlast in thls present experlnent '

-}h:“there was no 1ncreaaed output of urlnary copper by any - of the 6 inaected sheep.5f

The ingections of penlcillamlne pxoduced manked and hlghly sxgnlflcant

1ncrease in the amount of copper exoreted iﬂ the urine by fiVe of the sxx

T;Qfsheep. These 1ncreasea ranged from 770 ug Cu for sheep Nc. 848 to 3409 ug.

'-‘to the pre-lnaectlon 1eve

1+:;for sheep No. 884. The urlnary output of copper by’all flve,sheep had returned i

| ithln 48 hours.‘ The other sheep (Nb. 850), howQVQr,,

;”exhlblted ng 1noreasa in urlnary oopper output followlng the admlnlstratlon';,#:f

of penxcmllamina.i_lt dld ‘ave an elevated urlndrv copper cancentratmon but

{¥thls was - ofiset by a;reductlon in the volume of urine excreted.‘ In the previous-f

veﬁé'copper output aft_

~"?iexper1ment (No. 15(&))‘thlsvsame sheep hadfkhcwn o marked 1ncr9ase ifiurinariﬂnra'

1The relatlonshxp between the

Treatm@nt w;th penioillamin

: fiincrf‘saiin amount of copper excreted following penxcil]amlne 1naections and

fthe""total 'lver copper';

“ntent of th G#Sheep wlllibeidlscuased at the end of
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- Table 106 (a) Umnqry Iron G’oncentratmn (ug/lOD ml)

, ]‘.‘JDTA ln,‘!. ) ’ Peno in'io s -
No. Additionel 44 17/4 18/4 19/4*’20/4 91/4 2?/4 25/4 24/4 . 25/4
L le)

848 :_616:;5 113.2-104. 0 110.4 94;8'6575.ot82.4' 67;2'=54;4~i44.8‘ 1320
850 T L 3204 2644 51.2 26.4 248.8.51.2  64.0 - 57,6 54.4 . 67.2
812“7' 57.0~ B85.6 38.4 32.4 35.6 181.2 64,0 41,6 38.4 60,8  48.0
887 . 5746 48.0 -44.8 48.0 422.4 91.6 T6.0 67.2 Bhad 732
éoa‘ 14,0 480 ¥41.6V 38.4 512 113.2 44.8 36.4 64.0 ' 32.4 35.6
884 : 35,6 38.4 - 5L.2 57.6 651.6 76,0 60.8 54.4 41,6 48.0

(») ’ _ 'l‘otai urinar_t} output of i;t'on-(ug)
848 ;. 283 239 320 28421045 517 554 394 104 396

-850 . .292 314 410 222 2140 - 402 237 156 136 | - 356

812 '7;6 | 984 488 376 484 2501 429 433 430 456 468

. 887 302 262- 253 192 1564 293 162 296 144 198
808 3,0 935 395 413 358 1590' 739 605 725 478 534'

884 - 103 -259 358 »230-:_ 2639 334 . 492. '386\ 179 157
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Urinary Iron Bxeretion. .

~;5 The cOncentratlon and total daily excretion of iron in the ‘urine by the

“6 sheep are presenteﬂ in: Table 106.

Ovor the pre-inaectxon perzod éf 4 days‘the level of iron. excrated 1n ‘
the urine’ of the 6 sheep varled between 200 to 400 ug. daily., Follow1ng the .
r_lngectlons of EDTA there was a marked an& hlghly slgniflcant 1ncreuse in .
urlnary Fe eXGretlon by all 6 sheep.» In the case of sheep No. 848 in particulafg
“ythis~1ncrease was of massive proportlona. It excreted 21 mg. b compared to a
nean prewlnjectlon excretlon of 0 28 T /Bay. The 1ncreasea 1n 1ron output | |
by the other five sheep were not 80 gieat hut they ranged from 1075 Fd for sheep.
‘Wo. 808 to 2400 ug. for sheep Ho. 884. vuthln 48 hours of inaeotlon the.’ ‘
output of iron.ln the urine of all 6 sheep had returned to the pre-xnjectlon *
level. - The 1n390t10ns of penlelllamlne agaln produced no effect whatsoever on

. PO

L the output ‘of iron 1n the urine. _ff

.- Urinexy 2Zinc Concentration.:

The concentration and total daily excretzon of 21nc 1n the urine are » ' t

detailed in &able 107.

The total daily output of ‘zine- 1n the urlne of the six sheep during the
pre-lngectlon perlod ranged from 0 18 to l 77 mg. wlth a. mean daily exeretion fi
';fof 0.69 mg. "There were marked and hlghly blgnlficant 1noreases 1n the

:output/ T
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EDTA in.1. Pan.inj.
No. Addltional 18/4 1azi~ M1 21/4 22/4~23/4 Mi y ;
Cuso* (g)
846 0.0 569.0 371.0 611.0 402.5 2358.0 299.0 152.0 347.2 196.0 351.0
850 86.0 61.9 212.0 68.8 1830.0 n.d. 102.0 334.8 258.5 72.0
812 2.0 59.0 41.3 39.0 48.0 1080.0 230.3 68.8 317.2 89.4 174.0
887 65.3 41.3 34.4 113.5 3520.0 440.0 172.0 481.3 123.8 096.3
808 14.0 141.0 89.0 56.5 58.5 909.0 105.0 n.d. 158.0 62.0 ¢5.5
884 88.2 44.7 379 44.7 3194.0 n.d. 68.7 199.5 152.0 72.2
w 1 Total urinary output of sino Lirg).
848 ;0 095 0.85 177 1.17 7.10 210 1.20 2.50 0.80 1.05
850 0.77 0.74 1.70 0.57 15.70 n.d. 1.02 0.91 0.65 1.55
812 70 0.67 0.52 (045 0.66 14.90 1.60 0.72 3.50 0.67 1.70
887 0.34 0.23 0.19 0.45 15.20 1.40 0.41 2.10 0.33 0.26
808 ..o 157 0.85 0.65 0.41 12.000 1.70 n.d. 1.80 0.90 1.20
884 0.25 0.30 0.27 0.18 13.00 n.d. 0.48 1.40 0.65 0.21

n.d. - not determined.
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lgoébéutuof éin;.folléwlng the adm1niatrat#on of EDT ;1 These 1n§reases f%nged
1¥?jfrom ).92 mg for sheep Nb. 848 tn 14 75 mg. for sheep No. 850°, The level ‘
of zine excrotion wam btlll ahout twlee normal durlnp the periud 24 - 48 hcm:vﬁ'e.r,j.l-f"j.f1
4  _'after 1naeot10n but returned to the pranxnaection level on the third dey. iT@éi&
penicxllamine troatment effected muoh smaller xnareaaes, ranping from R 95 to
. 2. ™ mg. Zn 1n the urlnary output of zinc by ilve of the sheoP.f"he othe
 sheep, No. 850 ‘had an elevated urlnary vinc ooncentration but a decreased
volume so that its total zinc output remalned at the pre-lnaectlon 1evel of ”
.0 91 mg. Normal 1evels of z;nc wera heing exoretad acaln thhln.Q day of;thgrQ 

'iadmlnistration of the ppnieillamlne 1nJect10ns. —f

One possxble exp]anation for the 1arhe 1ncfeasewin urlnary’zlnc‘output -
‘compared to 11ttle or no increase in. urinary copper output follouing the hDTA ;_&
_ingectlons is the dlfierenoe in the concentratlons of ° 21nc and copper in whole vl

j:;.blood. Normal blood oontalns about 1. 0 p.p.m. Cu compared to - T O - 8 O p.p.m._“
-JE:ZQ;‘ There is thus,»a nuoh ﬁreater chance of Zn belng chplated by the EDQA .

VFadmnnlstered than there 15 of tu belnE 0h91&t9d' -

- The 1ncreaged amounts of‘oopper excreted following tﬁe penlclllémlne treat-‘

| ment ranged from 0. 77 to 3 4 mg Gu. Thls was 31milar to the 1ncrease in the.l A
'amounts of zinc exereted whlch rangad £rom .93 to 2. 75 mg followlng |
.fpenlcillamlne.’ This would inﬁxoate that pen;olllamlne eh@lates uopper iﬁ

preferonce 4o zine since the outputs are v1rtually 1dentica1 despite a blood 5.7

zinc concentration whlch is seyenstgmes“greaﬁer than the copper concentratlon, o
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j‘Ex:eiiment i'zoj;” The effeot of intravenous 1nJectlons of EDTA and penioillamlne

on.the output of copper and iron An the urine of sheep.

l'hxa was the flnal oxpoflment conducted to inveotlgote‘the effeats of the
two chelatlng agents._EDTA and peniomllamlne, on the urinary exoretion of copper
‘ apd iron. lt was undertaken prlnclpally “to.increase the .overall number of sheep
: :~whioh“héd been thus treated 1n‘order»to eotabllsh a-relationsb;p‘botweenfh-
Elncreaapd urinary copper output and total llVOr ‘copper content. wThis was
‘thought neoesoary in order to reduoe ag far as possible the. 1niluenoe of

ﬂ;ndlvldual variation on the overall-relat;onshlp.

Dnly two sheep, Blaokfdce ewe hoggs, were avallable for this exper1ment.~-

These were put 1nto metabollsm cages -on. 25 Aprll 1965, where thoy wefe left

‘~f"for 6 days to booome acoustomed to their new ourroundlngs. They wero fed an .

”T;ldentloal dlet to- the 6 sheep in the previous experiment ;.e. 80% barley<and~wm
{4?0%:of a protein concentrate. -No supplementary coppop wgs.glvenitofeitherToﬁ
the two sheep. -

Gollectlon oi bhe daily volume of urlne excreted wag commenced on 1 Moy

.'and contlnued thereafter unt11 the texmlnatlon of tho experlment on 11 Mhy 1965..

‘The 2 sheep were glven %ntrdvenous 1naeotlons of FDPA (1 g / 30 1bs. 1ivcwe1gnt)

on. 5 May 1965, and of pemolllamme (150mg/15 Lbs llvewelght) on 8 May 1965” g

'f:Blo,od/ .
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Blood soumples were obtalned from both sheep immediateiy before batﬁ-
injections and again 24 hours later. The whole livers were obtained from both
sheep &t slavghter on 13 May. All blood and 1iver'samples obtained were analysed
féf #heii copper concentration. Copper and iron determinations were carried

out on all urine samples.

Results

Blood Copper Concentretion

. The blood copper concentrations of both sheep on 5 separate sampling occasio
are presented in Table iOS. This also detaxls their liver. dry weights, copper

concentrations end total copper contents.

Table 108. Blood_ocopper concentrations (p.p.me), liver dry weights (g), liver

copper concentrations (p.p.me) and tbtal.liver copper contents (me)

of 2 sheep. ‘ ,
. Blood . Liver
EDTA inj. Pen. inj. o
No. ﬁ[g_ 2 ,Jﬁi /s ¥ 9/5 11/5 . Liver Dry Wt. Cu Conc. Total (
. ) . Contend
3 0,90  0.95 0.95 0.92 0.97 251 51543 129

878  1.18  1.34 -1.28  1.32 1.3 154 - 533.9 82

Thé blood copper concentratlon of. sheep No. 31 remained w;thin the range
\Q)O to C. 97 p Pellle throughout the course . of the exparlment and was not affeoted
by either treatment. Sheep No. 878 exhlblted a rlse of 0.16 P p.m. in dlood -
ccpper concentcatlon following the 1ntravenous injection of hDTA. It was |

unaffected/
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unaffected by'the'iﬁtfavenbus injection inpehicillaminé.f

‘,Urinaxyfeopper concentfaiiﬁn;
The total daxly volume of urine exoruted. the urlnary copper concentratxon'§
“and the total da&]y output of copper ;n the urine ave detailed 1n-Tab1e 109.

BN

The urlne samples'célleét;d irom bothsnheep on 4 huy had to he dlsoarded ?i
as they were dely contamlnuted w1th faeces. “The 1nJect10n of FDTA dxd not S
51 'af£ect the output of ur;ndry copper by sheep‘No._Bl.d It dld, hewever, produce
}’ a 51¢n1flcant (PcLO 05) 1ncrease 1n output of urlnaxy‘coppcr hy aheep No. 878. ,;
::Durlng the 4 day pre-trpatment peliod the mean dally exoreticn of copper by -
" i_ffsheep No. 8)8 wes. 138 ug. whereaa durlnp the 24 honrs follouing 1ngect10n 1t

r\.

excrete& 25) ug. Cu. By"48 hours aftor inaectxon 1ts copper excretlon wag, back;‘

‘:-:at the preutreatment 1eve1.

”here were marked and hlghly sxgnlflaant 1noreasea 1n copper outpub by
"ﬁ%both shaep fellowxng the admlnlstration of penlclllamlne.‘ The 1ncrcase 1n

*furxnary copper dutput for sheep*No. )1 was 938 ug. whlle for sheep No. 878

_flt was 866 u The urlnary exeretion of copper by both sheep returned to }5*‘-{?

_iiihormal wlthln 48 hnurs of inaection.

caUrlnary Iron Conoentration{

'At::iron eoncentratlon and the totdl damly iron excretmon are e

"detalled 1n thle;ll@ Fzg ,3‘ showsathe dally excrntion of 1ron and copper o

'in the urlne
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) Ta,ble 109 (a,) Totdl volume of urine (m‘L) exoretod daily. : o

ED'I'A in:_;. Pen. 1nj_. _

. ':_,\31n__"" 360 - eoo aso 700 1320 650 490 530 320 35) azzo
‘_ué?a»;?.;;_faz@o 625 270 - 300 400, 460 570 47; 580 515 890

(bl Umnary Coppm: Gancentmb:}.on (ug/lOO ml)

3141 0 1. 6 15. 6. 16 4 29 2 22,6 pz» 2 340.0 53.6 26 4}:}" S
878 28.5 36,4 36,0 ~ 32,0 55,0 21.6.18.2 ?61.253 2 37.6

(o) Potel déa,ily -outp_x.iﬁ of éopper\- (ug)-.

31156 157 133 - 216 190 112 1251088 190 216
878 97 228 . 97 - 128 255 125 86 993 274 335

* ‘Tgble 110 : (a) Urinary i'rpn' concéntiation" (uwg/100 m1) . -

B Y 41;‘6 448 ~ 172 2060 6.0 48.0 76 0.70,0 29,6
878, 85.6 67.2 64.0 ~ 5.4.261.2 82,4 44.8 54 4:38.8 38,4

(B) Totel daily Outputjo.f- ivon (ug): ...:

31195 333 361 - 227 1859 372 254 243 249 243
878 291 420 173 - 218 1202 470 213" 207 200" 342
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ﬂ:g. 52. Ttw total _dailyt%QPPT and iron exoretlon in the urin# (1\4) of

Z ahewD intrargnoug initotlona of
SaP.tInAt. .
3L. 7 8.
1000- COPPER
500-
1500
000 RON
500

ED TA. PEN. ED TA. PEN.
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LDTA 1naect10n agaln produced hlghly 51gn1ficant 1ncrcases in the total

=daily exeretlon of 1ron 1n the urlne’ﬁfThe increase 1n urlnary ivon outpui by

ﬁf“f%sheep Nb. 51 was 1)75 ug. whlle for sheeP Hb. 878 1t was 9“8 ug.; By 48 hour 2

‘,after injectlon the output of urinary iron had fullen to the prentreatment

-:v“level and’ 1t remalned at thls level (of less than 300 ub/aay) for the remalndor{

of the expcrlment._ Urinary 1ron excretlon was unaffeoted by the admlni t:athni

";oi 1ntravenous inaectlons -of pcnlolllamlne.
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Summary of Bxperiments 13 and 1% ihvolvingkinjections of penicillamine and EDTA

A. Penicillamine Effects.

A totel of 18 sheep have been injected with penicillamine in the course
of the four Experiments 13(b), 15(a), 15(b) and 15(c). The results of these

Experiménts are sunmarieed in Table 11l.

TheAincrease in urinary copper excretion on the.day after injection haga
been plotted against the total liver copper content of the sheep in Pig. 3%3.
An attempt was made  to determine whether the increase in copper excretion
- following injection was related to the total liver-copper content. This was
ddné by oalculéiing e regression coefficient for.the inereaées in urinary copper -
output énd theilr respective total_liverfbopper‘confénté. The regression |
coefficient was foﬁnd’to be highly significent (P<0,01) thus demonstrating thaf?
the size of the iherease in ﬁrinaryucopper»oﬁtput folioWing the intravenous |
édmihistration of éeni;illamine,was dependent upon the total.livei—copper

content of the sheep.

The regression egquation was
reg A

X = 534.4 +5.198 y  (t = 2,95) |
(X = increased copper excretion in ug; y = total liver Cu (mg))

This regression line has been'éupérimposed on I"ig. 33.

" B._ EDIA Bffects.

During the course of the five Engriméhts-(Nos..l}(a),-lB(b);‘15(a)} 15(b)

and/



; VQEjTable 111.‘\The mean daxlx urlnary excretion ofvcopper over the pre-treatnent

.&mod‘ the umna 3 conper excretmn fron 0:»2 ' hourq after. J.n eotzon,

' the .1ncrease 1n umnary copper cu’rput follo\»vzf.n.cm~ inapct:.on and tha

total lmveracopper content of.‘ the .aheep. S

_IiQ.n ';‘«,:,-.Mpan dail n - Gu exdrefed'()-‘ Inc'res.se in ’l’ota‘l _Liver Cu (mg)
7 exoretion pre~ 24 hre, after.’ Cu output(up‘) o .
K 'vm »Jnggcthn(ubf BRI
cetotaso ot aosel S iess oot amg
g gy e g g
BEEL-I e
462 . T e
a0 Lass
e 7203
..884 T 1354 209
Clege o 204
SR SRR U S S
45 103 Pl
Coa s aor
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' Fig 33, ' Relatlonsh:l.p between the 1ncreace in’ dallv urinary copper

excretlon followwg 1ngectlor\ of Jgem.cn llam1ne and the total

_ amoun't of -copper in whe llver of.‘ shee‘po

. Increase in daily urinary
. copper excretion. mg \

3800 -

3000 -

2000

1000 |

) : ¢ ] 1 | : B 1

100 R 200 . © 300

Total liver ‘copper.v ﬁlg.
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cand 1)(0)) in whlch 1ntravenous lnaectlons of EDTA were. given a totui of

Af24 sheep were - treated. Of these flve h&ve been excluded from the present
:dlscussion' four of these because they were being dosed with copper sulphate
up untll fhe day'of 1naect10n but not thereafter and the fifth heoause 1ts
j’urine was very hadly contamlnated thh faeces on the doy: after 1naect10n.~_The

results irom.these five experiments are summarised in Table 112.

“‘Eig._34'shows the relationship betweenwthé.total livéf#céﬁper content
of,the-sheep and the iﬁcreuse in urinary copper output follbwiﬁg BOTA treatmeni.i
A hlghly Sl?nlllcant (P4<O 02) correlation was found between the toial amount of
coppex present in the liver and the increase in urinary copper output follow1np'
 the EDTA injection. A regr9331on equation was calculated for the increase

in urinary copper output with that in'totai'liver;oopper content. It wass

X =19 + 0.693 y {t = 2.69)

(X = incresse in uvinary copper output (ug); y = total liver copper content(mg))

This regression line has been superimposed on Fig. 34.

An attempt was also made %0 correlate the increased amount of iron excreted
in the urine on the day after the administrat%on of EDTA with the total amount .
of iron preaént in;thé liver. The coefficient was, howeveﬁ,'fognd t0 be non-~
éignifican£ having a-% velue = 1.807 while that fequirédAfor‘siénifioance =

..A/_':. |



a _:;_Ljaiiie?i:liéf. ; 'I’he mean"dally urinarv excretlon of cop&r (pm-treatment). the .
e T umnary copper output fmm () - 24 hours after 1naootan the :anrease

:;‘or decmase in urmary copper output followm{r in.;ection and the |

,, f‘total liver cam;er content ofr 'bhe sheep. ‘: o

PR ﬂé_:_i':_z'ﬁ'lﬂédn\.daily Cu > -Cu exci'étgioﬁl()é_ Inbmase or' "_‘~"I"c>ta1' liver Cu (mg)
- v excretion pre=-. .24 hrd..after . decrease in . 1oL I S

. 'treatment (ug) . injection(ug) . O outputfug)

166 190 ) B +24 ‘, 129 | s
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LY

. Relationship between the iricrease in daily urinary ‘copper L

U L. T excretion following injection of E.D.T.A. and the tobal

amount’ 6f cbb’pé;r:_ 1n'bhe -"li‘,\:re_r of sheépo '

Increase in daily urinary -
«-.copper excretion.: ug

t
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g;;was fuund to be sxgnlflcuntly (P‘=0 02) hlgher thxn that. for the 1ncrease in”

- fly snall when related to the Lot

: _.:V;L. 360. '.:

A comparzson waa made betmeun the regnes 1on oaefilclents for the ancreagesA

fln ur;nary UOpper output followlng penlclllamlne ané FDTA admlnlstratlon related
_ﬁ?to total 1ivex—copper oontent. -The IESPéuSlOH coefflcloni for the 1ncrease

:j¥>1n output cf urlnary copper foTlowing the 1ntravenouh 1nJ@cblcn of penlclllamlne:

"“ccpper cxcretlon i0110v1ng IDTﬁ admlnistratlon._ Thls &enonstrates. therefore,': .

i

;rthmt, at the dasane rates used, an. thc total llV@P copper cou#ent of th@ sheep
‘?fincreqsed thera was a more rapla rise in autput af urlnary copver aiter '

gﬁrc&tmbnt with penioillamlne than fhere wa& following Lﬂﬁ chatment.

3 ?he pattern of urinayy ccpper excretlon 1n shesp found in the. experlments;,f

-r5ideocr1bed 1n thld uectlon ‘s eas entlally &1m11dr to that fnun& for. humans who

; have heen 81m11ar1y troated w1th chelatin5 agents. Intrdvencus BﬁﬁlﬂlStf%t“Oﬂ

of PDTA produoed &mal) 1ncreaaes only 1n copper excretion of sheep and thls

vcorlesnonds Wluh d;saﬁp01nt1nn therapeutmc rasults 1n humans reported Dy Bmoke)
',;et al. (3957) T"eatment wlth LDTA wou]d, thelefore be of llttle uae in effectlng

- an 1mpr0vement in the condltlcn of sheep suiferlnp from chronlc copper p01son1ng.

Ponlci?lamlnp 1naect10ns produced xelatively muoh larger 1noreasea in urlnary

V}copper output. waever, the teta] ﬁazly output afuer treatment lB st111 extrene-

- amcunt of copper 1n the 11VQr = 1on Pla. 35

4:¥L1t c&n be'sesn that an inc_eased excretxon of ? O mg Gu. per day would corresyond1
'fito a hutal 11ver oopper contenn of 275 mg Im thla lxver-GOpper ccntent were to f
e rbduc&d to a roasonably normal total content of 100 ng Cu than thls rate of

' rtroatment would: have to be maintalned over & perlod uf 1? meeku.: ;
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.Loné term troatment wlth peanlllelne has ‘been us ed extensmvely'énd
successfully in the breatment of patlenta bufferlng from Wilson ‘s Disease
(0.8 }1ster, Bouldlngy end Beker, 19583 Seven, Kllman and Peteraon, 1959;';~K
Walshe, 19603 Boulding, 1961 and Werren and 3rouphﬁon, 1962) This is
obviously, therefore, a foasable wethod oi treatment but the cost of such
treatment over a prolgnged,perlod isxunllkaly tq-be suohhas to encourage,zté.
wideépread adoption. = The only circumstances inSwhich ite use might be
economically jusfjiiablo would be in the treatment of pedigree rams sufferlng

from chronic cOpper p01son1ng (e &Te Glegg. 1956) Otherwise, however, the mone-

) tary value of an 1nd1vidual sheep would not Justlfy the expenditure of a large

sum of money 1n an sttempted curve.

Ir peniclllamine vere to be»ubed 1n the treatment of ehronic copper pois&n;ﬁ
ing in sheep it would be 1mpa1at1ve to have ag early o diagnosis as posszble in,ﬁ
lforder that the treatment. should have the be 56 possmble chance of success. It
%s probeble that if treatment was commenced in the final steges of the illness
ig inight only preclpltate its oourse. Addlulonal copper would be released
frmm the liver into the bloodstream with a consequent rupture of the red
celis and haemoly31s. Eventual recovery after such an haemolytic crisis,
parﬁipularly in British bréedé;,is improbable. A reliable method for the

[

earlyﬁﬂiagnoeis.of the il}ness would, therefore, be adventageous.

Deépite/



62

De%plte~thc $ign1ficant correlailoﬁ faund hetweén the incresse in the urina
oubput of ccpper fallowlng the admlnlabratlon of peniclllamlne and-the total
liver copper contentsynf the eheep«;t is unl;kely that this could hg employed:
”~to'detect shaep eithar.with,very low7live?~éoppefAébgtéﬁtsfﬁhich might

Asubsequenhly pmpduﬁé éwaybaak'Iambs'or:with elevated 1i§er~00ppef contents

which might shortly show synptoms of chronxc toxicity. ‘The uase of'penicil1aminé'
fox thlu purpose would. bhe unreliable due to the wade varlatlwn in the amountag.f
: Qf ocyper exer&ted in the urine. by sheep hav;ng eaulvalent tohal 11veruccpper E
contents. Thus a'sheep whicn had a total liver copper qontent of 4 mg,_ml&ht
excrete ms much extra copper as one with & liver copper content of 60 mg. (See.
Eiperiment 13(b)).  On the basis of such tra&tmengrboth sheep might bé
regarded~as‘baing nérmal but it is poésible that thé fprmgr pnelmiﬁhf give birth

to a swayback laub,

Sinilarly at the dﬁher extreme & ahegpﬂwhich h&dra total liver copper

~ content of 165 g excreted more cdppar afte:vtreétment,w;th penicillanine tha§ 
did énother>with a total>live§~qogper agontent of 260 mg (Sce table 111). This;
thereforu, indicates the difficui£ies that ‘could afise in attenpting to diagnése
chronlc copper tozicity in‘sheep.by'compé:ing the rates of urinary copper

excretion following the intravenous administration of penicillamine.

Intravenous penlclllumine haq iound to have ﬁo-effeét 0n-u§ina§y iron
éxcreblou-;n sheop. A qlmmler ilnding hua ‘been renorted followiﬂ the treatment -
" of hnman pailentq wzth p@nlclllamlne (e g. Seven et ak.,- 1)56 and Bouldlnp ‘and
_Bakpr, 1957) Penlclllam1ne would th@rafnra be of 1lttla use in the treatment

' of haemoa1dorosxu which cpn sometlmes ogouy as o consequenve 01 copper

aeflclency.



ﬂExﬁQ}iménﬁ 16 i The uscfulness of various blood analyses 1n indieating an

:jﬁfr approachlnﬁ haemolytlc QIlSlSog_ .

ﬂ‘; preriment 7 1ndleaﬁed thaﬁ blood copper analyses of samples obtalned ‘

'from sheep durlng tho two weeks prlor to death from ohronlc copper p01aon1ng .

’\'would not always conflrm that death 19 1mm1nent. Indeed 1n only 4 of: 11 sheep

‘was the blooﬁ oopper concenﬁratlon aon31atent1y above 1 40 p p.m. 1n all samples,
fftaken durlng the two weeks prior to death.x Copper analysea, therefore, may fall
_Ato detect the exlstence of ohronle copper pozsonlng ‘even w;thln a short tlme .

‘ of-death; Con&equen¢ly 1t was consldered that .an atbenph should be mdde to o
\dlscover whether any'other blood test would nge an earller, more scnultlve

and ‘more conaishent 1ndi0&t10n of the approach of" an haemolytlg crlsls due toA.
’copper poisonlng.’ Thls wae conSLdered d631rable in view of ‘the fact That the -
: 7earller a treatment oan bo commenced the greater is the ohance of effect;ng

' successfyl cure.

' ThlS present experument deserlbea the resulbs abhained for 6 dlfferent

A

*.blood testa, 1ncluding ‘blood cnpper analysis, pexformed frcquently'on samples ‘
obtalned from sheep whlch were belng dosed with 1 g. GuSO4 SH 0 every other day,u

:over\a long perlod. The flve othﬁr test used were “two - plasma transamlnase
.’,. \ ’

A)concen&r&tlons - g“utamlc—oxalacetlc txansammnase (GOT) and glutamic = pyruv1c E
transéwlnase (GPT) = blood packed cell volume (PCV) and haemoglobln content (Hb) ~

';and Lhe rate of clearance of a dyestuff - Bromosulphthalein (BQP) - from the f .

o x L
blcadbtr¢am.‘

‘ ng,ht\/

-\



' ‘5ll; :flfht Blackfaee 6~m0nth old ho& s were uaed 1n thl% exporimant. -Theéézﬁ

“ﬁahepp wele slmxlar to those uded 1n prerlment 11a.1n ection 1V and they

- were ied an 1dentlcgl ratlon which consxsted of Szﬁgbarﬂey'and lBN of o protein

;‘ concentrate composea nrlncipally of soya aﬁa groundnut‘ Thls was fed ad 11b.1f .

‘10n ai 125 p p.m. Gu 1f each ,heep3nt95l5K#. of fooﬂ per dag. Dcsing of tne,if*

'eiyhb sheep was commenced on 19 Octaber 1964,‘and'conf1nuedi ?til aust beioxeau'ﬁ

ﬁdeath due to co»per p01son1ng.

Blood samplea weme ob;atned at rcgular intervald frcm the eight shaep and B
:Hnore froqumntly vhen ymptoms of copper foxioity appeared.f %hcse aqmple ‘ere,
‘ lysed for blnod copper conventr&tlon, hOT and GPT concantxations, and also }‘
‘-ior PCV and b content. Also on several GOQdSlOﬂS nuch sheep was 1nJGCth 7
'1ntravcaoualy‘w1th 2 solutlon of BSP in N. odlino and blaod aanp]ao wwre
obtained at regular intorvﬂ]s aiter 1nJection to determine how qu1ck1y the

'dye was e3im1nated frcm the b]ood«stream.

The whole llvers WGIC obtalncd fcon each sheep after doath and theue vere .
drxed and analyued for thalr copper concentratmon&. Ehs total 11var«copper o
oontent was thon calcuTated and by eomoaTing this with the mean fotwl 1iver-cnppc
~conten% of - uhe control group tha propoxt ion of the dosed conper whxch WA stored

~in the liver could be deﬁermlnedai _

- Results/
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Resul ts

Liver dry weights, liver-copper concentration:and total liver-copper content.

Table 113 showé the concéntratlons and - total amounts of coﬁper in the

- llvers of the 8 sheep. It also shows the amount of GOpper aulphate glven to}
'each aheep and the prbportlon of this stored in the llver. The drled liver

"'SQmple of gsheep No. BAT was unfortunately mislaid 50 No values are aveilable

for its livew coppef concentratlon end total liver-copper\pontent. Kldney copéer

concentrations are elso detailed in Table 113..

The first sheep to how synptoms of ehroﬁic ooﬁper téxiclty wvas No. B13
when on 11 Janu@xy 196) a blood semple was found to bhave the dark chocol&tc
"colour assodiated thh copper-poi¢on1ng. After this 1t exhlbltbd a prongSblVE.
inappetance and‘bégan to appear jaundiced. 'By118~January it could no longer .
‘gband so it was slaughtered. Post mortem examlnablon showed a sllghuly jaundiced
carcase and a brovze coloured 11ver. The kidneys, which were found to be |
' grossly enlarged were & dirﬁy bxown colour and completely lacked
Atﬁe metallic sheen. consxdored typioal of eopper poisoning. A pathological
examinatlon of the kldn@ys revogled severe tubular necrosis and also some sllﬁht

'cedema. The- enlargod. sxze of Lhe kldﬂGYF was probably caused by a prolonged

o haemoly51s whlch alon§ wlth Lhe Lubulmr necr081s caused hlockapes w1Lh a

conaequent absorptlon and retenbnon of- water. hach kldﬂey welghed 187 g. whlch

is almost tw1ce the nﬁrmal for a B]ackfﬂoe hog . By the time it wes slaughtered

sheep No. 8]3 had - reoeived 46 dos es of 1 @. Cu 04.)H (‘B (“ 11.5 a Qu).

' Dtli'ihg/ }‘ :
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Table~ll§ Qpantlties of copper - sulphato admlnlotezed and the amounts oi copper.

stored 1n the lmver of sheep Whlch died of eopper poisoning
XNo. :ng.of'AmOunt Cu. Kidney;Cu'JLiver dry leer Cu leer-Tbtal % of doged’ ..
. doseg given(g)++ conc.(ppm) wt.(g)  conc. (pp”) L g) ~ Cu in liver.

813% 46 11.50 . - 77.0. - 158 1224.0 1933 . 1.4
807 57 14.25 - 155.5 . 98 . 2965.8  -29L.5. . 1.85
840 ‘60 15,00  : 1590,2 108 31051 ©  336.3 2,06
811 65 - 16,25  LI8L.5 - 64 6323.3  406.5 2.33
880 66 16.50 9.5 104 2480.0 256,9 . 1.40
846 86 - 21.50 570.3 111 32688.8 . 366.0  1.57
B4 208 27.00 . mde - - . & - e
883+ 185 46,25 360.6 S190 973.0 1849 0.34
~ Mean S U5TR.5. 0 DSDhLG C2908.5 - 2911 L.57

nede % mot detormined
% Slaughtered

R balculat@d by xeferenoe to mean copnex. concantrafzon ‘of ,ontrol sheep
(Gxoug,ln prer1men7'vhlrh received ‘the same diet but no supplemenhdry copper.
lla :

+ Died from other causes

ot x4nmg Gusio 1. 51,0



| nur;ng thé neih‘5 weeks‘a“furthe? foui sheép dled from GOféér fGlSénlﬁg
-.ta}hav1ng been given. from 14 25 tO 16-J & Of Gu.. A further 6 Weeks pas“ed before :
"";sheep No. 846 sucoumbed on 7 Aprll after hev1ng recelved 2] 5 g Gu.' Another~ *
'iperlod of 6 weeks elapsed before sheep Nb. 847 dled after hav1ng beeﬁ dosed

' "‘wu,h 108 oo buSO

0y o G 2T e o).

Thus onTy one mheep (No. 883) survxved beyond thls Lxme. It was: ahow1ng~ﬂ

: no signs of dlstreas due to the 1arge amount of coPPer and waq 1n faot [

- extremely%fealthy and eatlng well. It welghédo 118 1b. on 5 Hay and durlng the_;

ﬂ}&ncxt few_months it contlnued to thrive qo,tbat b&’24 %eptember 1965 1t welghEd
"Yﬁ153 1b. It showed no outward algns 01 distross “and contlnued to eat well unt11 {
‘.1t dled suddenly on. ?6 October more than months after the tlmo nf demth of thef
"1ongest buxv1vor of the othez seven sheep. By this tlme 1t had receaved 185 -
.doses of 1 & Cubﬁ + SH,, 0 @46 25 8. Gu) Patholcgloal examanation of Lis 11ver  §!
showed no 1ndlcatlon oi degeneraflve changeP which mmght be 4ttributed tﬁ =
coppe; pomsOﬂlnF bub dld show some sxgn of damage due to fasciola and lndehd

. some fluke were found in th@ bile ducts.v'.: .1 ' . y‘ o A }” -

Typlcal 11ver leslons found on patholcplcdl examlnatlon of the sh@ep uhlch t

d;ed were dlffuse micro abscesseu uhroughout the 1obules and polymorphonuclaar !
-~1nf11trat10n into the 11ver 81nu%01ds."Yldney damaye iound lncluded acute tubula
Jf‘;necr051s w:th haemoglobln dep031ts 1n thn tubular eplth631um and dlffuse

1nterstlt1al/
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- 7;1nterst1t1a3 tlbrossa.‘ Haemugﬂoblnurmo nephroo1s was 8190 fouud wlth hoavy ¢f7ﬁ
:T-dQPOHltB of haonog]obmn Jn the dLSLal tubulos wmth numnrau hanmoglobln caatm kS

and %1xght focq] Iyuphcoytic infllfr&ﬁlon..;i .

-K‘The mean llver copper coneentxation of bhe shoen Was. 2909 p.p.m. wmth

.p.m. ihia range 01 ]1ver copper cheentvatlon 13 varyr‘

‘ bsimllar‘to Lhat found 1n bxper;ment 7 uhere the rand@ WdB irom 1558 tc 6)50 ;:

' p.p.m. The medn copper Ooncentratlon of the contral grnup was 17; p p.n.»

‘:3(rdn§o 125 - 271 p p.m.),: The 1owe t ]1v0r c0ppor concenbratian wau fuund

i& f0r shaep Ho. aez (975 p.p.m.) wh;ch burv1ved the lonpest and xeca1VQd moru than

twice as much cepper bulphnte as six of thc ohher seven sh@ep.

raThe mean total 1ivef;copﬁer oontent was 291 WS- (ran ge 185 - 407 mg)
This conparas with a rdnge of 151 to 470 mm. in Fxperlmont T “where. uheep uere
81mi1ar1y dosed with copper sulphaﬁe.,,She@p.NQ, 883 also had ‘the Lowest total_ i

liver copper dnntént'(1853mg;)°despite having received o faa greater amount

of supplementary coppers .-

j“"he mean‘percentdge stor&we rate of désed coppeg in the 1;vor was 1-)7ﬂ
(range 0.34 = 2.3%%). This compares favourably with results from the prevxousl;
expeximént when the proﬁorpion of supplementary copper stored ranged from 0.66 :
to 3.1%%; It is éléq's;milar to the reéults quoted b&iprgviouﬂﬂworke:é fof

the,pragortioﬁ of -dietery or supplementary co@par*stéréd in the livey.

Kidney Copver Concentration/
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Kidney Coppex Goneentration.

The range‘invkidnéy copper éonoentratiéns (from 77.0 o 1590.2 PeDeliey
Table_113) in the pieSQnt expeﬁiment ccmﬁarasnfaﬁouiabiy wiﬁh thet found in
Expgriment T where the raﬁge was from 56.1 to 2668.0 Pepalt. Sheep No. 813
which-waé'alaughteréd héd the‘lowestAkidney éopper‘ooncentration (‘7170 p.p.m.);
Sﬁgép Mo. 883% which was\thé iongestvsurvivdr;gﬁdawhichhadvreoeived-a total of -
46.25 g Cu. had a kidney oqppef céncenﬁrétiop'of 360.6“§;pam. This sheep, - |
© thercfore, which‘did‘not di@vof chronié cdpper ﬁoisoning had a kidney éoppei
concontration higher than. those (77.9,:79.5'au& 15645 pepema) of three sheep
’ (Has.ABIB, 880 and 80T respectively) whichldiéd from this cause. 'This further
illustrates the difficulty of basing a diagnosis of ohronic copper*poisoning

purely on an analysis of the cdppar content of the tissues.

. Blood Coppes Goncentratipn.

Fige. 39 shows the chenges that occuvrred in the blood copper concentrations
of the individual sheep duving the course of the experiment. The initial blood
copper concentrations rénged from 075 « ladd pepem. and they femained within
this renge forithe next 2 months. After this time the blood copper concentra- -
tions of individual sheep varied widely due to the abnormqlly-high values found -

at or near the time of death.

Table 114 (a) details the individugsl blood copper concentrations of each
of the 8 sheep on the separote sampling oocasions. rT&le 115 lists the number
of "days. to death when an elevated blood copper concentration was first found

 for each of the 8 gheep.



370.(a)

Téﬁle.ll4 (s) Blood éQppér concehératidhs {pepem:) of 8 sheep which receiVed!
' ' 1 £e CuaO SH 0 on_alternate . days related to their time of death.

Days before death.

‘Sheep 150 125“;9_9, 75 50 30 20 15 :,L,Q.é..s, 4 3.2 1L
To. T T \ T

L BOT = 1.30  1.23 ° = 1,57 1.20 5.64.2.55 1.95 2,04 = 2,44 -~ - =
C811l- = 0,98 1449 1.14 1.46 2,23 1.78 2,08 = 8,35 = - 4.40 =  8.25
815 - = L1.441.33 = 1.09 = = = 226243~ - 1.60 1.65
840 -  0.96 1.10 1.08 0.95 1.06-1.03 1.28 = = = = - 9.10 4.60
846  1.18 1.36 1.01.1.13 0.98 0.88 1.26 1.74 2.30 5.0411.00 = 4.153%20 3.85
847 1,00 0.71  1.01 0.75 1.09 1.43 1.07 1:29 0.97 = = 1.44 = =  9:47
880 0.76 1,04  0.97-1.,19 1:24 1.5L =  2.20 2,25 2,25 2,50 - 1,95 =  2.20
883  1.39 1,32  1.37 1.25'1.45 1.49 1.43 1039 = 139 = - - -

(b) SGOT concentrations {S.F./mnl)

- 80T - 145 180 - 640 -300 7301050 555 1100 - 1040 - - =
811 - 84 123 420 290 930 540 910 - 1555 = 1610 - 1550
813 - - 123 242 - 260 = - = 1860 1810 - 650 510
840 - 85 - 95 - 119 110 105 155 240 =" = = - 3000 1760
846 255 950 150 450 112 94 100 'S80 950 2020 1610 - 16101140 1420 -
S 847 142 .150- 146 112 181 330 190 430 270 - - TI0 - - 1290
880 . 88 137 137 260 240 630 =~ 1915 2550 1810 1120° -1460 - 1100
883 . 720 430 1000 - 510 680 1055 -510 510w - 450 0 = - - = = o

L]

R ’(G)J’EGPTJcénééﬂtr&tioﬁéf(s-ﬁt/hl) -

807 - BT 6 .- 3520 15 64 18 13 & 13 14 - -
el - 9 5 26 260 57 21 64 - 14 - -7 - 42 - 22

813 & " = . .5 210 - 11- = = = 190 130 = - .= 34 19
80 - .7 100 13 15 14 B3 20 = = .= = =125 92
846 14 18 . 14. 16 11 11 10 15 14 1520 =-125119 79
847 7 13 14 . 7. 10 17 11 .12 13 - = 11 = =122 .
‘880 12 13 - 10 16715 17 - 80.34° 28 37 = 46 - 64
63 14 11 . 16 1.8 10 1 1 = 1 = = e -



3707 (b) -

(a) ‘Packed bell Vblumes (a)

. T ‘Da&é‘befoxe peaﬁh{_ - . -
150 125 100 75 50 30 20 15 10 6 5 4 3

RS LS

807 = = = = 18.5 36.043.0 21,0°18.5 22,5 = 22,0 = - =
BIL = = - = 27.0 £5:0 16.5 21.0 22.5 = 24,0 = - = 240 = 24.0° .
813 = = = . =" & 42,0 - < < 255 - }"égf' S LT
S0 - - = e ST036.536:0 .05 = = el “201019.0°
1846 - 4315 35.5.57.5 52.5 35:0 35.0 4T:5 48.5 42.0 39.0. = 13.5 14.515.5. -
847 3440 3445 33.5 32.0 554 0 34 0 33, 5 58 0 )4 5 - . - 38, o - - e

880 ¢ = = 380 41.0°41.0 =  29.0 33.5 30,5 < 3.0 - 32,0
8683 37.0 3440 36.5 56.0”3620 39.0 120 4 J.00° = 43,0 - = o L o

R

(e) ﬁbemqglobin Contents. (gm/ioo ml)

807 - - - - - - - - 63 60 7 8 - 7.7 - i T ‘
B = m. = = 5.6 59 Tk 5.2 Th . = = e = 7.
B3 - - - - - - - e m .. - . - -

840 e e e = e = = = -4 a oo s
846 - - - 13.2 11.9 12:6 11.9.16.3 16.2 14,4 13,7 = 6.8 6.3 6.0
847 - 12,0 11. 411, 2 11.8°13. 2 119 134 12,0 = iomi 13,1 - = =
880 - W & = = e e 9061201003 - - 12 - 10:7
603 14.0 11.9 11, 311.7 12. 5 12.6. 14. 4 150 = 150 - - = = oA
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':Table llg._ Days to death whon flr t elevated blood copper conoentratlon found-'

-the" oopper conoentrat;on on. that day and over the prevlous range

'“»‘; Qi;ﬁgﬂylegs.]:e"fi?*t;?*‘?z Lo

ﬁg-'t‘ : ans“to_ﬁgéth;‘ :.7’1 N »Cu.cohd(p.p{é.);'f:u;“ggévioué’ﬂangé

Cer s . wst ¢ 0.0 L3
enl 26 . . mes . 09819
:7‘813  S o fAm; ff»;\"’; , ~';,ﬁ 2.26‘ f_‘_'f ﬁi'~1fo9 -Ai 44
w0 o2 ed0 . ogs-los
e o ow - am o %8 S
847 o fiiifiif‘;? o J‘V- ‘;fi"i;44__~ . 071 - 1.29

1.55




‘Changes in the blood copper "conéeh't;j?ation -of sheep which 5124

S T

- ''died of copper poisoning.:

ppm

. Blood-Gui

807

‘811
- 813

840

_. 846
—_ . 847

880
.. 883

— o -

Jun

Feb .-

\O

Ceot

Aug .

Apr =

S Dég

Oct -



L ' ; 'T'follow1ng ' X Y '
~‘An c]cvaLed valua for caoh of tho/testa 1s~taken &o one whlch W&a noticeably

o ;‘and gonoraliy slgnlflcantly h¢'1cribhun the nrevious range of Valuea obtalned f;'

'EZEQ;Mior any JﬂleldUdl shee1‘

?;Thl;.;how; that fcr‘sheép No. 807 there was.a'signlflcant‘1nc1@a§e in ilji
:Ftblooﬁ copper coneantratlan.;ome qeven we@ks before deaﬁh While for sheep ho.f;;;
1840 thls oceurred anly 2 days hefore deabh. In four snoep elevated blood g:f';?
CCOpper concentrdtlons were fuund onlv durung the laat werh before death and 1n f

f f;{fact an elev&ted bloo& copper level was ncver 10und for sheep No.,883 althoughf;

sample% WeTe thalned untll 6 ﬂays hefoxe death.’ The meau ﬁumbpr of dayb to

1‘f“da¢th when elevatod b?oad copper conoentratman& vera flrst found was 51xtaen§;;r

o SGOT céﬁéentiation:;
N N N . . . »vm‘

. The QGOT comcentrablonm of all the 1nd1vidu&1 blood dsmplea tnkeﬂ from

.-"fg_reach of thc 8 ahe p axe dotalled zn Tablo 114 (b) T&blo 116 118to the nvnber?{}

Wioi days ho deatht‘hen abnormal GOT vmlues flrut oucurred. .

"’fTablo 116 The flrst-abnormal COT ccnccntratlon found in rolatlon to the tlme

o death and the provloua canpe nf Goncontr Lions.

iﬁuhOT Prevzous o Guaﬁdnﬁ.ioh gane_dey
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'u;%;%GOT levcls wora abnoxmal and Varxed widely idf lO months prlﬁa

L ved lmposnlble to relate a high UCOT v&lue on a spaeiflc datu with an apprekchlng

’Whe nozmal range of GGT concentrdtlon found prior to the elevated values {7

iwh1oh ocourred durlnb the latLor stugﬁq of the 1]1nems wus BOjD 200 .F. ;

' ' %@0£ concentrntions for the control gmcup uere dlways dl%hln tha range 68 - 186;
; _.i. throughaut fhe course of Lhe exparlmant. Ahnormally high Q&Ow 6oncentra-§:
-Vtions uero fbund ovvr nerlods valylng imom 14 days bezore death for uheop No.;;; 

846 fo ;? days before de&th for sheep No.\BO? In the cabe of shcep Ro. 883

to death qorl“

;haemolytic Grlwlbo ‘The abnorma) %GOT values iaund for rhls Bheup magt have been
attrlbutahle Lo some cause ther than the tox;c effect Qf eopper. Lchudlrg
sheep fo. 883 the 1 nean numher of ﬁays to de&th when elevated GUT concen%ramlapg

firet occurred for the other sevgn:sheep wagvthxrty-one.

SGPT Goncentration
'”hs &GPT cancuntratxons of all the hlood &vmylca obtained Lfron each of the :

.8 sheep are Prcsented in Table. 114 (c) Tabie 117 details the number of days

to death when elevated GPT level& wore £i fqt found 1or each of the & sheep.

'E'ﬁubla 11]. The first elevateﬁ SOPT conu@ntration found in_relation to the '

ti&e to death and the prevmnus ranpe of conconhlatjcnq._'
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- fhe nomw). Tenge of ‘SGPL concentrations was from 5 - 26 S5.F. with the majori
of samples hawlng a Qonuentrailan below 20 B.¥. TFor £ive of the cight aheey

. no elevatlon in uGPT conc@ntrat;ons oeeurred untll one weck or less before

death due to copper poxsonlng.. Eleveted SGPT- valuos were founa for the othﬂr .
_three sheep (Nos.:GOTE‘Bll aﬁd-aaﬁ)‘ﬁromAbetwean 4 end T weaks.beforé deathe
>‘The-eiGVaied values fdﬁnd'ranped frem.ﬁo - 130 8.¥.  Genevslly, ho 'weVnr no
_elevated v&lues were 1ecorded untll aicer the onset of %he haemolytxc Critsis.
The mean- number of daya to ﬂeath when elevate& BEPT levels were fivet obtainea

LN

"qaa sxwteen.

“Elevated FCV lLevels.

- Yhe packed cell volumes of the blood samples obtained from,ﬁye 8 sheep

ave detailed in Teble 114 (a). Table 118 details the mubed of daya o death-

when elevated POV lovels were first found for each of the 8 gheep.

Todd and Thom son‘(1965) feportaﬂ that an increase ogourred in the'PéV
of eheep during the last 10 days to a woeek befors the héemalytic crisige
They quoted. the noxmal range a8 being between 35 - 409 which roso during this
_period in some cases to as much a8 50 - 55%. The nozmal'range found in the
present experlmonu wag from 34 - 38% while the elevated values ru001ded rnngvd'“'
from 40 - 4%5. In three~aases no elevmtlon.ln PGV:was found an& in three

others the elevatéd values fownd were in the range of only 40 - A2,

‘Dable/
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The ilrst lowered }CV‘lound in, rol%tlon hc theerpzev1ous r@nge o

Days to), De“th va( ) PCV’(Pravloud ranﬁﬁ) o conc. un same day S
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'In‘six<of‘tﬁe eight shéép,ébﬁormaliy-low PCVs were found only within the
lasf 2 weeks béfdié death and fi&é offthese gix did not oocur until 7 da&s
or less before death; Qhe>other two sheep, Nos, 807 and Bli;zhad ebnormally
low PCVs some seven and-five weeks respectively before death. In the case
of sheep No. 807 this level retﬁrned t§ normal and even above normal during the
following 4 weeks before finally falling again to an &bnormally low level (203)
during the last 10 days beforxe death. Thé'PCV of sheep No. 811.~however, meine
taine@ an unusuelly low level (14.0 - 24.0%> during the 4 weeké>precedingg

death from copper'poisoning.

Haemoglobin Contents.

Heemoglobin {Hb) contents of the blood saiples obtained from the 8. sheep
ave detailed in Table 114 (e). These showed & similar trend to the PCVa. A
Elevated PCVe of over 40% ﬁére asgociated with Hb contents of 13 = 16 ém/iOD_ml.
: whileilowergd PCVs of arouﬁd zc%lwere adaompanied by Hb éontenté‘of 5;0 - 75

 @n/100 nl.

B.8.P. Clearance.

| In‘norméi sheep ;npiavenous injéctibns of-bromosulpﬁthalein (B.S.P.jfaré
' génerally.blearéd'ﬁrom the blobdstream withinh15‘~ 30 minutes of injection, -
As the‘li#er becbmeé urograssi;ely more:démagad there is a progfessive increase -
°.lin the 1enpth of time taken for the dye-stuff to be ellminated. 'This:iaklv‘yif.
? '11lustrated in. Flg 36 whieh shows the rate cf clearanoe of B S.P ffbﬁ_theL : :3

‘ blpodstrewm/
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WFig 56.' The rate of ¢clearance of B,S;Po-from the blood ofﬁsheéb 807

. fwhich‘réceivéd 1.0 & of copper ‘sulphate eaéh alternate day.

B.S.P. concentration.
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bloodstream of sheep No.. 807 on three different occasions. Fzrstly when the y
aheep was in. pood he¢1th it cleared the dye stuff ulthln 1) mlns; aecondly

B much slower rate of clearance of the dye stuff w1th some stlll 1emaining
aftervjo ming._anﬁ flnally as death\due to chrpnlc copperiﬁpxiclty approaqhed
with a consequent degenieration of- the 11ve£?éells-thére;wa§‘a véi& poor rate .
- of QJEarance»ﬁith 2 high concentration of fhé:dye stﬁff still piesenﬁ 36

minutes after injection.

This techniqne was not employed Very frequently but on three occaaloﬁs when
it wes ubed during the 14 days vefore desth of sheep Nos. 807, 846 and 880
the dye was not cleared from the hloodshream ‘within 30 mlnutes of 1nJect10n.
B.b.P,,was rapidly cle&red from the blood af;anether three sheep (Wos. 811,-~

840 and 880) vhich were injected ;au"ring fhe -period 16 to 30 days before death. -

The Relaxivu Merit of the: Varlous Tegts in provmdlng an’ 1ndicat10n of an :
Approachlngzhaemolxtlc crzsls. '

Abnormal SGOT'concentrgtions"weraAthe earliést iﬁdioaﬁora of an apﬁroacﬁiné'
haemclytib erisis for si# of'the eight'éh;ep.. The two exoeptlons, sheep Nos. ,f-
‘ '847 and’ 883, both. had elevated TCVa before there waa an 1ncrease in thelr uGOT““
ooncentratlona, %heep No. 883 however, is perhaps exceptlonal in that 1t had “b
1* _some ver& high SGOT 1evels ( 1300 8. F./ml) in the early stages,of the experlment
long befoxe it exhibited- -any increase- 1n PCV. Theee high 5GOT levols could not-
be reldted to the approach of. the terminal phaee of chronic 00pper p01aonjng
and must have been ass ociated with some other ‘cause. |

Table/



_ Table 120 gives an 1nd10ation of the comparative usefulness of the varioua
tests in diabnosing the approach of the climaotic stage of chronie copper toxioi1
in sheep. ' : :

. Ta.ble 120t

Daig?sefééé"béaxh;fgg;ﬁ\'scomf“' SGPT EleVated . Lowezed’

~;?56 - 54?i}5v7“16.7 50407 i4i3‘;-u 28,6 1443 0.0

"gaa - Bﬁif 125,00 71.4_ 25,0 1443 ; »14'5A w040
16 =21 < 333 80,0 20,0 333 6.7 338
11 - 15" 80,0 100,0  60.0 40,0 60.0 L .i;é}Oﬁ;Olff
‘»5‘- 10'  TL4 100,0 28,6 5303 57 a 1000 -

0. - 4 100,0 100.0 85,7 0.0 Bl .- . 100.0

Thls illuatrates that of the teats employed the SGOT concentration was -
the most- sanaltive indloator of QOpper poisoning. All sheep examinea duringn::>
the last 15 days. before death, had elevated 960@ levelsj - 80o of those i* f ‘ |
"~;-exam1ned during the period 16 - 21 daya before death had- elevated concenfrations
and 504 still had elevated values during the period 36 - 64 days before death, |
Thare was at best only a one in three chance of obtaining eleVatad valuea for
tha other flve tests during the 15 = 21 days period before death. A Apart T
from the posaibility of an elevated PCV. thero w&s very 11ttle chance of -
abnormal Values in determmnations other than oGOT durzng the 36 - 64 day .
period before death. “ | | ) |

W




381.

: In all cages . thore was at 1east one -of the . Bix tests which showed an
bnormal value moxe - than two weeks before death.z On the basis of the resulbs
‘Vfound in thig experlnent, therefore, it would eppear probable that where blood
gamplingis carrxed out falrly reguldrly some indication of the onwet of
“illness due to 00pper poxsonlng would be deteeted at least two weeks before .
-death. Thls would enable any treatment prescribed to hove a perhaps pore

reasonable chance of effectlng a cure.

Hﬁwever,-under normal circumsﬁanceé regular blqod:sampling is pot praqtiséd,
‘and'a élightlyfelevatéd concentration for one~ofithpse tests might be discarded
aalﬁeipg due to contamination or incorrect analysis and thus the opportunity
-for_early and-sucéessfﬁl‘tfeatment might be lost. Sempling a ;arger number

- of'éheep,than those with eiistiﬁg clinical signs might be useful.

| The difilculty of assessing the importance of a slightly elevated SGOT
,conoentratlon can be slmply 111ustrated by compaving the SGOT concentrations
of sheep Nos. 840 and 885 on’ 28 January l96). On that date the SGOT concentra~
tion qf sheep No. 840 was 240 8.F. and of sheep No. 883 wasg 580 S8.F. - If these
~ had been isolated sampiessit would have been reasonqble to aagume that sheep
! No.J883 was the more'seve:el& affected of the two. HoweVer;“the nrevious .
range of SGOf‘conceptrationa for sheepvﬂo. 883 was from 94 - 790 S,F. while
~ that for éheep ﬁb. 840 was from_Bﬁ_- 155 5.F. Thus- the concentration for
sheep No. 840-on 26 Janmary was significently higher than the mean of the
- previous samples'thle’téat?fqrgéheep No. é§3vf911within;the ?feyious range.

_.&On/
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-On this-basiS’then tﬁe more reaSOHable"assumpfion wOuld'ﬁe-that the condition |
“of sheep- No. 840 wag deterlorating whlle that of - sheep No. 883 was rem&inxng
sﬁafic.' This was 1ndeed borne aut by subsequent events in tha uh@@P No. 840
died within 16 &ays of 28 January. In contrast sheep No. 883 sur&iﬁed'for e

: fqrther 9 months after this date,

Changes in the output of urinary copper by sheep epproaching death-dﬁe to

chronic copper toxicity.

When a sheep wa;“fou@d to have either an elevéted blood copper or SGOT
concentration and/or lowered PCV and Hb vaiﬁesﬂit wéa rgmovad from the group
Vand placed in a metabolism coge and daily colleotions of urine were taken.,
It waé thus possible to;géin informaﬁion on ﬁhe‘ehangés‘in the pattern of

urinary copper,éxeretion in sheep neering death due to chronic copper- toxicity.

Fig. 37 shows ﬁhe\tﬁtal daily excxeﬁion of copper in the urine by fi&a ch
the sﬁéep rélated to fheir time of death. Tﬁe“uﬁiﬁafy coppér‘outpu£ of a-sixth
gheep is also shown. This is sheep No. 883 whlch although it was receiving ‘the-
‘same breatment.as the other flve ghowed no eIQVation in urinery copper excretion

by the time the ?emalnder had auocumbed.

- The perlod durlng whlch oéllectioné.were made varied from oﬁ]J two days
f gbefore death for sheep No. 840 Lo more than 8 month before death for aheep No.
846. Dur;ng the perxcd whan the sheep were belng dosed regularly with 1 g.:
CuS04.5H20 on alternate days the normal level of coppgr excretion_;n the urine

appeared/



.appeared to be around 300 uy per day. This Was. the 3eve1 of copper excretion e
..;_-found for sheep No. 889 and also for sheep No. 846 during the 3 weeks Collectlon

“perlod prior to the onset of symptoms of copper toxxclby.‘ -

Durlng tho last few days of 1ife. howaver, the amount of copper excreted
171n tha urine increased mafkedly and was only rarely less than 1000 ug/ddy. i

The mean daily output of copper in ‘the urine by sheep No. 811 over tho 12 day

:'.i?perlod immedlately befbre death wan- more than ?OOO ug . In tha case of all

flve sheep shown 1n Fig. 37 which dlea of oopper poisonlng thexe wag an
}appreclable decrease in ﬁhe output of’ urlnury copper on the day before death S

‘oompared to the mearn output over the previous number of collectlons.~ -

Thls incxeased oopper excretion in “the urine during the termlnai stages E=’

A of the illness 1s probably cause& hy the xelease inﬁo the bloodstream of thei
*copper stores whloh have bepn bumlt up in the liVer. Thls is thought o

- cause Lhe exten31va haem01y31s whloh is characﬁerlstio of chronlc oopper
v‘polaoﬁzng - As a result of this free haemoglobin iq released 1nto the plasma -

.and is eventually exor&ted in the urine.m

H&emoglcbinurea is falrly common 1n “the 1atter stages of the dxsease and
 causes the urlne to become a. reddish or even’ purply black colour : This colour
"Vvarles wlhh the severlty of the haemolysis and <) typ:cal axumple is illustrated,ii

i-ln Flg. 38. iji':
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Changes in tim total dally exoretion of oopper in th. urine (@ujr) of
Jheep approaohliur death due to ohronlo oonnar nol«nnifVT-
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3h— D lo. 811. Chiin~ la crin* Mnfiunine» GQWBI'11 dCT.

Following an initial criais in the first sacgple a progressive
recovery was made until the onset of a second crisis nine days later.
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'ﬁAGhémiéal.Anaiysésv;vLaboratéﬁ&yProcedﬂreé.5

Vlggggég (Brown & Hemingw&y. 1962) o ‘
vgggggggm.‘l. Acld Dlgestlon Mlxture. 4663ﬁ1;‘nitrié acid, éOO ml,>§ercﬁipric
| . :~.acld and ]OO ml. sulphurlc ac;d are mlxed tbpether. .Ai14ucids :
should be Hopkins' and Eﬁlllams 1ead frea reagents. ::,
“2.' Zine dibenzyldlthlocar%amate.h btook solution - 0 5 g diésoivéd’f
in 500 ml. carbon tetrachlorlde A Re Stoc? solutlon dxluted 1 lhff

wlth carbon tetrwchloride to give 0 01% woxking solutlon._“

whole Blood.

- ;Procedure. Plpette 5 ml. whole blood into a micro kJeldahl flask. Add ? ml.

acxd dl¢03b10n mixture. Heah gently untll brown xumes appeac and then allow s

.. reaction ta subslde Dlgest glowly over a perlod of several houxs to rgmove ,ﬁ»

}the nltrlc a01d.. 1f any blaok o anic mactor remalnﬂ,cool add<more nltrlc' »
_ acld and redigost.i Contznue heabing for'lo mlnutes after appcarance of - whlte
fumea-of aulnhurlc #czd.- The llquld should ho golourlesu.‘ Allow to cool,-h»
‘add 10 ml. denlonlqed water and heat to bomlxng.: Lool and tr&nsfer to a 50 mi..
| separatlnq funnel,. waahmng w1th de«lonised water‘unt11 volune is about 30 ml..ﬁff

Aad 5 ml. 0.05% ajnc dibenzyl dith;ocarbamate, gtopper and Jhake v1gorously

fov 2. mlnutes.t w1thdraw 1owev aner dnd ;mltar thrcugh cotton wool 1nto‘ f7
» optlcal cuvatte.' Measuro colour :ntensity in’ Lel oaeetra at 455mu. i,Séf}f

-kszero wlth oarbon totr&chlorlde. Garry out blank determinatlon at same time..g»f?

N;leer/“,-‘;“'
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T3 voT, Kidnev, Grabs and Foeces.

Procedure. Weigh into a micro kjgidahliflask,‘l G s;mple thch haé'been dried
and ground andﬁdigést igfsimi}ai,méﬁnerrto ﬁﬁ&t for bloﬁd.' Make the .resulting. -
aciqfsblution-up té aAloQiml;;innthe oaée df'liver,_kidney or féaqes-aﬁd to
50 ml. in case of gross, Pipetﬁe & Sﬁifable‘aliquot into a 50 ml. separating |
funnal, addlng do-lonlbeé water to give a total volume of about 30 ml. and

F proceed as for blood.,

Urine.

DR

~ Procedure. Pipette 25 ml..sample into a 100 ml. beaker and add 10 ml. acld

‘h‘kdlgestlon mimture.' COVGr wjuh wauoh glass and ho&t on hctplafe, Llll vhlte

‘fumes of" aulphurlc aald appear holutiqn;shguld”he colourleas.. AWlow to cool,“=
add 10 ml., water.and-he&t to boiling. Make vp té.loo,ml. Pipette su1table,~"'

uliquotninte_a‘éeparaﬁiﬁgﬁfuhhelland proceédvas before.

’ Prepamatlon of bhandard Gurve.

otanaard cuxve is prepared by dlgesting a serlou oi copper solutlons contair

1ng betmeen 0 and 8 ug. copper and followin? the above procedure. Lo



A}~Iiﬁﬁ“‘(Bbgpyéii“§lﬁq115tt;i1955);;f_

: 7Reééents¥”i._ Acld Digestion Mlxture.> Prepafed aa.fof-copperl

o ha_2{ 'Hydrochlorlc Acld. 2N aqueous solutlon. |

.f :3:f Trlchloroacetxc Acld._ 20% aqueona qolut1on. |
N .Thxoylyoollic Acld.' Analar. | ‘ R |
»‘5. 2:2‘-d}pyr;dyl. O 4p aqueous solutlon;

6. Spdium‘Acéﬁgte.‘ Saturated eolutian.g‘

. Blood Flasie
'Proceduréaﬂ. Add 2 ml. 2N Hcl to 4 ml. plasma and stir w1th glass fod.‘ Add RN

“‘.P ml._20&:1CA,dnd stlr vmaorously for 4) ﬂeeonda, Gentrlfune for 15 minutes at'

3000 rev. /hln. Plpette 5 ml. supernatant 11qu1d 1nto a tube contalntng 2 drﬂps'”

: _thloﬂiyccllio auld 0.. mlu-O 4& 2 2'-d1pjridy1 and 2.) m1. satur&ted solution

'xof modlum acetatc. Stopper tube and shake mlxture thorouahly. Hoasur@ colour

'1nten91ty in Lel Spoctra at 5?0 ma. Carry out blank determlnatlon at same tlme.

Liverw, Kldney, Grass. Bbeces and Hrlne.

: Diges samples and make up to 100 ml. or 50 ml. as for copper. Pipetﬁé
 ;55 ml. &olution (or 1eus plus deulonxaed water ta 5 ml. ) 1nLo tube containlng

. reag ents and procoed as ;or plagmﬁ 1ron.' .

L vPreparatlon of %tandard Curve:

b Standard ourve lB preparud by plpetting 5 ml. of a sermes of so]utions
o . -iron -
';j'oontalnlng 0 4 to 4 ug./pcr ml. 1nt0 prevxously preparad tube and follou;ng

"_above procedure.




- Calcium iﬁ“Pianﬁ”Materialg(ﬁemingwéy; 1956;).--*

 Cat1on Exchange~ne31n Golumns.;:. Re31n uscd 15 Amberllte lR - 120 (H), ground
S0 that 1t pdsses the 60 but s retalned by the 120 mesh B S..szeve. Ii is
packed to depth of b Oilte 1n 35 om. X T Ty tapered open t,]_::ats::«x tubes and held
by cotton wool pluga.i 10‘m1. water should Tun’ throu*h in not 1ess than 20
-:mlnutqs;rmﬂe51n;is prepérgé foy*uﬁe;byéwa shing with 5 N nltrlc &Gld and then

‘;4éevéral‘times:Withfwater;f"'

jf?k&cedufe.~ Ash 1 g. of plant materlal dt 500 0 add 1 ml., concentrated Hbl
E:and. evaporéte to drynass. Dlasolve residue 1n hot water and illter the
 50lution 1nto a 100 ml. volumetrlc flask. di]ute to the mark and dhake. Pipefté
5 mJ. 1nto jon exch&ngc column, allow to draln and wush column twlce w1th ],J
J,;portions of water, redecting all the washlngs.\ Place 10 m1. cslibratgd flabk
beneath the ion exchange column and alute the calclum wlth bN nltric acld until
', 10=m1,‘of eluate are obt@xned. Vith . dpproprzate filter in p031t10n set the
fléme phqﬁéheteffat.O w;fh 5N nitric aomd and at:lOO w1ihﬁ301ution cqgtalnlng ;;

- 100 p.é.m}ﬁqalcium in 5 Nrnitrie'acid_ana‘then tﬁkenréadings for solutions,

’Préﬁaratibﬁlof-Siand&rd‘Gurve{ '

- Preparc a series of solutlons contalnlng from 0 to 100 Pe p.m.‘calclum and
. pass 10 ml. of each through the" ion exchange colunns and then ‘follow the nbove

'precedure. o




AShake~100 tlmes y'hand._ Draw off aqueous layer and neasure colour

Prepai'a;ﬁi01'1 ‘Standard Curves -

AThls 1s prepared asnnbove by us1ng allquots of molvbdenum soluLion

‘1ve a range of 0 toieﬁu ‘ 10 ml. concentrat@d HGl 1s added to eaoh

| &tandard befor@ making up- b0 100 ml. and addlng reugonto.?g7



402

'*éulphuﬁ in Plant Matérial,fb(énnnihghém;;;962);

“iwjﬁé;géhts;j*i{sﬁMagnesium Nltraﬁb. 19# ml. BN natrlc acx& are udded to 20 g
‘ e ‘msgnesium OY1de.; ﬂagnesmum nitrate iJ dlSSOlVed iﬂ watex, flluer
. and made up to 950 ml. ‘ | - ”
2 'Harnum Chlorlde. 5? aqueousvsolutzon.  ;i
3, V6N’Hydrochlorlc ACld. e
:&, 1 N Hydrochloric AGld-
:“GSa‘AEumlng,ﬂi%rlo Acid. A.R.-
| 6. ﬂ:Ammonlum LBTA uolutlon@ 1dvg; ethyléng‘diaminetetiacetic.»
acid«are digsolved in 100,m1. vater donﬁ&ininé 50 ml. ammoﬁiavﬂnn
solution {s;g; 0.88) and;diiﬁﬁed %o 500 mi.
lpéocedgre. Welgh 299 - 500 mg. of drled planu materlal into a 100 mls beaker.
.,\ﬁd@ 1 wml. gattr nnﬁ 2 5 ml. fnmlnv nitrlo &le. covpr w1ih a’ w&tch glaes ?nd
‘iea§é overgight.' Rlﬂu@ uahch glasu, add 2 4 ml. mapnGS1um nltrate aolutlon
5;~and evaporate to drvnQSﬂ on a dteam b@th. 'Plaoe in cold mufflo iurngoe and heat
~'f0r\? hours at 450 G. Cool aé& 4 m]. 6N HLl and evapo¢ate to dryneas to dehydrai
the silioa. Add‘lcm;. 1N HQl and 5 - 10 ml. water. VWarm until all salt& '
are dissolvéd and filteruthrough no. %2 filtor bapar into a glass centrifuge
tube. ﬁinsg.khe bgakér'and-wash'the filtgr papér with warn water until the
volume in the tube is 25 ml. Add dropwise L ml. 5% barium ehloride solution
to the filtewred digest: Mix allow to stand for 15 minutes and cenﬁrifugé

et/
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7; -at’ 4000 rev/mln.\for 3 minutes., anove t\' supernatant_l"quld withouﬁ disturb-

lt:f'ing the barlum gulphate preoipitate.z Wash precxpltato wlth ?5 ml. water..

o ‘and remove - ~ : . _ S
: Centrlfuge/tho supernatant liquad. -ﬁ&x*preclplbate 15 dried 0 ‘3 water baﬁh. o

;jﬁlpette 10 ml. ammonlum LDTA solution into ﬁhe tube and measure the barlum
"f;using hel flame photoneter w1th wrattpn No. 77 filter and air pressure 10 lb/sq.

| -5et zero w1th re—agent blank and set at 100 wlth solutlon prepared w1th 6 ml. o

jigﬁiallquot oi sulphate standard containlng 5000 ug.u.i i-xi, f{ ;3§?*{};:““

"1 Pfepar3ti0ﬁf6f;Sﬁéndard.Guive.=

”hls 15 preparod by taklnw 1 t 6 ml.. aliquotg of otandard uuluhate _ﬂQE
17;%olutlon eontajnlng )00 - 5000 ug b and preparinf barlum sulphatc so]utions in '

'ammonlum LDTA af prev1nus1v descr&bed.
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SUMMARY.

The literature related to the copper concentration of plants and enime
has been reviewed snd an account has been given of the effects of copper
deficiency and toxicity in sheep. Reference has also been made to the meth

employed in the correction of copper deficiency in sheep.

Herbage copper concentrations were found to bhe affected only transient
by soll applications of copper sulphate and not at all by liming. Copper
concentrations were, however, invariably increased by treatment with nitrog
fertilizers. A positive relationship vetween herbage copper concentration
end crude prot@in content was established. A similar relationship was four

exiet between the copper and crude protein mntents of hay and sileage.

Sheep grazing limed pasture were found to have lowexr blood and liver ¢
levels than similer sheep grazing unlimed pasture although there was no ail
in the copper concentration of the grazed herbage. Injections providing 4
ng Cu glven to ewes in pid-pregnency incresssd ewe blood copper concentrat:
and the liver copper concentrations of their lambs when compared with untx
controls. The incidence of swayback was almost completely prevented by th

treatment.

4 high level of dietary protein was found to be effective in reducing

toxiecity/



toxicity of an excessive intake of copper to sheep. It apparently reduced
proportion of the copper intake which was stored in the liver. A very higl
calcium intake (3.8%) markedly reduced the proportion of the dietary intake
copper which was stored in the liver. Sheep on barley-based diets stored ¢
smalkqéroportion of their dietary intake of copper than did similar sheep f
maize-based diets. Very young lambs being fattened intensively indoors wez
apparently more susceptible to the build up of high levels of copper in the
livers than older sheep on similar intensive diets. Chronic copper toxicit
was unlikely to develop in sheep housed from 6 months of age unless they we

housed for very long periods.

The effect on the urinary and faecal copper excretion of sheep of a)
éopper supplementation and b) intravenous injection of various chelating ag
has been studied. Penicillamine given intravenously markedly increased the
urinary copper output of sheep. In contrast, EDTA had only a small effect

urinary copper excretion but markedly increased the urinary output of iron.

The usefulness of various blood tests in giving a prior indication of
approach of the terminal stages of chronic copper toxicity was examined.
increased concentration of glutamic-oxalacetic transaminase in the plasma w
a constant feature for at least two weeks (and frequently for period of up
seven weeks) before death. The other tests enployed gave irregular results

until after the occurrence of obvious clinical distress.



