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Four studies , 'ere conducted to determine the c~ff'ect qf'high levels o f  zinc and copper on iron use o f  
the chiek. Chicks from the cross qf" New Hampshire × Single Comb White Leghorn were f ed  semi- 
purified diets with adequate (0.58-0.76 t~mol Zn/g diet) and high (26.0-31.4 tzmol Zn/g diet) levels 
q[zinc and adequate (0.13-0.17 Izmol Cu/g diet) and high (3.18-3.50 i.unol Cu/g diet) levels o f  copper 
,[br 21 days. Fe-59 was,f~,d in studies A - C  attd injected intraperitoneally in study D. Chicks J?d high 
levels of" zinc consistenth, showed decreased packed cell volumes and depressed concentrations q[  
iron in livers attd tibias. The atwmia was not attributable to reduced f eed  attd iron intakes. Chicks,led 
high rather than adequate amounts of'zinc excreted 78% rather than 54% o f  an oral dose o f  Fe-59. 
The appearance o f  Fe-59 in plasma 1 hour af'ter,[~eding the isotope decreased in chicks ,[~d high 
rather than adequate levels qt" zinc'. Ingestion o[ additional copper did not reverse the effects q[ 
ingesting high amounts o[ zinc on iron absorption. Ingestion q[" the high levels q f  zinc ttad minor 
~f['ects on endogenous iron ercretion. The ingestion o f  additional copper partially counteracted this 
c:O?c't. 
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Introduction 

Inges t i on  o f  e x c e s s  z inc  (>22 .9  ~ m o l / g  diet)  by  ch icks  
has been  s h o w n  to d e c r e a s e  b o d y  weight  and  feed  
in take ,  H to r e d u c e  h e m a t o c r i t  and  h e m o g l o b i n  with a 
m i c r o c y t i c  and  h y p o c h r o m i c  anemia,~-6 and to r educe  
t i ssue  c o p p e r  and  i ron c o n c e n t r a t i o n s .  34v The  a n e m i a  
c a u s e d  by  the inges t ion  o f  e x c e s s  z inc  could  be the  
c o n s e q u e n c e  o f  s eve ra l  d i f ferent  m e c h a n i s m s .  

Inges t ion  o f  e x c e s s  z inc  d e p r e s s e s  feed ,  and ac-  
co rd ing ly  i ron,  intake.J-4 Inges t i on  o f  e x c e s s  zinc has  
been  r e p o r t e d  by  a n u m b e r  of  i nves t i ga to r s ,  4'7-~ but  
not  all i nve s t i ga to r s  ~ ~3 to d e p r e s s  a p p a r e n t  ab so rp -  
t ion o f  i ron.  T h e s e  d i s c r e p a n c i e s  cou ld  reflect  s eve ra l  
f ac to r s .  S t o r e y  and  G r e g e r  ~ o b s e r v e d  that  a l though  
ch ron ic  inges t ion  o f  e x c e s s  zinc d e p r e s s e d  iron ab-  
so rp t ion ,  i nges t ion  o f  one  meal  wi th  e x c e s s  z inc  did 
not.  
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O the r  m e c h a n i s m s  for  z inc - i ron  in t e rac t ions  may  
a lso  exis t .  Inges t ion  o f  e x c e s s  zinc by de p re s s in g  cop-  
pe r  use cou ld  u l t ima te ly  a l t e r  i ron t r a n s p o r t  and s t o f  
age.  4~2'~ A c c o r d i n g l y ,  inges t ion  of  e x c e s s  zinc,  by 
va ry ing  t i ssue  c o n c e n t r a t i o n s  of  c o p p e r  and coppe r -  
con t a in ing  p ro t e in s ,  might  even  a l te r  e n d o g e n o u s  
losses  of  i ron:  this  has  not been  r e p o r t e d  h o w e v e r .  

The  o b j e c t i v e s  o f  these  e x p e r i m e n t s  were  the tbl-  
lowing:  1) to d e m o n s t r a t e  that  e x c e s s  z inc  in take  re- 
sul ts  in a n e m i a  in c h i c k e n s  g r o w n  in a con t ro l l ed  envi-  
r onme n t  and 2) to e v a l u a t e  the  impac t  o f  e x c e s s  zinc 
in take  on feed ,  and  a c c o r d i n g l y ,  i ron in take ,  on iron 
a b s o r p t i o n  and on e n d o g e n o u s  i ron exc re t i on .  

Materials and methods 

E x p e r i m e n t a l  d e s i g n  

Four studies were conducted. In study A, chicks were assigned 
to a 2 x 3 factorial arrangement of treatments in which adequate 
(0.58 ~mol Zn/g diet) and high (31.4 ~mol Zn/g diet) levels of 
zinc: and adequate (0.17 Fmol Cu/g diet), high (3.5 #mol Cu/g 
diet), and very high (8.34 ~mol Cu/g diet) levels of copper were 
fed ad libitum. An additional group of chicks were fed the diet 
with adequate levels of zinc and copper to the level consumed 
on average by chicks fed excess zinc and very high levels of 
copper (limit fed. LF). 

In studies B, C, and D, chicks were randomly assigned to a 
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2 × 2 factorial a r rangement  of t rea tments  in which adequate 
(0,73, 0.76, and 0.75 #tool Zn/g  diet in studies B, C, and D, 
respectively) and high (26.3, 26.0, and 27.4 t~mol Zn/g diet in 
studies B, C, and D, respectively) levels of zinc and adequate 
(0.14, 0.13, and 0.13 #mol Cu/g diet in studies B, C, and D, 
respectively) and high (3.43, 3.18, and 3.37 p, mol Cu/g diet in 
studies B, C. and D, respectively) levels of copper were fed ad 
libitum. Diets were fed from hatching to 21 days of age to 7, 
12, 8, and 8 chicks per t reatment  in studies A, B, C, and D, 
respectively. The diets in studies A - D  contained 2.2, 1.7, 2.0, 
and 1.3 ~mol Fe/g diet, respectively.  

Animals and diets 

In all four studies, chicks from the cross of New Hampshire x 
Single Comb White Leghorn were housed in individual stainless 
steel cages with wire floors in rooms maintained at 30 ° C with 
24-hr lighting. The facilities met the requirements  of the Institu- 
tional Animal Care and Use Committee.  

Chicks in study A were fed the National Research Council ~4 
isolated soybean-s tarch based diet. In the remaining studies. 
the diet fed was a semi-purified, sucrose-casein based diet 
(Table I ). 

Food consumpt ion  and body weights were recorded weekly 
in all studies. Deionized water  was supplied ad libitum through- 
out the studies. 

Radioisotope analyses 

A gel capsule containing 74 kBq of Fe-59 (ferric chloride in 0.5 
M HCI, 38.1 GBq/mmol  Fe, New England Nuclear,  Boston, 
MA, USA) in 0.1 g diet was placed in the crops of chicks on 
day 14 in study A and on day 20 in studies B and C. The chicks 
were also fed 1.0 g of additional diet. The chicks consumed the 
additional feed immediately because they were fasted overnight 
prior to receiving the capsule. 

Loss of Fe-59 in excreta was measured for 1 week in study 
A. In study B, chicks were bled (via cardiac puncture using 
syringes rinsed with a heparin solution) 1, 2, 3, 4, and 5 hr after 
and were killed 6 hr after dosing with isotope. Chicks were 
divided so that each chick was bled only twice at 3-hr intervals. 
In study C, chicks were bled and killed 1 hr after dosing with 
isotope because the peak appearance of Fe-59 in plasma was 
found to occur  after I hr in study C. 

In study D, 7-day old chicks were injected intramuscularly 
with 183 kBq Fe-59 (ferric chloride in 0.5 M HCI, 85 GBq/mmol  
Fe, Dupont Company,  Wilmington, DE, USA) to determine iron 
turnover.  Chicks were bled at 5, 10, and 14 days after injection 
of the isotope. Red blood cell (RBC) pellets from heparinized 
blood were washed three times with phosphate  buffer saline 
to remove any free isotope. Radioactivity in the pellets was 
determined.  Biologic half-life of Fe-59 was obtained from the 
inverse slope resulting tYom plotting Bq /mL RBC or blood over 
time (days.) ~5 Total blood volumes were calculated to be 7% of 
body weight. Fe-59 in excreta {for 2 weeks after injection of the 
isotope) and in tissues also was determined.  

Radioactivity of excreta,  sample capsules, and tissues in all 
studies was measured in an automatic gamma counter  (Gamma 
Trac 1191 TM Analytic Inc.,  Elk Grove Village, IL, USA) set 
at the photopeaks of Fe-59. The radioactivity values were cor- 
rected for background and decay and then conver ted to Bq on 
the basis of the counting efficiency of Co-60 standard. 

Other analyses 

All chicks were killed via cervical dislocation. Organs (spleen, 
liver, and tibias) were cleansed of adhering material and 
weighed. 

Table 1 Composition of semi-purified diets 

Study A Studies B-D 

Ingredient g/kg 

tsolated soybean protein 250.0 - -  
Starch 598.0 - -  
Glucose - -  270.2 
Sucrose - -  270.0 
Casein - -  220.0 
Egg albumin - -  80.0 
ChoLine CI (60%) 1.7 2.2 
KH2P Q 10.0 138 
KCI 1.0 - -  
NaCI 6.0 - -  
NaHCO 3 - -  7.0 
CaCO 3 148 18.3 
CaHPQ 16.4 12.0 
M g C Q  2.1 - -  
Mineral mix 10.0 a 10.0 c 
Corn oil 40.0 30.0 
Arginine CI - -  6.0 
Methionine 6.0 - -  
Glycine 4.0 - -  
Vitamin mix 10.0 b 10.0 d 
Cellulose 30.0 50.0 

The mineral premix supplied the following in mg per kg o1 diet: 
MgO, 1000; MnSO4-H20, 246; KI, 14; CuSQ4-5H2Q, 30; Na2SeO 4, 
0.2: Fe(SO4)2-H20, 500; CoOl 2, 1.7 
b The vitamin premix supplied the following in mg per kg of diet: 
riboflavin, 17.5: thiamin-CI, 15; Ca-pantothenic, 20; niacin, 50: 
pyridoxine-HCI. 6; folic acid, 6; biotin, 06; vitamin K-bisulfite, 1.5: 
vitamin B12, 0.2; vitamin A (195,000 RE/g), 7; vitamin D 3 (10,000 
wg/g), 11.2: vitamin E (364 mg D-L tocopherol/g), 125. 
c The mineral premix supplied the following in mg per kg of diet: 
MgO, 1000; MnSO4-H20, 200: KI, 1; Na2SeO 4, 0.4:Fe(SO4)2-H20 , 
426. 
d The vitamin premix supplied the following in mg per kg o1 diet: 
riboflavin, 40; thiamin-CI, 5: Ca-Dantothenic, 20: niacin, 50; 
pyridoxine-HCI, 7; folic acid, 2; biotin, 1.5; vitamin K-bisulfite, 2; 
vitamin B~2, 02; vitamin A (195,000 RE/g), 7; vitamin D 3 (10,000 
p.g/g), 3: vitamin E (227 mg D-L tocopherol/g), 200. 

Diets and tissues were analyzed for zinc, iron, and copper 
by atomic absorpt ion spect rophotometry  (Perkin-Elmer Corp. 
Model 372, Norwalk,  CT), USA. ~6 Bovine liver standards (SRM 
#1577a) obtained from the National Bureau of Standards were 
analyzed with most of the sets of samples. The liver standards 
(n > 17) were found to contain 2.44 -+ 0.02 p, mol copper,  3.24 
_+ 0.07 ~mol iron, and 1.90 -+ 0.03 ~mol zinc/g sample; the 
standard was certified to contain 2.49 t~mol copper.  3.47 #,mol 
iron, and 1.88 t~mol zinc/g sample. 

Statistical analysis 

All data were subjected to analysis of variance (ANOVA) using 
the general linear model that allowed the effects of zinc, copper, 
and their interactions to be determined in studies B, C, and D. ~7 
Mean t reatment  differences were determined by least square 
difference (LSD) with a level of statistical significance of 5%. 
Percentage data was t ransformed to arc sin angles prior to statis- 
tical analysis. 

Results 

I n g e s t i o n  o f  e x c e s s  z i n c  c o n s i s t e n t l y  d e c r e a s e d  
p a c k e d  ce l l  v o l u m e s .  A l t h o u g h  c h i c k s  f e d  h i g h  l e v e l s  
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Table  2 Hemato log ica l  status of chicks fed various levels of zinc and/or  copper  

Diet zinc* A A H H LF-A A H 
Diet copper  A H A H LF-A VH VH 
Packed cell volume (1) 
Study A* 0.26 _+ 0 .01 t  a 0.27 _+ 0.01 a 0.17 _+ 0.01 c 0.21 _+ 0.01 b 0.25 -+ 0,01 a 0.27 ± 0.01 a 0.20 ± 0015 
Study B:i: 0.31 + 0.02 a 0.29 + 0.04 a 0.25 + 0.07 b 0.25 ± 0.01 b - -  - -  - -  
Study C$ 0.29 ± 0.04 a 0 2 8  ± 0.08 ab 0.25 ± 0.01 c 0.26 -+ 0.07 bc - -  - -  - -  
Study D:L 0.29 ± 0 0 6  a 0.28 ± 0.08 a 0 2 4  ± 0.08 b 0.24 ± 0 0 4  b - -  - -  - -  

* A  : adequate (0 .58-0.76 #,mol Zn/g diet and 0.13-0.17 t~mol Cu/g diet); H = high (26.0-31.4 p, mol Zn/g diet and 3.18-3.50 #,mol 
Cu/g diet); VH - very high (8.34 #.mol Cu/g diet); LF = limit fed. 
1- Values are mean _+ SEM, n = 7 per treatment in study A, n = 12 in study B, n = 8 in studies C and D. Data analyzed by ANOVA and 
LSD tests appl ied to differentiate among means that were signif icantly (P < 0.05) different. In studies B-D,  two-way ANOVA was appl ied 
to determine effect due to diet Zn, diet Cu, and their interaction. Means in a row without a common superscr ipt  letter differ signif icantly 
(P < 0.05). 
:L Effect of zinc was signif icant (P < 0.01) but effects of copper  and their interaction were not statist ical ly signif icant. 

Tab le  3 Excretion and appearance of Fe-59 in tissues one week after ingestion of a meal labeled with Fe-59 among chicks in study A fed 
various levels of zinc and/or  copper  

Diet zinc* A A H H LF-A A H 
Diet copper  A H A H LF-A VH VH 
Excreta (% of dose lost in week 1 after meal) 

54 ± 41 -b 58 ± 5 b 78 ± 2 a 78 + 12 62 ± 4 b 58 ± 7 b 77 ± 4 a 
Tissue appearance of Fe-59 (Bq/organ) 
Liver 211 ± 34 211 -+ 33 106 ± 25 165 -+ 84 148 _+ 28 291 _+ 86 100 ± 32 
Tibia 25 ± 2 a 24 + 3 ab 6 -+ 1 bc 5 _+ 1 c 15 _+ 3 b 26 ± 6 a 5 -* 2 c 

* A - adequate (0.58 ~mol Zn/g diet and 0 1 7  #mol Cu/g diet); H high (31.4 ~mol Zn/g diet and 3.50 #mol Cu/g diet); VH = very high 
(8.34 #mol Cu/g diet); LF = limit fed. 
t Values are mean -+ SEM, n = 7 per treatment in study A. Data analyzed by ANOVA and LSD tests appl ied to dif ferentiate among means 
which were signif icant ly (P < 0.05) different. Means in a row without a common superscript letter differ signif icant ly (P < 0.05). 

of zinc in soybean and starch-based diets in study A 
had significantly higher hematocrits when fed high 
rather than adequate levels of  copper (Table 2), this 
small effect of  copper intake was not observed in stud- 
ies B, C, and D when casein and sucrose-based diets 
were fed. Limit-feeding did not affect the hematocrits 
of  chicks in study A. 

During the week after Fe-59 was orally adminis- 
tered in study A, excretion of  Fe-59 was significantly 
greater when high levels of  zinc were fed (Table 3). In 
study B, the amount of Fe-59 in plasma after the meal 
was greater at 1 hr than after 2, 3, 4, 5, or 6 hr (study 3, 
Figure 1). The appearance of Fe-59 into plasma after 1 
hr was less in chicks fed the high rather than the ade- 
quate level of  zinc. Copper intake had no effect on the 
appearance of Fe-59 in plasma. 

One hr (study C) after the meal, less Fe-59 appeared 
in the liver of  chicks fed high rather than adequate 
levels of zinc and/or copper (Table 4). The effects of 
zinc and copper appeared to be additive as the Zn x 
Cu interaction was statistically significant. Chicks fed 
either adequate levels of  both zinc and copper or high 
levels of both elements accumulated more Fe-59 in 
tibias 1 hr after the meal than chicks fed adequate zinc 
with high copper. Six hours after the meal (study B), 
excess  zinc depressed the appearance of Fe-59 in both 
livers and tibias. Intake of  high rather than adequate 
levels of  zinc and/or copper depressed Fe-59 appear- 
ance in spleen 6 hr after the meal. 

One week after isotope was consumed (study A, 
Table 3), dietary treatments had no statistically sig- 

4 .  

2, 

0 
i 

0 7 

+ AZn ACu 

- - -o - - - -  AZn HCu 

/ ~  • HZn ACu 

1 2 3 4 5 6 

hours 

Figure 1 Incorporat ion of oral ly administered Ee-59 into blood of 
chicks fed various levels of zinc and/or  copper  in study B. Pooled 
SEM are 0.63, 0.18, 0,10, 0,16, 0.22, and 0.18 at 1, 2, 3, 4, 5, and 
6 hours, respectively. A = adequate and H - high in codes for 
dietary treatments. Total blood volume was calculated as 7% of 
body weight. 

nificant effect on the amount of  Fe-59 in livers, al- 
though there was a tendency for less Fe-59 to be pres- 
ent in livers of chicks fed high rather than adequate 
levels of  zinc. The effect of  dietary zinc on the amount 
of Fe-59 in tibias was statistically significant. 

Ingestion of  high levels of  zinc, but not copper, con- 
sistently depressed the concentration of iron in tibas 
and in livers in studies B - D  (Table 5). In study A, 
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Table 4 Appearance  of Fe-59 in t issues 1 and 6 hours after ingest ion of a meal labeled with Fe-59 among ch icks fed var ious levels of 
z inc and /o r  coppe r  

Stat ist ical 
Diet z inc* A A H H 
Diet coppe r  A H A H s ign i f i cance off:l: 

Tissue appearance  of Fe-59 (Bq/organ)  Cu Zn Cu x Zn 
Liver 
Study B (6hr) 45 +- 131- a 42 _+ 16 a 9 -+ 2 b 11 .+ 3 b ns§ 0.005 ns 
Study C ( lh r )  119 .+ 20 a 48 _+ 13 b 23 + 5 bc 10 -+ 2 c 0.001 0.0001 0.05 
Tibia 
Study B (6hr) 41 _+ 8 a 38 -+ 9 ab 20 -+ 6 b 10 +- 4 c ns 0.005 ns 
Study C ( lh r )  13 -+ 4 a 5 -+ 1 b 8 .+ 2 ab 13 _+ 1 a ns ns 0.01 
Spleen 
Study B (6hr) 6.0 -+ 1 a 1.4 _+ 0.5 b 1.5 +_ 1.2 b 1.1 _+ 0.1 b 0.0005 0.001 0.001 

* A  = adequate  (0 .73 -0 .76  #mol Zn/g  diet and 0 .13 -0 .14  #,mol Cu/g  diet); H = high (26 .0 -26 .3  ~mol Zn /g  diet and 3 .18 -3 .43  #,mol 
Cu/g  diet). 
1- Values are mean _+ SEM, n = 12 per treatment in study B and n = 8 in s tudy C. 
~: Data ana lyzed by 2 x 2 ANQVA and LSD tests app l ied  to di f ferent iate among means which were s ign i f icant ly  (P < 0.05) different. Means 
in a row wi thout  a common superscr ipt  letter dif fer s igni f icant ly  (P < 0.05). 
§ ns, not signif icant.  

Table5  Tissue iron concentrat ions of ch icks fed various levels of zinc and/or  copper  

Diet z inc* A A H H LF-A A H 
Diet copper  A H A H LF-A VH VH 
Liver Iron (~mol /g  wet tissue) 
Study A 0.86 +- 0.051 -pc 0,86 + 0.09 bc 0.64 _+ 0.02 c 0.68 -+ 0.05 c 1.24 + 0.11 a 0.93 _+ 0.11 ° 0.80 _+ 0 0 5  bc 
Study B:i: 0.95 +- 0.05 ab 1 0 6  _+ 0.07 a 0.82 _+ 0.05 b 0.81 +_ 0.07 b - -  - -  - -  
Study Cqt. 1.06 -+ 0.05 a 1.12 + 0.09 a 0.84 _+ 0 0 5  b 0.82 -+ 0 0 2  b - -  - -  - -  
Study D:I: 0.64 -+ 0.02 a 0.67 _+ 0.02 a 0.30 _+ 0.01 b 0.26 +_ 0.01 b - -  - -  - -  
Tibia iron 
Study A 0 7 0  -+ 0.04 a 0.68 +_ 0.05 a 0 2 9  _+ 0.04 b 0.30 -+ 0.02 b 0.65 + 0.05 a 0.73 _+ 0.05 a 0.36 + 0.01 b 
Study B:I: 0.99 +- 0.07 a 1.07 -+ 0.05 a 0.67 +_ 0.09 b 0.59 _+ 0.07 b - -  - -  - -  
Study C:I: 1.31 -+ 0.09 a 1.34 -+ 0.05 a 0.98 -+ 0.05 b 1.04 ± 0 .05  b - -  - -  I 

Study D:I: 1.25 -+ 0.09 a 1.14 +_ 0.06 a 0.73 + 0.05 b 0.49 -+ 0.02 b - -  - -  - -  
Spleen Iron 
Study B§ 2.42 _+ 0.21 bc 2.90 _+ 0.16 b 2.20 _+ 0.32 c 3.60 +- 0.23 a - -  - -  - -  
Study D 1.12 _+ 0.18 0.91 -+ 0.13 1.18 .+ 0.09 1.40 + 0.13 - -  - -  - -  

* A  - adequate  (0 .55 -0 .76  #,mol Zn/g  diet and 0 .11 -0 .17  #,mol Cu/g  diet); H = high (26 .0 -33 .9  i~mol Zn /g  diet and 3 1 8 - 3 . 9 8  #mol Cu/ 
g diet); VH = very  high (8.34 #mol  Cu /g  diet); LF = fed. 
1- Values are mean -+ SEM, n = 7 per treatment in study A, n = 12 in study B, n = 8 in studies C and D. Data ana lyzed  by ANOVA and 
LSD tests app l ied  to di f ferent iate among means that were s igni f icant ly  (P < 0.05) different. In studies B -D ,  two-way ANOVA was also 
app l ied  to determine effect due to diet zinc, diet copper,  and their in teract ion Means in a row wi thout  a common superscr ip t  letter differ 
s igni f icant ly  (P < 0.05). 
:i: Effect of z inc s igni f icant  (P < 0.01) but effects of copper  and their interaction were not stat ist ical ly s igni f icant.  
§ Effect of coppe r  (P < 0.01) and of the interaction (P < 0.01) were signif icant;  effect of z inc was not stat ist ical ly  s ign i f i can t  

the difference was clearer between chicks fed the high 
level of zinc and those pair-fed rather than ad libitum 
fed the adequate level of zinc. 

We hypothesized that the tissue changes in Fe-59 
and iron concentrations caused by ingestion of excess 
zinc could reflect interactions not only in absorptive 
processes but also in excretion. In study D, chicks 
fed adequate copper excreted less of an intraperitoneai 
dose of Fe-59 when fed high rather than adequate lev- 
els of zinc (Table 6). However, in general, differences 
in dietary intake of zinc and copper did not affect the 
tu2 or tissue distribution of injected Fe-59. 

Discussion 

There is no fully satisfactory method for monitoring 
iron absorption in chicks. The total collection of ex- 

cretion as we did in study A is logical but extremely 
time consuming due to the consistency of chick ex- 
creta. The appearance of Fe-59 in blood after a meal 
could be misleading if animals in one treatment ab- 
sorbed Fe-59 more slowly than those in the other treat- 
ments. However, the data in Figure I suggest that 
maximal appearance of Fe-59 in blood was the same 
for all treatments. Moreover, the losses of orally ad- 
ministered Fe-59 in excreta (Table 3) were the sum of 
unabsorbed iron, urinary losses, and endogenous gut 
losses. However, very little iron is lost in urine. 18 
Thus, the greater loss of Fe-59 in excreta by chicks 
fed higher rather than adequate levels of zinc (Table 
3) and the decreased appearance of Fe-59 in plasma 
(Figure 1) of chicks fed high rather than adequate zinc 
indicate that iron absorption was impaired by inges- 
tion of high levels of zinc. Several investigators have 

J. Nutr. Biochem., 1992, vol. 3, March 143 



Research Communications 

T a b l e  6 Excretion, half-l i fe, and appearance  in t issue of in jected Fe-59 in chicks fed var ious levels of zinc and /o r  coppe r  in study D 

Diet zinc* A A H H Statist ical 
Diet copper  A H A H s ign i f i cance of: 
Excret ion of in jected Fe-59 (% of dose excreted in 2 wk) Cu Zn Cu x Zn 

1 5 5  -+ 2.61 a 9.5 + 2.6 a~ 7.2 _+ 0.7 b 11.2 + 1 6  ab ns§ ns 0 0 5  
Half- l i fe of Fe-59 (days) 

26.9 -+ 3.5 27.7 _+ 4,9 2 8 2  + 6.9 25,1 +_ 4,9 ns ns ns 
Tissue appea rance  of Fe-59 (Bq/organ)  
Tibia 100 + 11 126 _+ 16 96 _+ 14 95 + 17 ns ns ns 
Liver 1087 +- 190 1423 -+ 167 1092 ÷ 182 1045 _+ 200 ns ns ns 
Spleen 85 -+ 10 119 _+ 23 86 _+ 25 53 + 15 ns ns ns 

• A - adequa te  (0,75 ~mol Zn/g diet and 0.13 ~mol Cu/g diet); H high (27.4 #,tool Zn/g diet and 3.37 i~mol Cu/g  diet). Means in a row 
without a common superscr ip t  letter di f fer s igni f icant ly  (P < 0.05)  
1- Values are mean _+ SEM, n = 8. 
:1: Data ana lyzed  by 2 x 2 ANOVA and LSD tests app l ied  to di f ferent iate among means that were s ign i f icant ly  (P < 0 0 5 )  different. A two-way 
ANOVA was also app l i ed  to determine effects due to a diet zinc, diet copper,  and their interactions. 
§ ns  not s ign i f i can t  

also  s u g g e s t e d  that  high z inc  in t akes  in te r fe red  with 
i ron a b s o r p t i o n  in ra ts  and  h u m a n s )  q° 

E x c e s s  z inc  d e p r e s s e d  the a p p e a r a n c e  o f  o ra l ly  ad- 
m i n i s t e r ed  Fe-59  into  l ivers  a f te r  1 and 6 hr  ( s tudies  C 
and B, T a b l e  4), but  had  less  effect  on the a m o u n t  o f  
Fe-59 in l iver  a f te r  I w e e k  ( s tudy  A,  T a b l e  3) .  This  
cou ld  ind ica te  that  e x c e s s  z inc  s l owed  t r a n s p o r t  and 
s to rage  p r o c e s s e s .  In  t h e o r y  this is poss ib l e  if inges-  
t ion o f  e x c e s s  z inc  i n d u c e d  a re la t ive  c o p p e r  defi- 
c i ency .  R a m a  and P lanas  7 have  shown  that  e x c e s s  zinc 
d e p r e s s e d  c e r u l o p l a s m i n  leve ls  in ch icks .  Davis  and  
M e r t z  ~9 have  no ted  that  the  r e l ease  o f  i ron f rom l iver  
p a r e n c h y m a l  cel ls  and  f rom the r e t i cu loendo the l i a l  
s y s t e m  a p p e a r s  to  be r e d u c e d  s o m e t i m e s  dur ing  cop-  
pe r  de f i c i ency .  H o w e v e r ,  the  ve ry  low levels  o f  c i rcu-  
la t ing c e r u l o p l a s m i n  in ch i cks  sugges t  that  o t h e r  mech-  
a n i s m s  are  m o r e  l ike ly .  

F i s h e r  et al. 2° have  p r o p o s e d  that  inges t ion  of  ex- 
cess  z inc  i n d u c e d  th ione in  that  b o u n d  c o p p e r  in the 
m uc osa l  cel ls  and  u l t ima te ly  i nduced  a re la t ive  c o p p e r  
de f i c i ency .  H o w e v e r ,  in our  s tud ies ,  the  add i t ion  of  
ex t r a  c o p p e r  g e n e r a l l y  did  not  p reven t  the  ef fec ts  of  
e x c e s s  z inc ,  inc lud ing  the ef fec ts  o f  e x c e s s  zinc on 
t i ssue  d i s t r i bu t i on  o f  Fe-59.  We did  o b s e r v e ,  h o w e v e r ,  
that  when  add i t i ona l  c o p p e r  was  a d d e d  to the diet ,  
e x c e s s  z inc  did  not d e p r e s s  e x c r e t i o n  o f  in jec ted  
F e - 5 9 .  This  might  sugges t  that  the  add i t iona l  c o p p e r  
fac i l i t a t ed  i ron  t r a n s p o r t  so that  e x c r e t i o n  could  occur .  

W e  might  have  o b s e r v e d  a g rea t e r  effect  o f  c o p p e r  
if m o r e  c o p p e r  had  been  fed.  H o w e v e r ,  inges t ion  o f  
very  high (8.34 ~mol  C u / g  diet)  r a the r  than  high (3.5 
# m o l  C u / g  die t )  leve ls  o f  c o p p e r  in s tudy  A did not 
resul t  in a g r e a t e r  ef fec t  o f  c o p p e r .  M o r e o v e r ,  if we 
had fed much  m o r e  c o p p e r ,  m e t h i o n i n e  m e t a b o l i s m  
would  have  b e e n  a l t e r ed  and  g r o w t h  wou ld  have  been  
r e d u c e d  fu r ther .  2~ 

The  d ie ts  fed in s tudy  A had a d i f ferent  p ro te in  
sou rce  (soy)  than  those  fed in s tud ies  B - D  (casein) .  
This  did  not  a p p e a r  to a l t e r  the  re la t ive  ef fec ts  o f  the 
t r e a t m e n t s  but  l iver  and  t ib ia  i ron c o n c e n t r a t i o n s  were  

l ower  in s tudy  A than  in s tud ies  B and C. The  lower  
sp leen  and l iver  i ron c o n c e n t r a t i o n s  o f  ch icks  in s tudy  
D ref lec ted  the  r e p e a t e d  b lood  co l l ec t ions .  

Overa l l ,  t he se  d a t a  ind ica te  that  inges t ion  o f  large 
a m o u n t s  o f  z inc  i nduc e d  a n e m i a  p r imar i ly  by dep re s s -  
ing i ron a b s o r p t i o n  in ch icks ,  Inges t ion  o f  large 
a m o u n t s  o f  z inc  had m i n o r  ef fec ts  on e n d o g e n o u s  i ron 
e x c r e t i o n .  The  inges t ion  o f  supp l e me n ta l  c o p p e r  par-  
t ia l ly c o u n t e r a c t e d  the ef fec t  o f  high levels  of  zinc on 
e n d o g e n o u s  e x c r e t i o n  o f  i ron but  did not  a l te r  z i n c ' s  
effect  on i ron a b s o r p t i o n .  
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