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OPSOMMING: DIE INVLOED VAN SWAWEL IN DIE DIEET OP KOPER. EN MOLIBDEENMETABOLISME IN DIE SKAAP

SKAAP

Verskil lende hoeveelhede S is aan skape verskaf wat hoE peile Cu (55 mg/ skaa p I dag en Mo (34 mg/ skaa p I dag) in hulle rantsoene ont-

vang het. Teen S-innames van 2,9, 4,0 en 5,3 gi skaap I dagwas die retensies van Cu rn die lewer 0,247o,0,1670 en -0,0470 van totale Cu-inname

respektiewelik. 'n Verhoging van S in die rantsoen van2,9 tot 4,0 g het gelei tot betekenisvolle verlagings in die Mo-konsentrasies in die plasma,

milt, longe, spierweefsel en testes. Geen verdere verandering in Mo-peile in hierdie weefsels is waargeneem met'n verdere verhoging in die S-

inname van 4,0 tot 5,3 g/ skaap/ dag nie. 'n Hoe positiewe verwantskap (r : 0,916) tussen Cu- en Mo-konsentrasies van die nierkorteks is waarge-

neem in die hob S-groepe (4,0 en 5,3 g S). Dit is voorgestel dat hierdie korrelasie die gevolg is van die onttrekking van Mo uit die niere deur S, soos

waargeneem in die ander organe, met 'n gelyktydige opbou van Cu- Mo- verbindings in die niere wat onbeskikbaar vir die l iggaam is.

SUMMARY:

Different levels of dietary S were supplied to sheep receiving high levels of Cu (55 mg/sheep/day)and Mo(34 mg/sheep/day) in their

rations. At S intakes of 2,9,4,0 and 5,3 g/ sheep/ day the hepatic Cu retentions expressed as percentages of total Cu intakes, were0,247o,0,l l7o and
-0,04%o respectively. An increase in S in the ration from 2,9 to 4,0 g resulted in significant decreases in Mo concentrations of the plasma, spleen,

lungs, muscle and testes of the sheep. No further changes in Mo concentration of these organs were observed with a further increase of S from

4,0 to 5,3 g/sheep/day.

At the S intakes of 4,0 and 5,3 g/ sheep lday,a positive correlation (r: 0,916) was obtained between the Cu and Moconcentrations of the

kidney cortex. Such a high correlation may arise because of the depletion of Mo from the kidneys due to the additional S, as observed in the other

tissues, while at the same time compounds containing Cu and Mo (unavailable to the body) accumulated in the kidneys.

From the l iterature it appears to be the accepted
practice to supply additional S whenever Mo is used in
the treatment or prevention of Cu toxicosis in sheep
(Pierson & Aanes, 1958; Van Adr ichem, 1965; Ross,
1970; Harker, 1976). Garner ( 1963), for instance,

recommended the daily addition of between 0,3 and I ,0 g

sodium thiosulphate with 50 to 500 mg ammonium
molybdate to control Cu toxicity in sheep. Suttle
(1975) pointed out that  natural  var iat ions in S and Mo
content of grazing could influence the Cu status of the
grazinganimal, while Ward ( 1978) suggested the use of
the protein content of a ration as an indication of the S
content of the diet. The importance of the S content in
the.basic diet  was demonstrated by Van Ryssen (  1979).

A trial was carried out in which different levels ol '

S were suppl ied af ter  a per iod of  Cu accumulat ion in

the body. to determine the ef fect  of  level  of  S intake on
the Cu and Mo metabol ism of sheep receiv ing high
leve ls  o f  thcse  minera ls .

Procedure

Experimental onimals, trealments and procedure

Thirty S.A. Mutton Merinos, age l/rto 2 years,

were divided into 5 groups consisting of 5 rams and I
wether per group. All groups received a diet high in Cu
and Mo, but low in S for the first 42 days of the trial.
One group was slaughtered after 42 days (Initial

slaughter), I group (Low S) was kept on the low S.
ration to the end of the trial, while the remaining 3
groups received the medium level of additional S for a
further 42 days. At this stage I of the latter groups was
slaughtered (Mid-slaughter), I group was left on the
medium S ration (Medium S), while the last group
received an even higher level of additional S (High S).
These 3 remaining groups were slaughtered after a
further 70 days on their respective treatments. The
treatments applied and the actual Cu, Mo and S
intakes are given in Table l.
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Veld hay and a concentrate mixture consisting of

8670 maize meal and 4,670 each of urea, salt and

monocalcium phosphate were fed to the sheep.

Additional Cu in the form of cupric sulphate, Mo as

ammonium molybdate and S as sodium sulphate were

mixed into the concentrates fed. The sheep were group-

fed once a day in concrete floored pens. Tap water was

available ad libitum. The body masses of the sheep
were determined once a month after l8 hours of

starvation. Jugular blood samples were taken at

regular intervals for the determination of haemo-
globin and packed cell volume (PCV) in whole blood

and Cu and Mo in the plasma. Serum glutamic oxalo-

acetic transaminase (GOT) concentrations were deter-

mined towards the end of the trial to monitor t issue

damage in the body (Van Adrichem, 1965).

The sheep were siaughtered at the Pietermaritz-

burg abattoir. Livers, kidneys, spleens, lungs, testes

and 5 X 5 cm muscle samples from the M. longissimus

dorsi were collected from each sheep. Samples were

dried at 80o C for dry matter determinations and kept

for further analyses.

Analytical methods

Cu. Fe. Zn and Mn contents of feeds and tissues

were obtained using atomic absorption spectrophoto-
metry after wet acid digestion. Plasma Cu was

determined directly on diluted plasma. Ca, P and crude
protein determinations were done on an auto-analyser
and S according to the method of Blanchar, Rehm &
Caldwell (1965). A molybdenum-iron-thiocyanate
method as modified by Blamey (197l) was used for the
Mo determination after a wet acid digestion. However,
a 50 : 50 mixture of iso-amyl alcohol and chloroform
was used as the extractant instead of carbon tetra-
chloride and iso-amyl alcohol. PCV was determined by
a micro-haematocrit method and haemoglobin and
GOT with Boehringer standard kits.

The F- and Student's t- tests as described by
Rayner (1967) were used in the statistical analyses.

Results

Feed intake and composition of rations

An average intake per sheep of 893 g DM in the
form of veld hay and 176 g of the concentrate mixture
on a dry basis, was recorded. Treatments and average
daily Cu, Mo and S intakes for the various stages of the
trial are presented in Table l. The average ratio of Cu :
Mo in the ration was I ,63 : l. The average daily intake
per sheep of other nutrients during the trial were: 96 g

crude proteln,  9,5 gCa,2,9 gP,29 mgZn,256 mg Mn
and 493 mg Fe.

Table I

Treatments, average Cu and Mo intakelsheeplday during the experiment and average S intakeslsheeplday

during the different stoges of the trial

Copper Molybdenum Su lphur

First 42 days Second 42 days Last 70 days

per day Total per day Total per day Total
g g C g C g

Treatments

Mid-slaughter

Low-S

Medium-S

High-S

2.88

2,88

13,9

34;l

per day
mg

Total

mg

l 424

2915

5 405

5 091

5 057

2.88

2 .88

2.88

t62

125

t62

t62

2,90 203

4.0 r 281

5.30 3t  I

3 .86

, a,t

3.86t2l

t2l

per day l-otal

mg mg

53 ,1  2230

55,9 4 696

58,2 8 963

56.3 8 670

53.6 8 254

Dura t ton

days
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Clinical condition and hody ntass

No cl in ical  s igns of  abnormal i ty due to any
treatment were observed. One sheep from the Mid-
slaughter group was lost  due to thef t .  A drop in body

mass was observed during the pre-experimental 42
days, but the mass of all groups increased slightly for
the rest of the experimental period (Table 2). No statis-
tically significant differences in body mass were
observed between treatments.

moss betu'een the varictus stages of the trialT'he average bodr

Table 2

trlo.es of'the sheep and t'hartges in

Treatment

Ini t ia l
lnASS

k g

Mass at
42 days

Mass Ciain*
kg  kg

Mass at
84 days

Mass Gain*
kg kg

Mass at
154 days

Mass Ga in*
kg kg

I ni t ia l -s laughter
Mid-s laughter
Low-S
Medium-S
High-S

49.3
52,4
52.4
5 l . t i
52.0

44,5
46.5
47.8
4 J . 2
41.2

- 4.tl
5 ,9

-  4 .6
,  4 .6
- 4.tt

47.0
49,3
49.3
49,5

0 .5
1 , 5
2 , 1
) 1

50.7
5 l , l
50,8

1 , 4
1 , 8
1 . 3

* Difference from prev'ious period.

Mineral ( 'ontent o/' hody /i.r.rrres

(a) I . iver

Ver\ ,  l i t t le accumulat ion of  Cu or Mo took place
in the l iver af ter  t l re f i rst  42 days of  the t r ia l  ( ' l -able 3).
- Ihe 

addi t ion of  S to the diet  resul ted in negat ive Cu
retent ions in two treatment groups. the lv l id-s laughter
and High-S groups. J-hese C'u levcls were s igni f icant ly

( ' o p p c r * * *

r r tg  k r  I ) l \1

(P < 0.01) lower than those found in the low S group.
Mo concentrat ions in the l iver decreased dur ing the
per iod when dietary S intakes were increased to below
the level  of  the ln i t ia l -s laughter group. Negat ive l iver
Mo retent ions were observed in al l  groups as compared
to the Init ial-slaughter group, though differences
between groups were insigni f icant.

Table 3

-[-he 
level.s und act'tutrulatittrt o.f'Cu and ilfo in the lit'er.s of'.:heap rece[t,ing di//erent let,el.s q/'S (! SE af means)

I n t u k c

nt L'

Molybdenum** *
Liver

mg kg I)N'l ntg
Retent ic ln*

r(

. 1 7 9  : 5 9

. t l 7 '  -  . 5 1

: 1 5 ' 1 1 6

- l i s  I  l l

l . 1 l ' :  l { ,

.5  1 .1

.19 . ( r

( )9 .  I

().1. I

5 l . l

()* *

I  . 1 9 1

l 9 t l

.l (.7.1

r  o { -1

| ..19

0 .9E

l . t - 5

1 .06

l . 1 , 1

0

0.0t4

0.009

0 . 0  I 2

0 . 0  t 0

1 0 . 7 "  1  1 . - 1 s

6. '1n i  t ) . -51

8 .6 ' '  r -  0 .76

7.6 |  0.1{  |

r . r  t  o . f ( l

Pre -expe r - imcn ta l  l e ' , e l  sub t rac ted :  . l  o f  t o ta l  Cu  i n take

* *  L ' u  a n d  M o  i n t a k c s  d u r i n s  l i r s t , 4 l  d a v s  r l e d u c t e d

xx t<Va lucs  n  i t h l n  c t , . l un rns  pc r  t r i a l  u  i t h  t i i l ' f i ' r e  n t  supc rsc r i p t s  deno te  s i gn i f i cance :
a  b  a t  I )  <  0 .0 -5 :  i . l  c  t t t  I )  < -  0 .01  l c r c l s  o1 ' s i cn i f  i cance
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(b) Kidney cortex

Significant increases in cortex Cu concentration
were observed when additional dietary S was supplied
above the Low-S treatment (Table 4). The Cu concen-
trations in the cortices of the Mid-slaughter and
Medium-S groups (which received the same level of S
supplementation/ day) were similar, even though the
treatment period for the latter was 70 days longer than
for the Mid-slaughter group. A combined regression

equat ion wi th a correlat ion of  r  :  0,916 was observed
between the Cu and Mo concentrations in the kidney
cortices of the three treatments receiving additional S
above that of the Low-S level, viz. the Mid-slaughter,
Medium-S and High-S treatments (Fig.  l ) .  An average
atomic ratio of 2.15 was observed between the Cu and
Mo concentrations in these groups. For the Init ial-
slaughter and Low-S treatment groups, the average
correlat ion between Cu and Mo was r :  -0.02.

Table 4

The influence of dffirent levels of dietary' S on th.e concentration of Cu and Mo and the Cu : Mo ratio in the kidnet'
cortices (X. SE of means)

Treatment Cu
mgi kg DM

Kidney Cortex

M o
mg/  kg  DM

Cu :  Mo**
ratio

Init ial-slaughter
Mid-slaughter
Low-S
Medium-S
High-S

16,0b + 0,gg
29,3u + 2,94
lg,0b"+ 0,93
26,6u" + 2,50
40,3"d + 4. jo

l3 ,g + 2,24
l4,g + 2,41
1 7 , l  +  2 , 2 7
I  l , gc  +  1 ,67
18 .8d  t  1 .83

l , l 5  +  0 , 3 3
1 , 9 0  +  0 , l 2
1 , 0 5  +  0 , l g
2 ,25  +  0 ,10
2 , 1 4  +  0 , 1 0

* Different superscripts within columns designate differences between treatment averages:

a - b at P ( 0,01 and c - d and c - e at P < 0,05 levels of significance

**Atomic ratio
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Fig. I The relotionship betw,een Cu and Mo in the kidne),,
the groups receiving additional S, viz. E high-9, o
the groups without addition S, o initial-slaughter

cortices o.f sheep. A combined regression equationfor
med-S ond x micl-.slaughter" T'he correlation hetv'een

and * /ox ' - .S N'a.s R: 0.02.
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(c) Spleen, lungs, muscle and testes

The effect of dietary S supplementation during
the tr ia l  on Cu and Mo concentrat ions in the spleen,
lungs, muscle and testes is given in Table 5 and Fig.2.
Statistically significant differences (P < 0,05) in Cu
concentrat ion were obser l 'ed in the spleen between the
Ini t ia l -s laughter and Medium-S groups and in the
testes (P < 0,01) between the ear l ier-s laughter groups

and those kept in the trial for 154 days. The feeding of
additional S was associated with significant reductions
in the Mo concentrations in all the tissues. The effect of
addi t ional  S on Mo concentrat ions in these t issues
showed a non-linear pattern with a marked reduction
in Mo concentrat ion between the Low S and Medium S
treatments.  but  wi thout any addi t ional  reduct ion due
to further S supplementation.

Table 5

The et'fect of S supplententotion of the Cu and Mo levels (DM basis) in organs and tissue (t SE of means)

Copper*

Lungs
mgr  k8

Mo lvbdenum*

Treatment

ln i t ia l -s laughter

Mid-s laughter

Low-S

Med ium-S

High-S

+ 0,64 3.22 + O.A,g 6,2"

+  0 .52  -1 ,18  +  0 .35  6 ,8 '

Spleen
mgr kg

5.3 + O.ZO

4.4 + 0.25

4 . 2 b  +  9 , 1 j

5 .6  + 0 .38

Muscle
mgi kg

Testes
mgr  kg

Spleen
mgi kg

Lungs
mgi kg

Muscle
mg, i  kg

Testes
mgi kg

+ 0.42

+ 0,36

+ o ? 5

+ 0.50

+ 0.65

+ 0.79

+  0 . 1 4

+ 0.94 2,07"  +  0 .47

+ 0.07 0.52h +

+  0 .72 + 0.24

0 .50h  +

+ 0,90

+ 0,09

9.0

8.3

+ 0.43

+ 0 5 5

+ 0.6,1

3 .35  +

3.08 +

g . 7 '

g.2 '  +  9 .77

*Different superscripts within columns designate differences between treatment averages:
a -  b at  P (  0,05; a -  c at  P < 0,01 levels of  s igni f icance.

+ 0.40 0,42' + + 0.41

lungs, muscles or testicles were observed which could
be related to any treatment effect.

No statistically significant differences in the Zn
and Fe concentrat ions of  the l ivers.  k idneys, spleens,

Lungs

a

J
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(d) l'lasrna

Average plasma Cu and Mo concentrat ions for
the different stages of the trial are presented in Table
6. Changes in plasma Mo concentrat ions are depicted
in Fig.  2 and fol lorved the same trend a.s Mo concen-
trat ions in the other t issues. The addi t ion of  S.  i .e.

dur ing the second and third stages, resul ted in
increased plasma Cu and decreased plasma Mo
concentrations. The diff 'erence in plasma Cu levels
between the control  and the other groups receiv ing
addi t ional  S,  was not stat ist ical ly s igni f icant dur ing the
second 42 da.t t  per iod,  but was so dur ing the last  70 days
of the t r ia l .

P lasma Mo (mgl / )  *

First Second Last
42 days 42 days 70 days

Table 6

The e/'/ect o./' S supplententation on the plas'nta Cu ancl Mo ('oncentratiort.; during variou.s stage.r o/'the trial

Treatments

Ini t ia l -s laughter
N{ id-slaughter
Low-S
Mediunr-S
t{ igh-S

Plasma Cu (mgt (1  *

Second L.ast
42 days 70 days

First
42 days

Haentatological porameter.s ond serunl en:yme.\

No changes or significant dil ' ferences were
observed between treatments in the haemoglclbin and
PCV values, dur ing the var ious stages of  the t r ia l .
Haemoglobin levels varied between I I and l2,l gl 100 ml
blood and PCV between 27,2 and 3l,6Vc. The GOT
levels in serum were determined towards the end of  the
tr ia l .  These values var ied between 42and 56 ILI t lwi th
no signi f icant di f ferences between treatments.  Only
one sheep, in the High S group, had a GOT value of  104
lU l (  short ly bef ore i t  was slaughtered.

Discussion

Hepat it' cGpper retention

A relat ively iow rate of  hepat ic Cu retent ion
(0.24o1il was obsenred at a S intak e of 2,9 g,l sheep,/
day. Above this S level negatrve hepatic Cu retentions
were obtained. Reduced l iver Cu levels havs been
recorded at  S and Mo levels s imi lar  to those used in the
I-ow-S treatment of  th is t r ia l  (Dick,  1954: Harker,
1976;.  At  the levels of  Cu. Mo and S used i t  may be
concluded that the low hepat ic Cu retent ions were to a
great extent due to the Cu-Mo-S interact ion.

Sulphur in the Cu-Mo interat't iort

I t  is  evident f rom the resul ts that  l iver Cu
retent ions can be restr icted. or can be even rcduced to

1,92"
0,48'
0.49'

negat ive values at  a dietary Cu :  Mo rat io of  approxi-
mately 1.63. These resul ts substant iate the suggest ion
by  Mi l t imore  & Mason (1971)  tha t  the  danger  o f  Cu
def ic iencies due to dietary Mo existed at  Cu :  Mo rat ios
of less than 2.0.  However,  i t  is  c lear that  the level  of  S
intake has an important inf luence on the degree of
response to be expected, and cannot be ignored.
Differences in S levels used may explain why different
ra t ios  o f  Cu:  Mo,  v rz . .2 :  I  (M i l t imore& Mason.  lgT l ) ,
5 :  l ( A l l o w a v ,  1 9 7 3 ;  P o p e .  1 9 7 5 )  a n d l :  l ( C a s e ,  1 9 7 4 )
have been suggested as safe l imits against moly'bdeno-
sis.  Sutt le (1974b) suggested the formula "product log
(Mo concentrat ion) X log (S concentrat ion)"  for  pre-
dict ing the ef fects of  d ietar) '  Mo and S on the avai l -
abi l i t l '  of  Cu in leeds. thus taking into account the S
content of  the { 'ood.

Al though the importance of  a knowledge of
dietary S levels seems obvious. di f ferent factors can
inf luence the amount and avai labi l i ty  of  S in the body.
SLr t t le  (1975)  ment ioned the  poss ib i l i t y  tha t  some S
mav escape ruminal  degradat ion and not part ic ipate jn
the  in te rac t ions  w i th  Mo.  Hume & B i rd  (  1970)  repor ted
subs tan t ia l  endogenous add i t ions  o f  S  th rough the
sa i i va  to  the  S poo l  in  the  rumen.  Sca i fe  (1956)
suggested that protein catabol ism in the body may
conrnbute to the S pool involved in the Cu-Mo_S inter_
ac t ion .  A l though Marc i lese .  Ammerman.  va lsecch i  &
Dunar ,an t  (1969)  p ro 'cd  tha t  in t ravenous ly  i ' j ec ted
So.z -  d id  no t  con t r ibu te  to  the  cu-Mo in te rac t ion  in
the body. i t  seems possible that  S f rom protc in
ca tabo l ism cou ld  recvc le  in to  the  rumen where  i t  can
in f luence the  Cu-N{o  in rerac t ion .  The fo rm in  wh ich  S
is  inges ted  bv  the  an imal .  cg .  as  a rn ino  ac ic l  S  or  SO" : -

1 ,28
1 ,25
r ,34
r .36
1 .29

l , 3 g
1 , 2 5
1 , 4 0
r . 36

0,96u
1  ) ) c

l , l 8 '

2,43
2.39
2.26
2.,19
2.34

0,54'
l , gg"
0,53 '
0.60'

*Dif ferent superscr ipts a -  b wi th in columns designate di f ferences at  P < 0.01 level  of  s igni f icance
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(Huis ingh & Matrone, l9 l6)  and the proport ion of
amino acids direct ly incorporated in the microbial
protein (Gawthorne & Nad er,  1976) may also inf luence
the avai labi l i ty  of  S to the Cu-Mo-S interact ion.  Sutt le
(1974a, 1975) proved with the use of  the deplet ion-
replet ion technique and semi-pur i f ied diets that  S in
both the organic and inorganic forms was equal lv
ef fect ive in the Cu-S and the Cu-Mo-S interact ions
respect ively.  Contrary to Sutt le 's resul ts,  Goodr ich &
T i l lman (1966)  and Hu is ingh & Mat rone (1976)
observed di f ferent responses in the interact ions of  S
with Cu and Cu-Mo depending on the form in which S
was appl ied.  Since so man) '  factors can inf luence the
avai labi l i ty  of  S.  i t  seems unl ikely that  f ixed Cu :  Mo
rat ios or formulae can be devised for use in animal
nutr i t ion to sui t  a l l  c i rcumstances.

S.t'.s t e m i c e/ /'e t' t.E

The low hepat ic Cu retent ion observed at  the low
level  of  S intake is probably best explained by the Cu-
Mo-S interact ion in the rumen. The negat ive hepat ic
Cu retentions observed at the S intakes of 4,0 and 5,3 91
sheepi  day indicate that  the Cu-Mo-S interact ion mav
occur also at the body tissue level. Elevated plasma Cu
levels.  mainly due to an increase in the direct  react ing
Cu fraction of plasma, were considered by Suttle
(1974b) to be a true systemic effect of the Cu-Mo-S
interaction. High kidney Cu levels and increased rates
of Cu excret ion through the ur ine were considered to
be the resul t  of  the high concentrat ion of  the direct
reacting Cu fraction in plasma (Suttle, 1974b\. They
may be also considered as systemic expressions of  the
Cu-Mo-S interaction. lt is clear, therefore, that the
react ions taking place betwcen Cu. Mo and S can occur
both  in  the  d iges t ive  t rac t  o f  the  sheep and a t  ce l lu la r
level ,  as suggested by Dick.  Dervey & Gawthorne
(1975) .  The supp lementa t ion  o f  S  dur ing  the  presenr
tr ia l  resul ted in increased plasma and kidney cortex Cu
levels typical  of  the so-cal led systemic ef fects of  Cu-
Mo-S interact ion.  J-he verv high posi t ive cor.relat ion
between Cu and Mo concent ra t ions  in  the  k idney
cortex for  a l l  t reatments which received addi t ional  S
may be. therefore.  a lso considered as a t rue systemic
e f fec t  o l  th is  in te rac t ion .

The re la t i ve ly  h igh  p lasma Cu leve ls  dur ing  thc
f i rst  42 days of  the t r ia l .  even before anv addi t ional  S
was provided. might be considered as an expression of
th is systemic e{ ' fect  of ' the Cu-N' to-S interact ion.  J-hese
high Cu levels were observed in al l  sheep a1 the onsct o1'
the  t r ia l .  Fur thermore .  none o f  the  o ther  s l ,s temic
el ' f 'ects.  v iz.  e levatcd kidncl '  Cu levels or a high correla-
t ion  bc t rveen k idncv  Cu and Mo was c lbsened in  the
In i t ia l -s laughtc r  t rea tnrcn t  g roup.  I t  rna l  be  cor rc luded.
therel 'ore.  that  these svstemic c l ' l 'ects rvere not dctcct-
a b l e  a t  t h e  S  i n t a k c  l e r c l  o l ' 2 . 8 8  g ' s h e c p  d a r  ( 2 . 1  g
S  i  k g  D M ) d u r i n g  t h c  f i r s t  4 2  d a v s  o l ' t h e  t r i a l n o r  i n  t h e
c a s e  o 1 - t h e  l - o w  S  t r c a t m c n t  d u r i n s  t h c  r c m a i n d c r  o 1 '

the t r ia i .  Smith & Wright (1975a) suggested that
changes in plasma Cu levels are el ic i ted only above a
cr i t ical  d ietary Mo concentrat ion.  From the present
tr ia l  i t  appears that  cr i t ical  d ietary S levels may also be
necessary before systemic effects due to the Cu-Mo
interact ion can be expected. At a dai ly intake of  5t3 mg
Cu and 35 mg Mo per sheep, the systemic ef fects were
observed when the S intake increased from 2,BtJ S
(0 ,270/ ( ) )  to  3 ,86  g  (0 .38%) isheep i  day .  A t  concent ra -
t ions of  58 mg Cu and 2,1 g Si  ke DM. elevated plasma
and kidney Cu levels rvere observed by Van Ryssen
(1979)  a t  Mo leve ls  o f  45  mgi  kg  DM.

Elevated plasma Cu and direct  react ing Cu levels
were reported by Smith,  Field & Sutt le (  1968) at  levels
of  25 mg Mo and 1,8 g Srkg dier.  b-y Surt le & Field
(1968) at Mo and S concentrations of 50 mg and 3,6 g/ kg
feed respectively, and by Bingley (1974) at 120 mg Mo
and 2,5 g Sl  sheep I  day.At a Mo intake of  12 mg/ day
Bingley (1914) sti l l  observed slightly elevated plasma
Cu levels.  Smith & Wright (1975a) observed increased
plasma Cu levels at Mo intakes of between 8 and 16mgl
day. Marcilese. Ammerman, Valsecchi, Dunavant &
Davis (1970) reported increased kidney and ur ine Cu
levels on diets containing 50 mg Mo and 1,3 g S/kg
feed. Dick ( 1956) found an increase in plasma Cu levels
at different stages after the onset of his trials, depend-
ing on Mo and S intakes. At the high Mo, high S in-
takes, plasma Cu increased immediately, while at lower
levels of  Mo and/ or S these increases appeared later in
the tr ia l .

Widely di f l 'erent levels of  both Mo and S are
t h e r d f o r e  a p p a r e n t l y  e f f e c t i y e  i n  p r o m o t i n g  t h e
systemic Cu-Mo-S interact ion.  An important con-
tr ibut ing I 'actor may be that semi-pur i f ied diets were
used in most of  the reported exper iments where al l  the
S was suppl ied as sulphate,  whi le natural  feeds were
used in the present trial. Dil ' ferences in S rnetabolism in
the rume'n have been reported to depend on the source
of S (Huis ingh & Matrone, 1916).  Relat ivel l ,  h igh
dietary levels o1'Mo and S are required to reduce the Cu
content of  the l iver (  Harker,  1976).  I t  was observed that
hepat ic  Cu concent ra t ions  can be  main ta ined (Ross .
1970) and the sheep can dre l rom Cu toxic i ty months
after the withdrawal ol ' all additional Cu from their
diets (Bracewel l ,  1958; Barden & Robertson, 1962).
The reduction of the hepatic Cu content is therefore
essential if Cu accumulation has already taken place in
the l iver.  This could be achieved by exploi t ing the
systemic interact ion between Cu, Mo and S.

Ratio o/ (-u : Mo irt ti.t.sue

An a tomic  ra t io  be tween Cu and Mo o f  2  :  I  was
observed b1, Bremner & Young (  1978) in thc k idneys of
sheep receiv ing addi t ional  S above a low, S intake.
I J n d e r  s i m i l a r  c o n d i t i o n s  a  r a t i o  o f  2 . 1 5  :  I  w a s
ohser r . 'ed  in  the  presenr  t r ia l .  Smi th  &  Wr igh t  (1975b)
o b s e r v c c l  a n  a v e r a g e  C u :  M o  r a t i o  o f  1 . 7 :  I  ( v a r y i n g
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between 2  :  I  and 3  :2 )  in  the  TCA inso lub le  f rac t ion  o f
plasma of  sheep receir , ' ing addi t ionaldietarv Mo and S.
These rat ios were considered as evidence f 'or  the
presence of  compounds containing Cu and Mo at  f ixed
ra t ios  and unava i lab le  to  the  bodv .  However ,  to
observe such f ixed rat ios.  the presence of  Cu and Mo in
other forms in the k idnevs should be low.

The inc lus ion  o1-  S  in  the  ra t ion  in  th is  t r ia l
resu l ted  no t  on ly  in  the  h igh  pos i t i ve  cor re la t ion
between Cu and Mo in  the  k idnev  cor tex .  bu t  a lso  in  a
signi f icant reduct ion in the Mo levels ol ' the plasma.
sp leen.  musc le  and tes tes .  Th is  f ind ing  is  inaccord  w i th
the  resu l ts  o f  D ick  (1956) .  Hu is ingh.  Gomez &
Mat rone (  1973)  and Sut t le  (  1975) .  I t  i s  suggested  tha t  S
could have exerted a s imi lar  deplet ing ef fect  on the Mo
in  the  k idneys ,  wh i le  s imu l taneous depos i t ion  o f  Mo,  in
con junc t ion  w i th  Cu and in  a  fo rm unava i lab le  to  the
body.  was  occur r ing  in  the  k idnevs .  Er idence o f  th is  i s
the fact  that  even though the cortex N4o levels dur ing
the tr ia l  were more or less the same for al l  t reatntents.
the high correlat ion betwee n Mo and Cu existed only
when the S intakes were high. i .e.  rvhen the other so-
ca l led  sys temic  e f fec ts  were  observed.  D ick  (1956)

reported decreased Mo concentrat ions in al l  organs
after the addi t ion of  d ietarv S. wi th the e.rcerr t ion of  a

sl ight  increase in the k idnevs. Bremner & Young
(1978) .  on  the  o ther  hand.  observed a  drop  in  k idney '
Mo concentrat ion wi th the feeding of  cxtra S. These
di f ferences mav be explained by the extent to wir ich the
Cu-Mo complex  accumula ted  in  the  k idnevs  re la t i ve  to
the  or ig ina l  rena l  Mo concent ra t ion .

Sulphur rn ntol.t 'hdenurtt ntetabol i.strt

- fhe 
f i rst  increment of  addi t ional  S resul ted rn a

s ign i f i can t  reduc t ion  in  Mo leve ls  in  the  t i ssues  dur ing
the  t r ia l .  u ,h i le  the  second increment  d id  no t  cause
fur ther  reduc t ions  in  t i ssue Mo leve ls .  A  s imi la r  non-
l inear  e f ' f ' ec t  o1 'S  supp lementa t ion  on  Mo absorp t ion
and Mo concent ra t ions  was observed in  b lood (D ick .

1956)  and in  p lasma and ur ine  (Grace & Sut t le ,  1979) .
DLr r ing  the  present  s tudv  the  second increment  o f  S
exerted no further ef l 'ect  on Mo concentrat ion in the
t issues .  thoug l i  the  Cu and Mo leve ls  in  the  k idneys
increased signi f icant ly '  above the ler , 'e ls measured at  the
medium S t rea tment .  T 'h is  migh t  lend  suppor t  to  the
suggest ion that the el ' l 'ect  of  S on Mo conccntrat ion in
t i s s u e s  f u n c t i o n s  i n d e p e n d e n t l t ,  o f  t h e  s o - c a l l e d
systemic el ' I 'ect .  resul t ing therefc l re.  in a correlat iot t
be tween the  Cu and Mc l  in  the  k idne l ' s .

Acknowledgements

The au thors  w ish  to  thank  Mr  B .D.  Thr ing  { 'o r  a t tend ing  to  thc  shcep dLr r ing  thc  t r ia l  and

Mrs  J .A .  Ho lmes fo r  labora torv  ass is tance .

References

A L L . O W A Y .  8 . J . .  1 9 7 3 .  C o p p e r  a n d  m o l v b d e n u m  i n  s w a y ' b a c k  p a s t u r c . . l .  u g r i t ' .  . t c i . ,  C u n t b . .  t { 0 . 5 2 1 .

B A R D E N .  P . J .  &  R O I I E R T S O N .  A . .  1 9 6 2 .  E . r p e r i m e n t a l  c o p p e r  p o i s o n i n g  i n  s h e e p .  I ' t ' t .  R ( c . . 1 4 . 2 5 2 .

B I N G L E Y .  - f  . t s . .  1 9 i 4 .  E l l ' c c t s  o l ' h i g h  d o s e s  o 1 ' m o 1 1 ' b d e n u m  a n d  s u l p h a t c  o n  t h e d i s t r i b u t i o n  o 1 ' c o p p e r i n  p l a s m a
ar id  in  b lood o f  sheep.  Aus t .  . / .  ugr i< ' .  Rr , . r . .  25 .467.

B L A M E Y .  F . P . C . .  1 9 7 1 .  M o l y ' b d c n u m  i n  m a i z c  ( / e u  t r l u . t ' \  L . )  p r o d u c t i o n  i n  N o r t h c r n  N a t a l .  M . S c .  A g r i c .  J - h e s i s .
L tn ivers i t l ,  o f  Nata l .

B l - A N C t l A R ,  R . W . .  R E H M . J .  &  C A I - D W E L I - . 4 . C . ,  l 9 6 5 . S u l p h u r i n p l a n t m a t e r i a l  b v d i g e s t i o n r v i t h n i t r i c a n d
perchlor ic acid.  Proc.  Soi l  S<' i .  . \ot ' .  Artr . .  29.  I  |  .

B R A C E W E L I - .  C . t ) . .  l 9 5 t i .  A  n o t e  o n  j a u n d i c e  i n  h o u s e d  s h e e p .  I  r ' t .  R t , c . . 7 0 . 3 4 2 .

B R E M N E R .  L  &  Y O t i N C l .  t s . W . .  1 9 7 8 .  E l ' l ' e c t s  o f  d i e t a r l  n r o l l ' b c l e n L n n a n d  s u l p h u r o n t h c d i s t r i b u t i o n  o l  c o p p c r '
in  p lasma and k idney 's  o f  sheep.  I l r .  ,1 .  , \ ' u t r . .  39 .  325.

CASE.  A .A. .  1974.  
. fox ic i t y  

o f  var ious  chemica l  agents  to  sheep.  .1 .  ,4n t .  t ' t ' t .  r t ted .  .4s .so t . .  164. )11  .

D I C K . A . T . .  l 9 5 4 . S t u d i e s o l t h c a s s i m i l a t i o n a n d s t o r a g e  o l ' c o p p e r i n c r o s s b r e d s h e c p .  A t r . s t . , / . u g r i c . I l c . r . . 5 . 5 l l .

D ICK.  A .T . .  1956.  Mo lvbdenum and copper  re la t ionsh ips  in  an ima l  nu t r i t ion .  ln  I r to r ,qur t i t '  \ ' i t roger t  , \ l t ' taho l i . sn t .
p . 4 4 5 .  E d .  W . D .  M c E l r o l ' &  B .  ( i i a s s .  B a l t i n r o r e  :  . i o h n  H o p k i n s  f ) r c s s .

D I C K .  A . T . .  D E W E Y .  D . W .  &  C ; A W l  H O R N E . . f . M . .  1 9 1 5 .  I - h i o m o l v b d a t e s  a n c l  t h c  c o p p c r - n l o l l ' b d e n u r n -
su lphur  in te rac t ion  in  ruminant  nu t r i t ion .  J .  ugr ic .  . \ c i . ,  ( 'unr1r . .35 .567.

G A R N E R .  R . J . .  1 9 6 3 .  I , ' e t c r i r t a r y  7 ' o . v i t ' o l o g t ' . 2 n c l  c d .  [ - o n d t t n  :  [ ' i n d a l l  &  C o x .

56



GAWTHORN E. J. M. & N A DE R, C.J.. 1976. The effect of molybdenum on the conversion of sulphate to sulphide
and microbial-protein-sulphur in the rumen of sheep. .Br. J. Nutr..35, l l .

GOODRICH. R.D. & TILLMAN, A.D.. I966. Effects of sulphur and nitrogen sources and copper levels in the
metabolism of certain minerals by sheep. J. Anirtt. & t.. 25. 4{t4.

G RACE, N. D. & S UTTLE. N. F.. 1979. Some effects ol sulphur intake on molybdenum metabolism in sheep. 8r. -/.
N u t r . . 4 l -  1 2 5 .

H A RKER. D.8.. 1976. The use of molybdenum for the prevention of nutrit ional copper poisoning in housed sheep.
Ver .  Ret . .99 ,78 .

HUISINGH.  J . .  GOMEZ.  G.G.  &  MATRONE.  G. ,  1973.  ln te rac t ions  o f  copper .  mo lybdenum and su lphate  in
ruminant nutrit ion. F'ed. Attt. Sor'. t ' ,r,r.r. Biol.. 32. 1921.

HUISINCH. J. & MATRONE, G.. I976. Interactions of molybdenum in animal nutrit ion. ln Moll 'bdenum in rhe
Ent' irorunenr, Vol. l. p. 125. Ed. W.R. Chappell & K.K. Petersen. n-ew York : Marcel Dekker, lnc.

HU ME.  I .D .  &  BIRD.  P .R. .  i970 .  Synthes is  o f  m ic rob ia l  p ro te in  in  the  rumen.  lV .  The in l luence o f the  |eve l  and
lo r rn  o fd ie ta ry  su lphur . ,4 r rs l .  J .  agr tu .  Res . ,2 l .3 l5 .

M A R C I I - E S E .  N . A . .  A M M E R M A N ,  C . 8 . .  V A I - S E C C H I .  R . M . .  D U N A V A N ' | .  B . G .  &  D A V I S ,  G . K . .  t 9 6 9 .
Ef t -cc t  o fd ie ta ry  mo lybdenum and su lphate  upon copper  metabo l ism in  sheep.  . l  Nut r . .99 . l7 '7 .

M A R C I L E S E .  N . A . .  A M M E R M A N .  C . 8 , .  V A L S E C C H I ,  R . M . .  D U N A V A N T ,  B . G .  &  D A V I S ,  G . K . .  I 9 7 0 .
Effect ol dietary molybdenum and sulphate upon urinary cxcretion ofcopper in sheep. J. Narr.. I00, t399.

MI t -T IMORE.  J .E .  &  MASON.  J .L . .  1971.  Copper  to  mo lybdenum ra t io  and molybdenum and copper  concen-
t ra t ions  in  ruminant  leeds .  Car i .  J .  An in t .  Sc i . ,51 ,  193.

PIERSON.  R.E.  &  AANES.  W.A. .  195{1 .  
' l ' rea tment  

o f  chron ic  copper  po ison ing  in  sheep.  " / . ,4nr .  
ye t .  med.  Asso<. ,

1 .13 .  307.

POPE.  A . l - . .  I975 .  Minera l  in te r re la t io  nsh ips  in  ov ine  nu t r i t ion .  J .  Ant .  ye t .  ned.  Assoc . .  166,264.

RAYNER. A.A.. I967. l l ioDtetrr./()t , lgritulture Stutlents. pietermaritzburg, Univ. n-atal press.

ROSS. D.B.. 1970. l-he effect oI oral ammonium molybdate and sodium sulphate given to lambs with high l iver
copper  concent ra t ions .  /? ts .  r ,e l  & i . ,  l l .  295 .

SCAIFE,  J .F . .  1956.  Mo lvbdenum excre i ion  and re ten t ion  in  the  sheep.  N.Z . , l .  S t i .  Techn. .3 t1 .293.

SMI l  H .  B .S.W. .  F  I  ELD.  A .C.  &  SIJTTLE.  N.F . .  l96 t i .  E f lec t  o f  in take  o f  copper ,  mo lybdenum and su lphate  on
copper metabofism in the sheep. l l t Studies with radioactive copper in male castrated sheep, J. Co,np. Path.,
78. 449.

SMITH.  B .S.W.  & WRICHT.  H. ,  1975a.  Copper :  mo lybdenum in te rac t ion .  E f fec t  o f  d ie ta ry  mo lybdenum on the
binding ol copper to plasma proteins in sheep. J. (\ntp. Path..85,299.

SMITH.  B .S.W.  & WRICHT.  H. .  1975b.  E lTec t  o f  d ic ta ry  Mo on Cu metabo l ism.  Ev idence fo r  the  invo lvement  o f
Mo in abnormal binding of Cu to plasma pfotein. ( '/ i l . Chint. Acta..62, 55.

SUTTT-E. N.F.. I974a. Effects ol organic and inorganic sulphur on the availabil ity ofdiet copper to sheep. B/. J.
. \ i / / r . .  12 .559.

sur r lE .  N.F . .  I974b.  Reccnt  s tud ics  o f  the  copper -molybdenum antagon ism.  p ror .  Nur t .  sor . ,  33 .  299.

SUTTLE. N F., I975. The role of organic sulphur in the copper-molybdenum-S interrelationship in ruminant
nutrit ion. Br. .1. .\ 'urr.. 34. 4ll.

SU'fl l ,E. N.F. & FlEt-D. A.C.. l96li. Ellect of intake of copper. molybdenum and sulphate on copper metabolism
in  shecp.  l .  C l in ica l  cond i t ion  and d is t r ibu t ion  o fcoppcr  in  b lood o f the  pregnant  ewe.  - / .  Comp.  Path . .78 .35 l .

VAN ADRICHEM.  P.W.M. .  1965.  Wi jz ig ingcn in  de  ac t iv i te i t  van  serumenzymen en in  he t  LDH iso-enzym-
patroon bii chronischc kopcrintoxicatic ran schapcn. 7'i i lsthr. I)iergenee.rk.. 90. l l7l.

VAN RYSSEN. . l .B . . l . .  1979.1-he in l lucncco l  mo lvbdcnumandsu lphuronsheeprece iv ingh igh leve lso fcopperand
bro i le r  l i t t c l  in  thc i l  ra t ions .  S  .1 | i . .  .1 .  An in .  S( i . .9 .21 .

WARI) .  ( i .M. .  l97 l { .  Mo l lbdcnum to \ i c i t v  and h lpocupros is  in  ruminants  :  A  rev iew.  J .  An in .  S( i - ,46 .  1078.

5 l


