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Abstract

EFFECT OF COPPER DEFICIENCY UPON ERYTHROKINETICS IN GROWING CATTLE: PRELIMINARY 
RESULTS. To determine the role of copper upon erythrokinetics in young ca ttle , control and copper- 
deficient animals, with and without previous bleeding, were studied. Four Aberdeen Angus 14 to 18 months 
oíd, were allotted for each treatm ent. The erythropoiesis was stimulated in four control and four deficient 
animals by daily bleeding during 20 d, in this way removing about 57o of the in itial red -ce ll mass per day.
The erythrokinetic study was done by means of 5 9 Fe according to the methods described elsewhere. The 
tim e required for the máximum utilization of the tracer by the bone marrow to produce red ce lls and the 
amount of stable iron incorporated daily in the erythrocytic mass, were taken as parameters to evalúate the 
rate of erythropoiesis. In addition, the red -ce ll survival tim e was determined in anothergroup of threecontrol 
and three deficient animals by means of the DF32? method. The results showed that the cate of utilization 
of iron by the bone marrow of copper-deficient animals was lower than that of control animals: 0 .2 5  m g/kg/d 
at day 12 and 0 .5 8  m g/kg/d a td a y 7 , respectively. The bone marrow of copper-deficient animals also showed 
a poor response after the bleeding when compared with the valúes registered for bled Controls: the utilization 
of iron was 0 .4 6  m g/kg/d at day 10 and 1 .1 4  m g/kg/d at day 4 .5 ,  respectively. The valúes of red -ce ll life 
span for control and deficient animals did not differ statistically , they were 144 and 137 d, respectively. 
However, because of the few animals studied, further determinations are needed to obtain conclusive results. 
The erythrokinetic study clearly indicated that in copper-deficient animals the erythropoietic activity  of 
bone marrow is impaired. In addition, during the bleeding period copper-deficient animals suffered a drastic 
loss of body weight and general condition, their recovery being very difficult and slow. This observation 
strongly suggests the practica! importance of controlling blood losses due to gastrointestinal parasites in 
copper-deficient anim als.

1. IN T R O D U C T IO N

P r e v i o u s  w ork in th is  l a b o r a t o r y  in d ica ted  that  e r y t h r o k i n e t i c s  i s  n e g a -  
t iv e ly  a f fe c te d  in c o p p e r - d e f i c i e n t  c a t t l e  [1 ] .  H o w ever,  due to the fa c t  that 
th e  g ro w in g  r a t e  of  d e f i c ie n t  a n im a ls  i s  m uch s lo w e r  than  n o rm a l ,  it was 
d i f f i cu l t  to i n t e r p r e t  th o s e  r e s u l t s .  T h u s ,  it  could not be  e s ta b l i s h e d  
w h e th e r  the lo w e r  r a t e  o f  e r y t h r o p o i e s i s  o b s e r v e d  in c o p p e r - d e f i c i e n t  
a n i m a l s ,  w as  due to the d e f i c ie n c y  in i t s e l f  o r  to the lo w e r  grow th  r a t e .  In 
the  p r e s e n t  w ork ,  to d e t e r m i n e  the r o l e  of c o p p e r  d e f i c ie n c y  upon e r y t h r o ­
k i n e t i c s  in young c a t t l e ,  c o n t r o l  and c o p p e r - d e f i c i e n t  a n i m a l s  with and 
without p re v io u s  b lee d in g ,  w e re  s tud ied .

2. M A T E R I A L  AND M E T H O D S  

2 . 1 .  A n im a ls

T w e n ty -tw o  A b e r d e e n  Angus of 12 to 18 m onths  of a g e  w e r e  s tud ied .  
E le v e n  of them , the  c o p p e r - d e f i c i e n t  group, w e re  s e l e c t e d  f r o m  a herd  
b re d  on p a s t u r e s  that have  long b een  known to c a u s e  condit ioned  co p p e r



d e f ic ie n c y ,  owing to t h e i r  high con ten í  of m olybd enu m  and in o rg a n ic  s u l -  
p h a te .  C o n tro l  and c o p p e r - d e f i c i e n t  a n im a ls ,  a f t e r  c o p r o p a r a s i t o l o g i c a l  
c o n tro l  and drug th e ra p y ,  w e r e  d is t r ib u te d  in open pens and fed a l fa l fa  hay 
and w a te r  ad l ib i tu m .  P a r a s i t o l o g i c a l  Controls w e re  periodically repeated.  
B e f o r e  s t a r t in g  the s tu d ie s ,  the c o p p e r - d e f i c i e n t  group w as o r a l ly  dosed  
d a ily  f o r  se v e n  m o n ths  with a w a t e r  so lu tio n  of a m m o n iu m  m o ly b d a te  and 
sod ium  su lp h a te  eq u iv a len t  to a d a ily  in ta ke  of a p a s t u r e  co n ta in in g  about 
25 ppm o f  m olybd enu m  and 0 .  3% of in o rg a n ic  su lp hate ,  on a d r y - m a t t e r  
b a s i s .  A few d ays  a f t e r  s t a r t in g  the  d re n c h in g  c l i n i c a l  s y m p to m s  of 
m o ly b d e n o s is  such  a s  s c o u r in g  and a n o r e x ia  w e r e  o b s e r v e d .  L a t e r  on lo s s  
of condit ion ,  d e -p ig m e n ta t io n  of the  h a i r  and r e t a r d e d  grow th ,  w e r e  ev id ent.  
L i v e r  s a m p le s  obta ined  f r o m  the  c o p p e r - d e f i c i e n t  a n i m a l s  a f t e r  the 
7 -m o n th  p er io d ,  showed v a lú e s  of co p p e r  below 15 ppm on a d r y - m a t t e r  
b a s i s .  T h e  d a ily  d re n c h in g  of m olybd enu m  and su lp h ate  was continued 
d uring  the period  the  a n i m a l s  w e r e  under study a s  d e s c r i b e d  below .

T o  s t im u la te  the e r y t h r o p o i e s i s ,  fo ur c o n t r o l  and fo u r  c o p p e r - d e f i c ie n t  
a n im a ls  w e r e  d a ily  b led  d u rin g  20 d, in th is  way re m o v in g  about 5% o f  the 
in i t ia l  r e d - c e l l  m a s s  p e r  day .  Tw o d ays  a f t e r  the  b lee d in g  w as c o m p le te d ,  
the  e r y th r o k in e t i c  study was s t a r t e d .  At the s a m e  t im e  th is  study was 
c a r r i e d  out in o th e r  group of fo u r  c o n tr o l  and fo u r  c o p p e r - d e f i c i e n t  
a n i m a l s .  T h e  r e d - c e l l  s u r v iv a l  t i m e  w as d e te r m in e d  in a th ird  group of 
s ix  a n im a ls ,  h a l f  of them  co p p e r  d e f i c ie n t .

2. 2. M ethods

T h e  e r y th r o k in e t i c  study was done by m e a n s  of 59F e  a c c o r d i n g  to 
m eth od s  d e s c r i b e d  b e f o r e  [2 ] ,  T o  c a lc ú l a t e  the  p e r c e n t a g e  o f  59F e  u t il ized  
by the bone m a r r o w  of  bled a n im a ls ,  the  r e d - c e l l  v o lu m e  was e s t im a te d  
f r o m  the p la s m a  vo lu m e v a lu é  us ing  the h a e m a t o c r i t  v a lu é  of the  day at 
which the  u t i l iz a t io n  of the  t r a c e r  r e a c h e d  i t s  p la teau ,  c o r r e c t e d  by the 
f a c t o r  0 . 9 0 4  to obta in  the c o r p o r e a l  h a e m a t o c r i t  [3 ] ,  T h e  r e d - c e l l  s u r ­
v iv a l  t im e  was d e te r m in e d  a f t e r  i n je c t in g  in t ra v e n o u s ly  300  p C i of 
d i - i s o p r o p y l - p h o s p h o r o f lu o r id a t e  - 32P ,  a c c o r d in g  to p r o c e d u r e s  d e ta i led  
e l s e w h e r e  [4] ,  S t a t i s t i c a l  d i f f e r e n c e s  b e tw een  m e a n  v a lú e s  w e re  a n a ly se d  
by m e a n s  of the  Student " t "  t e s t .

3. R E S U L T S  AND D ISCUSSIO N

T h e  data used to c a lc ú l a t e  the e r y th r o k in e t i c  v a lú e s  a r e  s u m m a r iz e d  in 
T a b l e  I, and the  v a lú e s  obta ined  a r e  shown in T a b l e  I I .  T h e  r e s u l t s  of the  
r e d - c e l l  l i f e - s p a n  d e t e r m in a t io n s  w e r e  f o r  c o n t r o l  a n i m a l s ,  160 ,  154 and 
116 d (m ea n  144) and 150,  130, 131 d (m ea n  137) fo r  the  c o p p e r - d e f i c i e n t  
a n im a ls ,  r e s p e c t i v e l y .

T h e  v a lú e s  o f  p l a s m a - i r o n  t r a n s p o r t  r a t e  r e g i s t e r e d  in the c o n tr o l  
a n im a ls  w e r e  h ig h e r  than  th o s e  of c o p p e r - d e f i c i e n t  a n i m a l s .  T h is  p a r a -  
m e t e r  o f  i r o n  m e t a b o l i s m  i s  d i r e c t l y  in f luenced  by the p l a s m a - i r o n  c o n -  
c e n t r a t io n  and by i t s  r a t e  of  c l e a r a n c e  f ro m  the p l a s m a .  C o p p e r - d e f i c ie n t  
a n i m a l s  had l e s s  p la s m a  i r o n  and i t s  c l e a r a n c e  was s lo w e r  than in c o n tro l  
a n i m a l s .  C o n se q u e n tly ,  in s p ite  of the  fa c t  that the  p e r c e n t a g e  of  59F e  
u t i l iz ed  by the bone m a r r o w  w as a l m o s t  s i m i l a r  in a l l  g ro u p s ,  the  t r a n s f e r  
of s ta b le  i r o n  f ro m  the p la s m a  to the bone m a r r o w  w as q u a n t ita t iv e ly  l e s s



T A B L E  I .  DATA U SE D  T O  C A L C U L A T E  T H E  E R Y T H R O K IN E T I C  
V A L U E S

Animal
No.

Body weight 
(kg)

Blood
vol.

(litres)

Plasma
vol.

(litres)

Red C ell 
vol. 

(litres)

Hta
w

Hbb

(g °¡°)

Plasma
Fe

(fig^o)

Control animals

1178 178 10.60 7 .0 7 3 .5 3 3 8 .0 12 .1 180

1108 205 12 .10 7 .7 8 4 .3 2 4 2 .0 1 3 .2 166

1069 184 12 .68 8 .0 4 4 .5 4 4 1 .8 1 2 .6 150

1114 207 13 .20 8 .3 0 4 .9 0 4 2 .5 1 4 .2 98

Mean 184 4 1 .1 a 1 3 .5 a 149a a *

Control animals (bled)

1248 161 11 .20 7 .1 0 4 .1 0 4 2 .0 1 4 .0 143

181 162 12 .80 8 .1 0 4 .7 0 4 2 .0 1 3 .8 78

1188 172 9 .8 5 6 .5 6 3 .2 9 3 8 .0 1 4 .0 188

1136 150 9 .40 6 .37 3 .1 3 3 9 .0 1 3 .5 75

Mean 161 4 0 .2a 1 3 .8 a 121a

D eficient animals

185 209 11 .30 7 .7 4 3 .5 6 3 6 .0 1 1 .8 88

193 200 11.30 7 .9 0 3 .4 0 3 4 .5 1 1 .5 132

148 208 10 .55 7 .1 4 3 .4 0 3 7 .0 1 1 .8 108

134 220 10 .4 3 7 .0 5 3 .3 8 3 7 .0 1 2 .7 90

Mean 209 3 6 . l b 1 1 .9b 105a

Deficient anim als (bled)

19 164 9 .17 6 .4 4 2 .7 3 3 4 .0 1 0 .9 106

187 165 7 .90 5 .6 8 2 .2 1 3 2 .0 1 0 .5 116

191 174 10.60 7 .5 4 3 .1 6 3 4 .0 1 0 .3 65

113 134 8 .00 5 .8 3 2 .1 7 3 1 .0 9 .4 80

Mean 159 3 2 .7C 1 0 .2b 92a

NB. Red c e ll mass, haem atocrit and haemoglobin valúes of bled animals were computed the day at which the 
máximum utilization of the tracer reached its plateau.

Means with different superscripts are significantly different

a Ht. = haematocrit 
b Hb. = haemoglobin



T A B L E  II .  E R Y T H R O K IN E T I C  V A L U E S

Animal
No.

T l / 2  59Fe 
in plasma 

(min)

Plasma Fe 
transport-rate

(m g/kg/d)

U tilization of 
59 Fe by bone marrow
C °¡o) Day

R ed-Cell Fe 
incorp. rate 
(m g/kg/d)

Control animals

1178 83 0 .8 6 8 0 .0 7 0 .6 9

1108 77 0 .8 2 7 4 .4 7 0 .6 4

1069 100 0 .67 8 1 .4 7 0 .5 5

1114 72 0 .5 5 7 9 .0 7 0 .4 3

Mean 83a 0 .7 2 a 7 8 .7 7a 0 . 58a a ’

Control animals (bled)

1248 55 1 .16 9 8 .8 4 1 .1 5

181 24 1 .62 9 7 .0 4 1 .57

1188 62 1 .16 83 .7 5 0 .9 7

1136 33 0 .97 9 0 .0 5 0 .87

Mean 44 b 1 . 23b 9 2 .4 5b 1 .1 4 a '

D eficient animals

185 110 0 .2 9 8 3 .0 11 0 .2 5

193 102 0 .51 8 9 .0 12 0 .4 5

148 138 0 .27 7 9 .0 12 0 .21

134 170 0 .17 6 4 .3 12 0.11

Mean 130c 0 . 31c 7 8 .8 12c 0 . 26b

D eficient animals (bled)

19 53 0 .7 9 7 6 .0 7 0 .5 8

187 90 0 .47 6 4 .3 11 0 .2 9

191 45 0 .6 3 9 5 .6 7 0 .5 9

113 60 0 .5 8 6 5 .0 14 0 .3 8

Mean 62ab 0 .6 2 a 7 5 .2 10c 0 ,4 6 ab

NB. Means with different superscripts are signíticantly different

in  c o p p e r - d e f i c i e n t  a n i m a l s .  On the o th e r  hand, o n ce  i ro n  was ta k e n  up 
by the e r y th r o p o ie t i c  t i s s u e  o f  c o p p e r - d e f i c i e n t  a n i m a l s ,  m o r e  t im e  was 
r e q u ir e d  f o r  i t s  u t i l iz a t io n  in h a e m o g lo b in  s y n t h e s i s .  I f  the  r a t e  of 
e r y t h r o p o i e s i s  i s  e x p r e s s e d  a s  the  am ount of  i r o n  used to p ro d u c e  red 
c e l l s ,  then f r o m  the  v a lú e s  of the  r e d - c e l l  i ro n  i n c o r p o r a t i o n  r a t e  shown 
in T a b l e  II,  it  b e c o m e s  ev id ent that in co p p e r  d e f i c ie n c y  th e  e r y th r o p o ie t i c



a c t iv i ty  is  g r e a t l y  im p a i r e d .  T h is  a s s u m p t io n  i s  in a g r e e m e n t  with the 
r e d - c e l l  r a a s s  and h a e m a t o c r i t  v a lú e s  r e g i s t e r e d  in th o s e  a n i m a l s .

T h e  m e a n  v a lú e s  of  r e d - c e l l  s u r v iv a l  t im e  obtained fo r  both group s  
w e r e  a lm o s t  id e n t ic a l ;  h o w e v e r ,  tak ing  into a c co u n t  the few a n im a ls  
s tudied and the wide d i s p e r s ió n  o f  the  v a lú e s  r e g is t e r e d  in the c o n tr o l  
group, f u r th e r  d e t e r m in a t io n s  a r e  needed in o r d e r  to ob ta in  c o n c lu s iv e  
r e s u l t s .

In addition , d uring  the b leed ing  p er io d ,  c o p p e r - d e f i c ie n t  a n im a ls  
s u f fe r e d  in d r a s t i c  l o s s  of body w eight and g e n e r a l  condit ion ,  t h e i r  r e -  
c o v e r y  be in g  v e r y  d if f icu l t  and s lo w . T h i s  o b s e r v a t io n  s tr o n g lv  s u g g e s ts  
the  p r a c t i c a l  im p o r t a n c e  of c o n tro l l in g  blood l o s s e s ,  m a in ly  due to g a s t r o ­
in t e s t in a l  p a r a s i t e s  in c o p p e r - d e f i c i e n t  a n i m a l s .
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