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The metabol ism of Cu in the body is charac-
ter ised by i ts complexi ty.  According to Abdel lat i f
(  1968) pract ical ly no other t race element exceeds Cu in
the diversi ty of  the factors which govern i ts absorp-
t i o n ,  e x c r e t i o n  a n d  u t i l i z a t i o n .  T h i s  i s  c l e a r l y
demonstrated by Sutt le ( l97aa) who pointed out that
diets of  s imi lar  Cu content may produce cl in ical
symptoms of either deficiency or toxicity. Therefore,
al though the Cu content of  the feed can be used as a
guide to evaluate the feed as a source of  Cu, especial ly
for potent ia l  Cu def ic iencies (Truter & L.ouw, 1959) or
excesses (Van Ryssen. Channon & St ie lau.  1977\,
modifying factors wil l l imit the value of such informa-
t ion .
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The liver is the primary site of Cu storage in the
ruminant body (Dick. 1954). Hepatic Cu levels can
therefore be used to indicate the Cu status of animals,
eg. concentrations below 20 mg Cu/ kg dry l iver could
be indicative of Cu deficiency (MacPherson, Brown &
Hemingway, 1964), while liver Cu levels above 600
mg/ kg DM may indicate a potential Cu toxicity situa-
tion (Harker, 1976). However, to obtain hepatic Cu
values for diagnostic purposes the animal has to be
slaughtered or else l iver biopsies must be taken. Harker
(1976) suggested a formula to predict Cu levels from Cu
intakes and the duration of feeding. The formula is
based on a lUVa Cu retention in the l iver and assumes
that no modifying factors are present.

OPSOMMING. .  D IE  INVLOED VAN VERSKILLENDE PEILE KOPER EN MOLIBDEEN IN  D IE  D IEET OP KOPER-EN MOLIB-

D E E N M E T A B O L I S M E  I N  D I E  S K A A P

'n Proef  is  u i tgevoer waar in skape verski l lende pei le Cu en Mo in hul  rantsoene ontvang het .  Die inname van S is  konstant  gehou teen

2,1 g/  skaapr dag.  Twee pei le Mo is gevoer.  n l .  38 mg/ skaapl  dag v i r  92 dae of  2 l  mg1 skaapl  dag v i r  182 dae.  Elkeen van die Mo-groepe is verdeel

rn dr ie Cu-behandel ings,  n l .  24,40 of  68 mg Cui  skaapi  dag.  Geen verski l  in  akkumulasie van Cu in d ie lewer is  tussen die Mo-behandel ings waar-

geneem nie.  Die Cu- inhoud van die lewer het  l ineer met tota le Cu- inname toegeneem, ongeag tydperk van Cu-verskaf f ing.  Tussen l , l8 en |  pf io

van die Cu in d ie rantsoen is in d ie lewer opgeneem. Op grond van verski l le  in Fe- enZn- konsentrasies in d ie lewers,  is  afgele idat  interaksies

tussen Cu en Fe en tussen Cu en Zn respekt iewel ik  p laasgevind het .

Die konsentrasies van Mo in d ie lewer,  n ierkorteks en plasma was betekenisvol  ho€r (P < 0,01) teen'n Mo- inname van 38 mg/ skaapldag

as met 'n in name van 2l  mg M o1 dag,  n ieteenstaande die fe i t  dat  M o- inname oor d ie proefper iode nr in of  meer konstant  was.  Di t  is  afgele i  dat  d ie

konsentrasie van M o in h ierd ie weefsels van 'n redel ike kortstondige aard is ,  afhankl ik ,  by konstante S- innames, van die daagl ikse inname van Mo

en nie van tota le Mo- inname oor 'n tvdperk nie.

SLIM M A RY:

A t r ia l  was conducted in which the rat ions of  sheep were supplemented wi th d i f ferent  levels of  Cu and Mo. The S intake was kept  constant

a t2 , l  g l sheep iday .  Two  leve ls  o f  Mo  were  fed ,  v i z .  38  mg lsheep i  day  fo r  92  days  o r2 l  mg lsheep i  day  fo r  182  days .  Each  Mogroup  was  sub-

div ided into three Cu t reatments,  v iz.  24,40 and 68 mg Cu/ sheep/ day.  No di f ference in Cu accumulat ion in the l ivers was observed between the

different levels of dietary Mo. A linear increase in hepatic Cu content rvas recorded, depending on total Cu intake and independent of duration

o f  Cu feed ing .  Be tween  I . l 8and  l , 97o ia  o f  theCutaken in ,wasre ta ined in the l i ve rs . l nd i ca t ionso f  theex is tenceo f  i n te rac t ionsbe tweenCuandFe

and between Cu and Zn were obtained from Fe and 7n concentrations in the livers.

Al though tota l  M o intakes dur ing the exper imental  per iods were approximately the same, Mo concentrat ions in the l ivers,  k idney cort ices

and plasma were s igni f icant ly  h igher (P < 0.01) at  a Mo intake of  38 mg/sheep/day than at  2 l  mg Moi  day.  I t  was concluded that  Mo concen-

trat ions in these body t issues are of  a fa i r ly  t ransient  nature,  being re lated.  at  a constant  S intake,  not  to tota l  intake of  Mo but  to the dai ly  amount

o f  Mo  consumed.
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Plasma Cu levels can remain wi th in the normai
range o f  0 ,7  to  1 ,2  mg Cur /a t  h igh  Cu in takes  un t i l the
onset  o f  the  haemoly t i c  c r i s is .  the  f ina ls tages  o f  chron ic
Cu toxic i ty in sheep, u,hen the plasma Cu level
suddenly increases signi f icant l l ,  (T-odd. 1969 ) .  Elevated
plasma Cu levels hal 'e been obscn'ed rvhen high lcvels
of  Mo and of  S were fed. 

- fhe 
high plasma Cu levels

were maintained up to the stage of  induced Cu
def ic iencf  in the presence of  h igh Mo and S intakes
(D ick .  1956) .  P lasma Cu leve ls  a re .  there l 'o re .  o f  no
va lue  as  ind ica tors  o f  the  Cu s ta tus  o f  thc  an ima lexccpt
under condi t ion,* ;  of  Cu def ic iencl ,  $ 'here MacPhcrson
et ul .  (  1964) found that low plasrna C-u levels ((  0.6 rng
Cul()  could be associated with low'er l iver Cu concen-
t ra t ions .

The antagonist ic ef fect  of  Mo in the presence of
inorgan ic  su lphate  on  the  Cu metabo l is rn  in  the
ruminant  rvas  es tab l i shed be fore  1954 (D ick .  195.1) ,
and Sut t le  (  1974c)  p roved tha t  o rgan ic  su lphur  was as
effect ive as inorganic sulphate in th is interact ion wi th
Mo.  D i rec t  in te rac t ions  be tween Cu.  Mo and S in  the
body and in the digest ive t ract  and between S and Ctr  in
the  d iges t rve  t rac t  have bcen suggestcd  (Hu is ingh,
Gomez & Mat rone.  1973.  D ick .  Dc lve l '&  Gawthorne.
1975. Sutt le.  1975).  These antagonist ic ef fects of  Mo
and S on  Cu metabo l ism have been exp lo i ted  in
pract ice to reduce the rate of  hepat ic Cu retent ion and
the  r i sk  o f  Cu tox ic i ty  (Pope.  1915) . l lowever .  cau t ion
is  s t i l l  necessar ) 'when us ing  Mo and S to  cont ro l  C 'u
toxic i ty in sheep because of  the complex naturs of  C.u
metabo l ism in  the  bod l ,and the  d i f f i cu l t i , ' i n  p red ic t ing
and monitor ing the responses of  M cl  and S cln Cu rn the
body ' (F{arker .  1976) .1 -he  danger  ex is ts  tha t  a  s ta te  r i f
Cu def ic iencv ma),  be induced due to excess Mo con-
sumpt ion .  The w ide  range o f ' recomrnendat ions  o f  Mo
and S lcve ls  fo r  t rea t ing  or  p rc rcn t ing  Cu tox icos is  in
sheep,  as  sumnrar ised  by  Pope (1975) .  s i resses  the
unce r ta in tv  p reva len t  in  th is  f ie ld .  In te rac t ions  o f  th is
k ind  conrp l i ca ts  in te rprc ta t ions  and a lsc l  p rcd ic t ions
regarding Cu metabol ism in sheep. Against  th is back-
ground a t r ia l  was carr ied out in lvhich di i lere nt  levels
of  Cu and Mo 'nvere fed to sheep in order to examine the
responses in the hodir  due to these mincrals.

Procedure

E-rparirnt'nlni anintuls, treatntents and procedttrcs

ln  th is  t r ia l  56  Cor r ieda le  wethers  be tween l f i
and 2 years of  age we re div idect  into seven groups of8
shecp each. J 'hc t reatrnents were:

Treatment P a pre-exper inrental  s laughter group:- l - reatment 
I  - -  h igh Cu. high Mo for 92 day's:

Treatment 2 -  rnedium Cu. high Mo for 92 days;
Treatment 3 -  low Cu. high Mo for 92 da,vs:
Treatrnent 4 high Cu, medium N, lo for  l l l2 da1's:
l - reatment 5 medium Clu,  medium Mo I 'or  I tJ2 day's:
T r e a t m e n t  6 -  i o u ' C u .  m e d i u m  M o  f o r  1 8 2  d a v s

The groups receiv ing t reatments I  ,2 and 3 were
slaughtered af ter  92 days and the remaining 3 t reat-
ment groups a{ ' ter  182 day's on the treatments.  Dur ing
the  182 days  Groups  4 ,  5  and 6  rece ived approx imate lv
the  same to ta l  quant i t y  o f  Mo as  groups  l .  2  and 3  over
92 davs .

N { i l l e d  I ' c l d  h o y  ( p r e d o m i n a n t l y  I - h e r n e c l a
tr iundru) and a concentrate mixture consist ing of
69.4cit maize meal. 22.8(,l i  commercial beef concen-
trate high in urea. 6.27c blood meal and l .6Vc;
monocalc ium phosphate were fed.

Add i t iona l  Cu in  the  fo rm o f  cupr ic  su lphate  and
Mo as  ammonium molybdate  wcre  inc luded in  the  con-
centrates suppl ied.  The sheep q,ere group-fed once a
dav in concrete f loored pens. Tap water was avai lable
ud l ih i tunl .  

- l -he 
body masses of  the sheep were detcr-

mined once a  month  a i te r  18  hours  o f  s ta rva t ion .
Jugular blood samples were taken at  regular intervals
for the determinat ion of  haemoglobin and packed cel l
v o l u m e  ( P C V )  i n  u ' h o l e  b l o o d  a n d  C u  a n d  M o  i n  t h e
plasma. The sheep were slaughtered at  the Pieter-
mari tzburg abattoir  and l ivers and kidneys were
co l l cc ted  f rom each sheep.  Samples  were  dr ied  a t  80oC
for dry '  matter deterrninat ions.  These dr ied samples
were kept l 'or  fur ther analyses.

Analr t ical  nret l tods

Cu.  Fe .  Zn  and Mn conten ts  o f  feeds  and t i ssues
were  < tb ta ined us ing  a tomic  absorp t ion  spec t rophoto-
metrv al ' ter  wet acid digest ion.  Plasma Cu was deter-
mined d i rec t l v  on  d i lu ted  p lasma.  Ca,  P  and c rude
pro te in  de ter rn ina t ions  u 'e re  donc  on  an  au to-ana lvser
and S accord ing  to  the  method o{ 'B Ianchar .  Rehm &
Caldrve l l  (1965) .  A  molybdenum- i ron- th iocyanate
method as  mod i f ied  by  B lanre l ' (1911)  was used 1 'o r  the
Mo c le te rmina t ion  a{ ' te r  a  wet  ac id  d iges t ion .  However .
a  50  :  50  mix tu re  o{ ' i so-anrv l  a lcoho l  and ch lo ro fo rm
was used as  the  sx t rac tan t  ins tead c l f '  carbon te t ra -
ch lo r ide  and iso-amyl  a lcoho l .  PCIV was de termined by , '
a  mic rohaen ia tc lc r i t  method and haemoelob in  w i th  a
Boehr inger  s tandard  k i t .

The F-  and Student 's  t -  tes ts  were  used to
compare di f ferences betrveen treatments.  [ -ogar i thmic
transfcl rmat ions \4 'ere emplol ,ed to reducc di lJ 'erences
in  var iance be tween t re  a tme n ts  when th is  rvas  ind ica ted
b 1 '  B a r t l e t t ' s  t e s t  o i  h o m o g e n c i t y  o 1 '  r , ' a r i a n c e
(  Sncdecor .  I959 ) .

Resu l t s

Fecd i t t lake and cottt i to.: i t iort of '  rut ion.s

Each sheep consumed an aver : lge o f '  236 g o l
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concentrate DM I day while the average veld hay intake
per sheep was 770 g DM/day. The daily and total Cu,
Mo and S intakes of the sheep are presented in Table l.
Total Mo intakes amounted to approximately the same
quantity for each group, although the daily intakes per
sheep di f fered <iepending on the length of  the
experimental period. The Cu : Mo ratios varied

Clinical condition and bodt' moss

No clinical sign of abnormality due to any
treatment was observed during the trial. Changes in
body mass at any one stage of the trial were not
significantly different between treatments. An average
increase in mass of 6,1 kg was recorded for the first 92
days of the trial and a further increase of 4,0 kg was
observed in Groups 4, 5 and 6 during the last 90 days of
the trial.

Mineral contenl of bodv tissues

(a) Liver

The amount and the concentration of Cu in the
livers increased in direct proportion to the total

between 0,61 and 3,05. The average daily intakes of
other nutrients per sheep were: 87 g crude protein,
10,8 g Ca, 3,3 gP,41 mgZn,258 mg Mn and 707 mg Fe.
The high level of Fe intake during this trial was due
mainly to a high Fe content in the veld hay used
(804 mg Fe/ kg DM) and the contribution derived from
the blood meal.

Table I

Treotments and overage copper, ntolvbdenum and sulphur intakes

amount of Cu consumed during the trial. This increase
occurred independently of the daily amount of Cu con-
sumed and was not lnlluenced by trre daily rntake of
Mo (Table 2). The linear increase in hepatic Cu content
(Y) with increase in total Cu intake (X) is depicted in
F ig .  l .  The regress ion  Y:8 ,55  +  0 ,0133X wi th  n :48
and r - 0,719 describes this relationship. Average
hepatic Cu retentions during the trial were therefore
relatively constant and represented between l, l8 and
1,9770 of the total Cu intake. Variations in l iver Cu,
both within and between treatments, were large, eg. in
Treatment 4 the l iver Cu concentrations varied
between 630 ano 2 680 mg/ kg DM. The variations rn
liver Cu content within treatments tended to increase
with increasing Cu intakes and this tended to reduce
the statistical significance of differences between treat-
ment means.

Treatments Durat ion Copper Molybdenum Sulphur

days per day total
mg mg

per day total
mg mg

per day total
g g

P Pre-experimental

I  High Cu. High Mo

2 Med Cu, High Mo

3 Low Cu, tl igh Mo

4 High Cu, Med Mo

5 Med Cu, Med Mo

6 Low Cu. Med Mo

0

92

92

92

1 8 2

t82

t82

69,7 6 412

39,2 3 606

24,2 2226

67 ,7 12 321

40,6 7 389

25.5 4 641

31,7 3 469

38,8 3 570

39,7 3 652

22,2 4 040

21,3 3 977

20.5 3 731

2,13 196

2, lg  201

2,06 190

2 ,17  395

2,22 404

2,05 373
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Table 2

The levels and occumulation of Cu in the livers of sheep receiving dffirent levels of Cu and Mo

Total
Cu

intake
Treatments mg

Concentration
mg Cu/ kg DM

Total
Cu content

mg

Ltver (+ SE of mean)
Average*

Cu
retention

To

Mean log Mean log
Cu

concentration Total Cu

P

I

2

a
J

4

5

6

LSD

0

6 4t2

3 606

2 226

t2 321

7 389

4 641

346 + 5l

l 0 l 3  + 9 4

7 t5  +  49

592 + 73

| 730 t 2t5

t 0 2 3 i 8 7

888 + SZ

4 l  +  6 ,8

1 3 l  +  l 3 , l

94  +  7 ,1

g0  t  13 ,3

218 t 26,8

t23 t 12,8

l l l  +  l 4 , l

0

1,49

1 ,59

1,97

1,47

l , l 8

1,60

2,500

2,994

2,846

2,730

3,205

2,998

2,934

0,162

0,216

1,563

2,104

1,963

1,846

2,310

2,076

2,021

0 ,176

a,236

570

l%o

)

CD

CD
>1
(t)

0a

*Given as 7a of total Cu intakes after subtraction
from body mass of sheep at onset of trial relative

of pre-experimental l iver Cu levels. These levels were calculated
to that of pre-experimental slaughter group and its average liver

Y : 8 , 5 5  +  0 , 0 1 3 3

r  :  0 , 7 1 9

n  : 4 8

l2 000

Vertical bars represent S E o/'meons

total amount of Mo fed in each treatment was the same.
When compared with Cu, however, the fraction of the
total  Mo consumed which accumulated in the l iver was
considerably less.

Cu concentrat ion.

200

100

4 000 8 000
Tota l  Cu in take (mg)

Fig. I Total Cu ac'cumulation in the livers of sheep ot dffirent intakes o.f Cu.

In contrast to Cu, the accumulation of Mo in
liver was related not to the total intake of Mo, but to
t h e  d a i l y  a m o u n t  o f  M o  c o n s u m e d  ( T a b l e  3 ) .
Significantly more Mo (P < 0,01) was retained at the
high daily intake levels than at the low, even though the

1 5 0

50

40



Table 3

The level and accumulation of Mo in the livers of sheep receiving dffirent dietqr_v' Ievels qf Cu and Mo

Treatment Intake
mg

Molybdenum** (t SE of mean)

Concentration Total content
mg/ kg DM mg

Retention*
%o

P
I
2
a
J

4
5
6

0
3 468
3 570
3 652
4040
3 877
3  731

2,9"  +.0,31 0,34u + 0,047
28, lbd+ l ,60 3,62b + o,2 l l
24,4bd+ 3,01 3,180 + 0,350
27,6bd+ 2,41 3,69b + 0,412
9 ,5b  +  0 ,83  l ,2 lu  +  0 ,123
9 ,9b  +  0 ,68  l , l 9 ' t  0 ,096
9 ,5b  +  0 ,60  l , l 5u  +  0 ,067

0
0,095
0,080
0,092
0,022
0,022
0,022

* Pre-experimental level subtracted; 7o of total Mo intake

**Values within columns with different superscripts denote significance at P < 0,01

The concentration of Fe in the l iver (Table 4) was significantly higher (P < 0,05) than in the other
during the trial tended to increase as the Cu intakes treatments. The relatively low Fe concentration in the
decreased. This was particularly evident in Treatment 6 l ivers from Treatment 5 is diff icult to explain; low Cu
(low Cu, medium Mo) where the Fecontentof theliver levels in the l ivers were also observed in this group.

Table 4

The concentration qf Fe and Zn in the livers of sheep receiving different levels of dietary Cu and Mo (t SE of mean)

Treatment
Liver Fe*

mg/ kg DM
Liver Zn*

mg/ kg DM

P
I
2
3
4
5
6

530" t  52
4344 + 49
5 5 2 ' t  5 l
548c t  45
496" t  8l
400udt 34
697b+45

I 1 5 "  f  4 , 0
109 t  3 ,3
l04bf x.2,2
l28d.'t 6,2
I 1 0 .  t  5 , 6
I  l 0 '  t  3 ,5

*Different superscripts within columns designate differences between treatment averages:a - b and c - d at

P < 0,05 and e - f at P < 0,01 levels of significance.

(b) Kidnev cortex

The amount of Zn which accumulated in l iver The concentration of Cu in the kidney cortex
tended to follow the pattern of Cu storage (Table 4). increased significantly above the pre-experimental
Significantly higher amounts of Zn were present in the slaughter level. Differences between the other treat-
l ivers of sheep in Treatments I and 4 (high Cu). The ments were not statistically significant (Table 5).
presence of Mo had no apparent effect on the finalZn Although the difference in Zn level between Treat-
content of l iver. ments 3 and 4 was significant (P < 0,05), no trend

according to Cu or Mo treatment was apparent.
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Table 5

Mean concentration of Cu, Mo and Zn in the
receiving dffirent dietary levels of Cu and

kidney cortices of sheep
Mo (t SE of mean)

Treatment
Cu*

mg/kg DM
Mo*

mg/ kg DM
Zn*

mg/ kg DM

P
I
2
3
4
5
6

I  l , 9a  t  1 ,0
23,4" t  1,3
24,2" f 1,0
22,2"  t  1 ,0
21,6"  t  1 ,6
17,7b t 0,3
17,5b + 0,5

59,2u t  5 ,3
4 9 , 1 a + . 7 , 4
64 ,0u+  7 ,7
16,2"  + 3,0
I 3 , l ' t  1 , 6
12 ,2 '+  0 ,7

90,4 i 2,9
87,0 + 3,4

93,6u + 4,0
94,3b + 3,2
90 ,1  +  3 ,3
95,3 * 2,4

The Mo concentration in the kidney cortex
followed a similar pattern to that seen in l ivers, i.e. high
liver concentrations in those groups receiving the high
daily Mo intakes and low levels at the low daily intakes.
The Fe concentrations of some kidney cortices in each
of the treatments were exceptionally high, and for this
reason these values are not reported here.

differences between

of significance.

treatment averages:

(c) Blood plasma

The Cu and Mo levels of  p lasma dur ing the t r ia l
remained more or less constant during the different
stages and averages are therefore presented (Table 6).
No statistically significant differences were observed in
the plasma Cu levels between treatments.  Plasma Mo
levels followed the same pattern as Mo concentrations
in the l ivers and kidney cort ices,  wi th substant ia l ly
higher levels at the high daily Mo intakes than at the
low intakes.

* Different superscripts

a - c a t P ( 0 , 0 l a n d

within columns designate

a - b a t P < 0 . 0 5  l e v e l s

Table 6

Average concentrotions of Cu and Mo in plasma of sheep fed di.fferent let,els o.f Cu and Mo

Cu (mg/ /) Mo (mg/ / )*

Treatments
First

92 days
Second
90 days

First
92 days

Second
90 days

1
2
3
4
5
6

l , l 0
l , l 3
0,93
l , l 4
I , 0 3
0,96

' 7  
5 a

7 5 a

6 , 4 0

?  5 c

1 7 c

z.g,

) 5

2,9
l , g

0,92
1,00
0.96

*Different superscripts within columns designate differences at P < 0,01 level of significance.

H aemat o lo gic a I param e t e r s

No changes or significant differences were
observed between treatments in PCV and haemoglobin

levels. PCV levels remained fairly low from the onset of
the trial and varied between 20 and 26V0. while
haemoglobin levels varied between 9 and l3 gl 100 ml
blood. Faecal worm egg counts revealed no traces of
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internal  parasi te infestat ion as a
for th is.

poss ib le  c rp ianat ron

Discussion

C opper-nt o l.t' hclenu nt in I e ruc t i ttrr

The presence of  S is considered to be essent ia l  tcr
the  CLr -Mo in te rac t ion  (D ick .  1954,  D ick  e t  n l . .  1915)
and S is also bei ieved to reduce N' lo retei t t ion in the
body.  A  d ie ta ry  S  in take  o1 ' less  than 2  g t  sheep, 'day  w 'as
effect ive in reducing hepat ic Cu retent ion.  prcsunrablv
by  i t s  e f fec t  on  the  C lu-Mo in te rac t ion  (D ick .  1954;
R o s s .  1 9 6 6 :  M a r c i l e s e .  A m r n e r t n a n ,  V a l s e c c h i .
D u n a v a n t  &  D a v i s ,  1 9 7 0 ;  B r e m n e r  &  Y o u n g .  1 9 7 8 ) .
However .  Grace & Sut t le  (  1979)  conc luded t .ha t  d ie ts
low in degradable SO., : -  content did not l 'avour the
t 'o rmat ion  o f  th iomolybdates .  ccmpounds suggested
b y  S u t t l e  ( 1 9 7 4 b )  a n d  D i c k  e r  u l .  ( 1 9 7 5 )  t o  b i n d  C u .
Dick (  1954) had previously found that increasing levels
of  SO12- (r is ing f rom I  g to 6 grsheep, 'day) ser l 'ed tcr
decrease hepat ic Cu retent ion.  l -he extent of  the
reduc t ion  depended on  the  concur ren t  in take  o f  Mo.
When the Cu and the SO.:-  intakes were held constant.
increased amounts of  d ietary Mo ( f rom 20 mg to 100
mg7 sheepiday) had l i t t le ef fect  on l iver C-u retent ion by
sheep.

In  the  prcsent  t r ia l  the  da i l y  S  i r i takes  o f  a l l sheep
rvere held constant at  about 2,0 g per day, a le\ , 'e l  shown
to be adequate for  the promot ion of  the Cu-Mo inter-
act ion.  The Cu and Mo intakes were var ied in the
di f ferent t reatments giv ing C'u :  Mo rat ios over the
range 0.6 to 3,0.  Under these circumstances Mo fai led
to al- fect  hepat ic Cu retent ion.  This f inding is un-
expec ted  in  the  l igh t  o f  o ther  repor ts  (D ick .  1954:  Ross .
1966; Harker,  1976\.

Heput it '  ( '() l) l)(r r(tent it tn

The l inear  inc rease in  Cu accumula t ion  in  the
l iver wi th the increase in Cu intake observed in th is t r ia l
corresponded wel l  wi th s imi lar  observat ions by Dick
(1954) .  Hemingway & MacPherson (1967) .  However .
much higher dietary Cu lev 'e ls were required in the
present  t r ia l  to  ach icve  l i r ,e r  f 'u  leve ls  approx imat ing
those reported b1'  Dick (  1954) and Flemingwa) '& Mac-
Plrerson (1961).  

- I 'he 
proport ion of  d ietary Cu retained

in the l iver was between 1.2 and 2.0c, , i  as contpared to
3 .3  to  5 r ' i  ,2 .96  to  3 .0  l ( i  .4 .4 t ' i  and  -1 .2  to  t l .3 f  1  repor ted
b y '  D i c k  ( 1 9 5 4 ) .  M a c P h e r s o n  &  H c r n i n g u ' a l '  ( 1 9 6 5 ) .

Hemingway & Macl 'herson (  196l)  ancl  Sutt le.  Mutrro

& F ie ld  (1978)  respec t ive ly .  Wi th  the  use  o f  hypocup-

raemic ewes and the Cu deplet ion-replet ion technique.

Sut t le  (1914a)  found tha t  the  t rue  ava i lab i l i t y  o f  d ie ta ry

Cu in the body of  sheep var ieci  between 4.1 and I  l ,1o/ct .

' fhe 
relat ivelv low retent ion of  d ietary Cu in the

l i r , 'ers of  the sheep used in the present t r ia l  is  d i f  f icul t  to
explain.  With the f ixed level  of  d ietary S. the two levels
of  lVlo tested. had no apparcnt ef fect  on Cu storage in
rhe l iver.  However.  s ince higher amounts c l f  d ietary Cu
were necessary to achier, 'e Cu levels in the l iver s imi lar
to  those repor ted  by  D ick  (1954) .  i t  i s  poss ib le  tha t  the
Mo :  SOrr -  combina t ion  d id  have some inh ib i t ing
ef l 'ect  on the body storage of  Cu. On the other hand,
Hu is ingh & Mat rone (  1976)  suggestc 'd  the  fo rmat ion  o f
CuS to bc rnore s igni f icant in rcnder ing C-u unavai l -
ab le  to  thc  ruminant  than the  in te rac t ion  o f  Cu u ' i th
Mo,  and a  d ic ta rv  S  lcve l  o f  abore  2  g ,  kg  feec l  was
suggested  by  Sut t le  (1974c)  as  essent ia l  fo r  e l i c i t ing  a
depressing ef l 'ect  of  ! l  on Cu atrsorpt ion.  Avai labi l i t .v  of
Cu w i l l  depend on  the  poo l  o f  rumina l  S : - .  Hu i : ; ingh  &
Mat rone (19 i6 )  po in ted  ou t  tha t  Mo a f l 'ec ted  the  poo l
o l '  su lph ide  by  inh ib i t ing  the  reduc t ion  o f  SOr2-
However.  wi th methionine as the source of  S.  Iv ' lo did
not inhibi t  Sl  I 'ormat ion.  Thel '  < lbserved that Mo
aggravated a state of  Cu def ic iency in sheep when
nrethionine \4 'as the sourcc of  S but ai leviated the Cu
def ic iency  when SO. , : -  was  supp ly ing  the  S.  In  the
present t r ia l  the S u,as probably mainl-v.-  in the amino
acid f 'orm which could lead to considerable Sr-
format ion even at  a level  of  about 2 g,  sheep, iday.  This
may have cont r ibu ted  to  the  low Cu re ten t ion
observed. s imi lar  to the observat ions bv Huis insh &
Mat rone (  1976) .

I t  was  no t  poss ib le  to  es tab l i sh  to  what  ex ten t  the
high Fe intakes dunng tnc t r iat  contr ibuted to the low
l i r , 'er  Cu retent ion.  Standish,  Ammerman" Sinipson.
Neal & Pahner (  1968) reported that high levels of
dietary Fe (at  400 mg Fe, '  kg DM and above) decreased
the  ava i lab i l i t y  o f  d ie ta ry  Cu to  cau le .  Abde l la t i f  (  l96 t t )
made simi lar  observat ions in sheep. but tested the
effect  only at  very high Fe intakes. lhe decrease in l iver
F-u concentrat ions u ' i th increased Cu intakes. observed
in the present t r ia l ,  indicated that sonte interact ion
nrust  have taken place between Cu and Fe.

' Ihe 
dai ly Zn intake of  the sheep (41 mglsheep/

da.v) was well below the levels of 220and420mgZnlkg
diet  at  which Bremner.  Young & Mi l ls  (  1976) observed
decreased hepat ic Cu retent ions due to the Zn intakes.
A tendency lor  hepat ic Zn concentrat ions to increase
with increased Cu intakes was observed in the present
tr ia l .  This is in agreement wi th observat ions bv Sutt le &
Mii ls (1966) and Ci ipp,  Pond, Kal l fe lz,  Tasker,  Van
Campen. Krook & Visek (1974) on pigs,  and suggests
the existence of some interaction between Cu and Znin
the body. I  he increase in l iver Zn concentrat ions at
high Cu intakes as observed by Sutt le & Mi l ls  (  1966)
was considered to be a manifestat ion of  Cu- induced Zn
def ic iency in pigs (Bremner & Marshal l ,  1974).

Br i t ish sheep breeds have been found to be more
suscept ib le to Cu toxicosis than Corr iedales,  wi th the
lv{er ino being the least  suscept ib le of  the sheep breeds
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tested (Edgar, Hindmarsh, Keast & Rose, l94l;
Marston & Lee, 1948). Wiener & Field ( 1969) reported
variations depending on breed, in the relationship
between liver Cu levels and hypocuprosis observed in
Brit ish sheep breeds. Variations in l iver Cu content at
the onset of the trial and possibly uneven Cu intakes,
because of the group feeding regime. must have con-
tributed to the wide variation observed in hepatic Cu
content within treatments. This may explain the lower
Cu and Fe retentions observed in Treatment 5 of this
trial as compared with the other treatments. However,
differences within treatment groups in the genetic
abil ity of the sheep to absorb andlor to retain Cu may
have been responsible for some of the variation. Todd,
Gracey & Thompson ( 1962) observed a wide variation
in hepatic Cu concentrations in sheep receiving the
same dietary Cu levels. This would explain rvhy usually
only a small proportion of a flock succumb to Cu
toxicity (Todd, 1969). It therefore seems possible that
genetic differences due to sheep breeds may have been
partly responsible for the lower hepatic Cu retentions
observed in the present trial as compared with those of
other workers.

Corbett, Saylor, Long & Leach ( 1978) suggested
th4t the close relationship between dietary Cu and liver
Cu as observed by Dick (1954) indicated the existence
of very l itt le homeostatic control over Cu absorption
by sheep; this is contrary to the position reported for
other species (Beck, 1963; Mi lne & Weswig,  1968;
Fisher, Wise & Filmer, 1972; Hedges & Kornegay,
1973). However, Suttle et al. (1978) noticed some
evidence for the existence of  homeostat ic control  in the
Cu absorption and retention in sheep at high Cu
intakes. In the present trial this l inear relationship
extended to well within the range of hepatic Cu concen-
trations at which Cu toxicity can be expected (Harker,
1976) and well above the levels recorded by Suttle el a/.
(1978).  Dick (1954) had also observed a s l ight ly
decreased Cu retention at his highest level of dietary Cu
intakes. Neethl ing,  Brown & De Wet (1968) measured
not only a reduced absorption of Cu6a at high doses,
which they ascribed to some regulatory mechanism at
high Cu intakes, but also increased Cu absorptions in
Cu-depleted sheep. In view of these observations by
Neethling et al. (1968), true Cu availabil ity estimates
calculated with the use of the Cu depletion-repletion
technique (Suttle, 1974a) may not give a true reflection
of Cu availabil ity under natural conditions.

M o l_t'bdenum me t ab o li sm

Mo concentrations in the l iver, kidney cortex and
plasma in the present trial seemed to follow the level of
Mo intake. This impl ies that  the Mo concentrat ion in
these organs may be used as parameters of the Mo
status of  sheep. Cunningham & Hogan (1959) found
the Mo concentrations of the bone, kidneys and spleen
to be related to Mo intakes. Lesperance & Bohman
(1963) suggested the use of  Mo levels in plasma and
liver as indicators of the Mo status and the danger of
Mo toxic i ty in cat t le.  Symptoms of  molybdenosis per
se, vrz. diarrhoea and anorexia, as observed in cattle,
are seldom encountered in sheep (Cunningham &
Hogan, 1959; Ward, 1978).  Furthermore, the observa-
t ion in the present study that the Mo levels in the
organs and plasma tended to vary depending on levels
of  dai ly Mo intake. rather than total  Mo intake dur ing
the tr ia l ,  indicates that Mo in the sheep body is fa i r ly
transient, irrespective of Cu intake. This would l imit
the value of  t issue Mo concentrat ions in predict ing the
overall Mo status of an animal, though high plasma
Mo levels would indicate excessive Mo intakes on a
short  term basis (Lesperance & Bohman. 1963).

Molybdenosis as observed in sheep is usual ly
expressed in the form of induced hypocuprosis.  The
presence of S in the diet was found to be essential to
el ic i t  th is act ion of  Mo on Cu in the body (Dick,  1954:
Suttle, 1974c). However, the addition of S to a diet is
also accompanied by a decrease in tissue Mo concen-
trat ions (Dick,  1956).  Plasma and t issue Mo levels
would be, therefore,  of  l i t t le value in predict ing induced
hypocuprosis in sheep. In fact ,  low plasma and t issue
Mo levels may be even potentially more dangerous
than high levels. The use of a Cu : Mo ratio in feed as
suggested by Milt imore & Mason (197l) for predicting
the r isk of  molybdenosis in cat t le,  would also be
unreliable for predicting induced hypocuprosis in
sheep i f  the S content of  the diet  is  unknown. This is
well demonstrated in the present trial where 6 different
ratios of Cu : Mo were fed, without affecting hepatic
Cu retentions.
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