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Although zinc deficiency has been pro- 
duced in several species of experimental 
animal, the effect of dietary zinc status on 
the zinc content of the gastrointestinal tis- 
sues has received only limited attention. No 
significant effect of zinc deficiency on tissue 
zinc content was reported for chicken “small 
intestine” ( 1 ), chicken proventriculus (2, 
3), squirrel monkey duodenum or stomach 
(4), pig duodenum ( 5 )  or jejunum (6, 7 )  
and calf duodenum, jejunum ( 8 ) ,  rumen 
mucosa, or stomach fundus (9). However, a 
higher zinc content in zinc-adequate controls 
when compared to zinc-deficient animals was 
observed for rat jejunum (but not ileum) 
(10) and for chick duodenum (3) (no 
analysis for statistical significance). In addi- 
tion, significantly higher zinc contents of 
calf duodenum, jejunum (8) ,  and pig jeju- 
num (7) were observed in animals fed zinc 
in greater than adequate amounts when 
compared to their zinc-adequate controls. 

Our preliminary experiments with chicks 
showed nearly a twofold difference in in- 
testinal zinc content between zinc-deficient 
and zinc-adequate chicks. Since this obser- 
vation was at variance with the majority of 
published studies, experiments were con- 
ducted to ascertain whether experimental 
variables such as fasting, acute changes in 
dietary zinc load, and anatomical site within 
the intestine could explain these discrep- 
ancies. 

Materials and Methods. Two experiments 
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were conducted with day-old White Leghorn 
cockerels randomly assigned to treatment 
groups and maintained at 37” in a stainless 
steel battery. Feed and distilled water were 
provided ad lib., except as noted, from 
aluminum troughs, The basal diet was identi- 
cal to the arginine-adequate casein diet de- 
scribed previously (11) except that the 
casein was extracted with EDTA (12) in 
order to lower the zinc content of the basal 
diet and that the supplemental iron was in- 
creased to meet the recently revised NRC 
requirements ( 13). The basal diet contained 
by analysis 0.65 ppm zinc on an air-dry 
basis. 

Experiment 1 was designed to test the 
effect of fasting on the zinc content of 
plasma, duodenum, and ileum. Groups of 
chicks were fed ad lib. either the basal diet 
or the basal diet supplemented with 80 ppm 
zinc until 12 days of age. They were then 
fasted for 55 hr and subsequently refed ad 
lib. for another 18 hr. Distilled water was 
supplied ad lib. throughout the experimental 
period. Representative chicks were killed by 
exsanguination at the following experimental 
stages: the original ad lib.-fed state, after 24 
or 55 hr fasting, and 1.5 or 18 hr after re- 
feeding ad lib. Plasma was obtained from 
heparinized blood taken at the time of 
killing; duodenum and the ileum distal to the 
yolk stalk remnant were removed imme- 
diately, stripped of mesentery, and rinsed 
with deionized water. Duodenal, ileal, and 
plasma zinc contents were determined by 
atomic absorption spectrometry according 
to standard procedures. 

In Expt 2, five dietary schedules were 
followed to observe the effect of acute 
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changes in dietary zinc per se on zinc content 
of tibia, plasma, duodenum, and ileum in 
ad lib.-fed chicks. Three groups of chicks 
were maintained (ad lib. for the entire ex- 
periment on either basal, basal plus 100 
ppm zinc, or basal plus 800 ppm zinc diets. 
Two groups were fed the basal zinc-deficient 
diet ad lib. 12 days and then switched to 
either the basal plus 100 ppm or the basal 
plus 800 ppm zinc diet. Chicks were weighed 
and killed by exsanguination daily between 
12 and 16 days of age in an ad lib.-fed state. 
Plasma, duodenum, ileum, and tibia were 
obtained and analyzed for their zinc content. 
Statistical analysis was by Duncan's multiple 
range test ( 14). 

Results and Discussion. In Expt 1 (Table 
I) ,  chicks fed basal diet were severely zinc 
deficient as indicated by significant ( P  < 
0.05) growth retardation and depressed 
plasma zinc concentration. Fasting resulted 
in a significant ( P  < 0.05) loss in body 
weight over 55 hr, followed upon refeeding 
by a prompt recovery of body weight to the 
prior nonfasted level. Fasting for 24 or 55 
hr resulted in a significant ( P  < 0.05) in- 
crease in plasma zinc in both deficient and 
zinc-supplemented controls. Plasma zinc did 
not further increase with additional fasting 
beyond 24 hr. Refeeding fasted chicks re- 
sulted in a rapid and significant ( P  < 0.05) 
decrease in plasma zinc to the ad Zib. level in 
the zinc-supplemented controls and a some- 

what more protracted decline in the zinc- 
deficient group. 

There was no significant (P > 0.05) dif- 
ference in the zinc content of duodenum 
between deficient and zinc-supplemented 
groups when the chicks were fed ad lib. In 
zinc-supplemented chicks, the zinc content 
of duodenum increased slightly but not sig- 
nificantly ( P  > 0.05) during the first 24 hr 
of fasting; fasting beyond 24 hr resulted in a 
further and significant ( P  < 0.05) increase 
in duodenal zinc content. In these chicks, the 
zinc content of duodenum decreased sig- 
nificantly ( P  < 0.05) toward nonfasted 
levels over 18 hr of refeeding. Similar trends 
of duodenal zinc content to fasting and sub- 
sequent refeeding were observed in the zinc- 
deficient chicks, but these changes were not 
significant ( P  > 0.05). Zinc content of duo- 
dena from zinc-deficient chicks were signifi- 
cantly ( P  < 0.05) lower than those from 
control chicks only after fasting for more 
than 24 hr. The zinc content of ileum was 
not affected by either dietary treatment or 
fasting. 

In Expt 2 (Fig. l ) ,  the zinc-deficient 
chicks had essentially ceased growing by 12 
days of age (Fig. 1 A). Feeding zinc-deficient 
chicks diets containing either 100 or 800 
ppm supplemental zinc reestablished growth 
after a l-day lag at the same rate as chicks 
maintained on these diets from the outset of 
the experiment. Supplying zinc in amounts 

TABLE I. Effect of Fasting and Refeeding on Body Weight and Zinc Content of Plasma, Duo- 
denum, and Ileum of Chicks Fed Casein-based Diets (Expt 1). 

Hours on Dietary 
Dietary dietary Treat- 

regimen" regimen men t 

Zinc concentration Body 
weight Plasma Duodenum Ileum 

($9 (&/ 100 ml> (PPmb) (PPmbl 
Fasting 0 

24 
55 

18 
Fasting 0 

24 
55 

18 

Refed 1.5 

Refed 1.5 

Basal 55GDd 
Basal 52 D 
Basal 44 E 
Basal 52 D 
Basal 56 D 
Basal + 80 pprn Zn 101 A 
Basal + 80 ppm Zn 89 B 
Basal + 80 pprn Zn 79 C 
Basal + 80 ppm Zn 83 BC 
Basal + 80 ppm Zn 103 A 

GoFd 
51 D 
66 D 
50 D 
27 E 

133 A 
130 A 
100 c 
117 AB 

101 BCS 

103"Dd 
112 CD 
136 CD 
121 CD 
116 CD 
118 CD 
142 CD 
220 A 
201 AB 
160 BC 

108cAd 
106 A 
118 A 
120 A 
129 A 
128 A 
103 A 
138 A 
132 A 
123 A 

"Day-old chicks were fed their respective diets for 12 days ad l ib .  prior to initiation of stated 
dietary regimen. During periods of fasting os ad lib. refeeding, chicks had free access to distilled 
water. 

Dry bask 
Means of 7 to 8 animals per group. 
Means within a column not followed by the same letter are significantly different (P < 0.05) . 
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FIG. 1. Results of Expt 2. Effect of refeeding zinc-deficient chicks a diet containing either 
100 Or 800 pprn supplemental zinc. (A)  Weight gain from Day 12. ( B )  Plasma zinc content. 
(C) Duodenal zinc content. (D) Ileal zinc content. Means are from 6-10 chicks per group. 
Bars represent the mean k SEM; stippled areas are means t SEM from chicks maintained 
on the specified diets (“basal”, “ + l O O  ppm Zn”, or “+SO0 ppm Zn”) from the start of the 
experiment. (+) indicates a change in diet on Day 12 of the experiment. 

greater than 100 ppm did not further in- 
crease growth. 

The resupplementation of either 100 or 
800 ppm zinc to deficient chicks resulted in 
a prompt restoration of their low plasma 
zinc levels to those seen in chicks fed the 
respective diets from the start of the experi- 
ment (Fig. 1B). The zinc contents of duo- 
denum (Fig. 1C) and ileum (Fig. 1D) were 
significantly ( P  < 0.05) higher in chicks 
fed 800 ppm supplemental zinc from the 

beginning of the experiment compared to 
these same tissues from zinc-deficient ani- 
mals. The zinc content of duodenum was 1.7 
times that of ileum in the groups supple- 
mented with 800 ppm zinc. Feeding 800 
ppm zinc to the zinc-deficient chicks resulted 
in a marked increase in duodenal and ileal 
zinc content over the subsequent 3 days 
(Fig. lC, D). By comparison, 100 ppm sup- 
plemental zinc increased ( P  < 0.05) the 
zinc content of duodenum and ileum of zinc- 
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deficient chicks, but zinc concentration de- 
clined substantially over the next 4 days as 
growth was restored. Resupplementing zinc- 
deficient chicks with either 100 or 800 ppm 
zinc for 4 days resulted in an increase in 
tibia1 zinc content (data not shown) from 
60 to 114 ppm and 198 ppm, respectively, 
whereas the zinc content of tibia was 172 
and 373 ppm, respectively, in chicks main- 
tained on these diets from the outset. This 
contrasts markedly with the rapid response 
to resupplementation observed for intestinal 
zinc content. 

Our studies demonstate that the duode- 
num, and to a lesser extent the ileum, of the 
chick respond rapidly to acute increases in 
zinc load supplied either exogenously in the 
diet or endogenously during fasting. Bone is 
generally regarded as a good indicator of 
zinc status (1  ), but it responded slowly to 
changes in zinc load. In previous studies of 
the effect of zinc deficiency or excess on tis- 
sue zinc levels, the length of fasting has gen- 
erally been disregarded and, in fact, was 
explicitly stated in only one of the studies 
cited ( 3 ) .  The data of the present experi- 
ments explain why zinc content of various 
portions of the intestine are sometimes cor- 
related with dietary zinc intake but at other 
times not related. The large increase in 
plasma zinc that occurs with fasting may be 
most dramatjc in experiments with rapidly 
growing animals in which fat stores are 
minimal and muscle catabolism is required 
for energy. The anatomical site of the in- 
testine from which tissue is sampled is like- 
wise important, since our experiments indi- 
cate that duodenum responds to a greater 
extent than ileum, especially when the zinc 
load is moderate as in the fasted animal. 

The significance of the rise of intestinal 
zinc with high zinc load can only be specu- 
lated upon at this point. The zinc content of 
intestinal mucosa has been suggested to 
serve in part as a regulator of zinc homeo- 
stasis ( 18). Since the present studies showed 
no significant difference in duodenal zinc 
content in chicks fed ad lib. and those fasted 
24 hr, it seems doubtful that the high zinc 
content is indicative of zinc in the process 
of absorption. In addition, large alterations 
in intestinal zinc content in the ad lib.-fed 

chicks occurred only when the dietary zinc 
was offered in amounts greatly in excess of 
the requirement. Severe zinc deficiency was 
not accompanied by a significant depression 
of intestinal zinc content in ad lib.-fed chicks 
compared to chicks fed diets containing zinc 
in amounts modestly above the requirement. 
Although zinc deficiency may lower the zinc 
content in some small compartment critical 
to the regulation of zinc absorption, it is un- 
likely that the difference in intestinal zinc 
content in our experiments is a reflection of 
zinc in this compartment. In view of the 
significant portion of zinc which is excreted 
in the duodenal secretions (15, 16), pre- 
sumably by the Paneth cells ( 17),  it is more 
likely that the high zinc content of duode- 
num during conditions of mandatory zinc 
excretion does in fact represent zinc in the 
process of excretion. 

Summary. The zinc content of intestinal 
tissue of growing chicks depends upon the 
anatomical site of sampling, the dietary in- 
take of zinc, and the extent of fasting. The 
zinc content of duodenum, but not ileum, 
increased after 24 hr fasting in both zinc- 
deficient and zinc-adequate chicks and rap- 
idly decreased to prefasting levels after 
refeeding. Feeding diets either adequate or 
greater than adequate in zinc to zinc-de- 
ficient chicks resulted in a rapid increase in 
plasma, duodenal, and ileal zinc contents 
to levels found in animals maintained con- 
tinuously on these diets. The zinc content 
of tibia rose more slowly over this same 
time period. Thus, duodenal zinc content 
accurately reflects acute increases in “avail- 
able” body zinc and most likely represents 
zinc being excreted endogenously from the 
body tissues. 
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